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FOREWORD 


The Book of A.S.T.M. Standards, of. which, this is the 1946 edition, is 
normally a trienniaP publication,, with Supplements issued in the intervening 
years. It contains the formally adopted A.S.T.M. Standards and the 
A.S.T.M. Tentative Specifications, Methods of Test, and Definitions. 

Prior to this edition, the Book of Standards was issued in three parts. 
Today, with the extension of Society work into many new fields and the 
great stimulus given by war activities to the development of tests and 
specifications for materials, the 1946 edition of the Book of Standards 
comprises about 7000 pages. To continue to publish this amount of material 
in three parts would result in books too large for convenient use and too 
bulky and heavy for binding, except at prohibitive cost. Hence it was 
decided to publish the 1946 Book of Standards in five parts, as follows: 

Fari FA-^Ferrous Mekds (Steel, Wrought Iron, Cast Iron, Magnetic Properties, 
Malleable-Iron Castings, Ferro-Alloys, Xron-Chromium-NicM and Related 
Alloys). 

Fart FB--Non-Ferrous Metals (Copper and Copper-Alloy Wires, Kon-Ferrous Metals 
and Alloys, Light Metals, Electrodeposited Metallic Coatings, Metal Powders 
and Metal Powder Products, Electrical-Heating Alloys, Copper and Copper 
Alloys, and Die Cast Metals and Alloys). ' 

Fari lI^NanmMik Matmuk — Cmstrmtiaml (Cement, Lime, Gypsum, Masonry 
Units, Natural Building Stone, Mortar for Unit Masonry, Thermal Insulating 
Materials, Refractories, Glass and Glass Products, Clay Pipe, Concrete Pipe, 
Drain Tile, Concrete and Concrete Aggregates, Road and Paving Materto, 
Soils, Wateiproofing and Roofing Materials, Wood and Wood Preservativea, 
Paint, Varnish, Lacquer, and Related Products, Naval Stores, Fire Tests, 
Thermometers). 

Pari nFA'^NonmetalUc MaSerkis {CobI and Coke, Gaseous Fuels, Petroleum Prod* 
ucts, Aromatic Hydrocarbons, Soaps, Water, Textiles, Thermometers). 

Pari Ii!'-B‘--NonmeialUc M&ierMs (Electrical Insulating Materials,. Flasricst 
Rubber, Paper, Shipping Containers, Adhesives, Thermometers). , 

In these five parts are included the 1330 A.S.T.M. Standards and Ten" 
tatives in effect at tlie time of publication, exclusive of the 35 A.S.T.M 
Methods of Chemical Analysis of Metals which appear in a separate publica- 
tion bearing that title. ’ 

The annual Supplements to each part issued in the succeeding years will 
contain the newly adopted or revised Standards and new or revised Tenta- 
tives. These Supplements should be consulted for changes in status and 
for current revisions of Standards and Ten tatives. The combined Index td* 
A.S.T.M. Standards, issued annually, will also be helpful in this connection 
and in locating any desired standard. 

iTbe present edition is being issued with only a two-year interval since tbe preceding edition, due to 
the early exhaustion of the supply of the book- 
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Standards appear in the front of each part, and comprise those specifica- 
tions and methods of test that have been formally adopted by the Society^ 
requiring a letter ballot approval by the entire membership, 

. TenMives^ which appear in the back of each part, have been approved !)y 
the sponsoring committee as representing the latest thoughts and priiciices 
and have been accepted by the Society In accordance with establJslie<l f>ro« 
cedures for use pending adoption as standard. 

In accordance with Society regulations, standards that liave been put)™ 
lished for a period of six years or more without revision have been reviewed 
by the responsible standing committees prior to the appearance of tlie Book 
and have been reapproved in their present form. 







The appearance of this Book is a tribute to the sincere efforts of the 
technical committees responsible for the development and review of the 
standards, and of the many individuals serving on the committees. The 
Society's time-tested standardissation procedure provides for adequate 
representation on technical committees of producers and consumers and 
those having a general interest in the material or subject in question. 
Opportunity is provided during the period of promulgation for full 
consideration by all interested parties through publication as tentative 
before adoption as standard. As developments and advances take place, 
requirements are suitably revised. 




^ GUIDE TO THE USE 

OF THE 

BOOK OF STANDARDS 

standards in this Book are assembled in a sequence determined by 
the specific materials or products to which they apply. The Table of 
Contents in each part is presented in duplicate— one a list of standards in 
the order in which they appear, the other a list of the standards in numeric 
sequence of their serial designations. In addition, a separate listing (printed 
on green colored stock) is given of the tentative specifications and methods 
of test just preceding that portion of the book beginning on p, 495. 

A subject index of the standards and tentatives in this part appears at 
the back of this volume (see page 1327). This index should be the most 
convenient means of locating any standard appearing in the volume, espe- 
cially if only the general subject matter covered is known. 

A separate combined Index, covering all standards and tentatives in 
Parts PA and I-B, II, and III-A and III-B of the Book of A.S.T.M. Stand- 
ards, in tile annual Supplements thereto, and in the book of A.S.T.M. 
Methods of Chemical Analysis of Metals, is also issued annually, which 
.should be of convenience to all users of the Book of Standards. The 
combined Index will lie revised annually to incorporate the latest references 
to the standards, whether they appear in the Book of Standards or in the 
1947 or 1948 Supplements. This Index should be of convenience to all 
users of the Book of A.S.T.M, Standards and its Supplements. 

A numeric list with complete titles of the current standards and tentatives 
also appears with this Index. 

Comments or suggestions intended to improve the utility of the Book of 
Standards will be welcome. 




CONTENTS 


BCX)K OF A*SXM. STANDARDS, PART III-B 

Nonmetallic Materials— Ellectrical Insulation, Plastics, Rubber, Paper, 
Shipping Containers, Adhesives^ 

(For standards covering metals, see Parts I-A and I-B; for nonmetallic materials — 
constructional, see Part II; and for standards covering fuels, petroleum, 
aromatic hydrocarbons, soaps, water, and textiles, see Part III-A) 


In the serial designations prefixed to the following titles, the initial letter, indicative 
of the general classification, and the first number are permanent. The number following 
the dash indicates the year of original issue as tentative or of adoption as standard, or, 
in the case of revision, the year of last revision. Thus, standards adopted or revised 
during the year 1946 have as their final number, 46. Tentatives are identified by the 
letter T» 

In the following listing, the Standards and Tentatives are grouped according to mate- 
rials to which they a{>ply. Listings of Tentatives appear in italics. 

For Contents in Numeric Sequence, see p. xxiii. 

Tentatives are listed separately in the green insert opposite p. 494. 

Tentative Revisions of Standards are listed on p. 1323. 

A complete subject index appears on p, 1327. 

ELECTRICAL INSULATING MATERIALS 
(See also Plastics; Rubber Products) 

Insulating Varnishes, Paints, Lacquers, and Their Products 


Spmfwaiions for: , moE 

1) 7i)'4 - Shellac and Other / ndian Lacs for Electrical Imulathn 

{Tentathe) 495 

D 237 - 43 T, Orange Shellac and Other Lacs {see Fart ff , p. 1565). 

D 372 - 45 T. Flexible Treated Cotton and Rayon Skmng Used in Mectricd 

Insulation {Tentative)... 496 

D 373 -44 T. Black Bias^Cui Varnished Cloth Tape Used for Electrical In- 

stdaikm (Tentaiwe) 499 

Methods of: 

*r>4!l-44. Shellac Used for 'Electrical Insulation, Testing of 1 


D 29 *- 40. Shellac, Sampling and Analysis of (see Fart 11, p. 1046). 

D 29-41 T. Color of Orange Shellac^ Test for (Tentative) {see Fart 11, p. 

1569 ). 

D 115 -46 T. Varnishes Used for Electrical Insulation, Testing of {Tentative) .. 503 
D.'395^-46 T. Varnished Cloths and Varnished Cloth Tapes Used in Elec- 


trical Imulathn, Testing of (Tentative) — . . , 517 

.D 902 - 46 ^T. Varnished Glass Fabrics am Varnished Glass Fabric Tapes': 

Used in Electrical Imidalhn, Testing of (Teniatm). .... .... . 724 


® ^ Approved as AtmtlcskU Buindard by the Ameri-can Standards Association, 
i ^ See Supplements to be issued in W47 and for revision or'change in status of any of these, standards 
or|tentatlves, , 

vii ■ 

■ . , 'For Contents In Numeric Sequence, .see.p.xxiiL ■ 
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Methods cf: page 

D 670 - 42 T, Shidge Formation in Mineral Transformer Oil, Test for (Tenta- 
tive) 628 

88-44. Viscosity by Means of the Saybolt Viscosimeter, Test for (see 
Part III-A, p. 317), 

D 445 -46 T. Viscosity, Kine^natic, Test for (Tentative) (see Part p. 

964)/ 

Ceramic Products (Porcelain, Glass, Steatite) 

(See also Textile Materials for Electrical Insulation) 


Specifications for: 

D730-46 T, Lime-Glass, Pin-Type Insulators, Low and Medium Voltage 

( Tentative) 636 

D 879 -46 T. Lime-Glass, Pin-Type Insulators, Communication and Signal 

(Tentative)^ 641 

Methods of: 

D 550 - 44. Glass Spool Insulators, Testing of 78 

D 468 -46. Lime-Glass, Pin-Type Insulators, Testing of. 80 

D 116-44. Porcelain, Electrical, Testing of 92 

D 667 - 44. Steatite Used as Electrical Insulation, Testing of 104 

Solid Filling and Treating Compounds 

Methods of: 

I) 176 - 44, Solid Filling and Treating Compounds Used for Electrical In- 
sulation, Testing of 106 

E 28-42 T. Softening Point (Ball and Shoulder ed Ring Apparatus), Test 

for (Tentative) .1303 

Electrical Tests 

Methods of: 

D 495 -42. Arc Resistance of Solid Electrical Insulating Materials, Test 

for 121 

D 149 - 44, Dielectric Strength of Electrical Insulating Materials at Com- 
mercial Power Frequencies, Test for 124 

D 150-46 r. Power Factor and Dielectric Constant of Electrical Insulating 

Materials, Test for (Tentative) 647 

D 669 - 42 T, Power Factor mid Dielectric Constant Parallel with Laminations 
of La7ninated Sheet and Plate Insulating Materials, Test for 

(Tentative) 682 

D 273-40. Conducting Paths in Electrical Slate, Tests for 131 

D 257 -46. Insulation Resistance of Electrical Insulating Materials, Test 

for 135 


Insulating Paper 

(See also Paper and Paper Products) 

Methods of: 

D 202 - 46 T. Untreated Paper Used in Electrical Insulation, Sampling and 


Testing of (Tentative) 685 

D 586-42. Ash Content of Paper and Paper Products, Test for 369 

D 646 - 44. Basis Weight of Paper and Paper Products, Test for 371 

D 643-43. Folding Endurance of Paper, Test for 393 

D 644 - 44, Moisture in Paper, Paperboard, and Paperboard and Fiberboard 

Containers 410 

E 70 - 46 T, pH of Aqueous Solutions, Determination of with the Glass Elec- 
trode (Tentative) 1297 

D 689- 44. Tearing Resistance, Internal, of Paper, Test for. 436 

D 374 - 42. Thickness of Solid Electrical Insulation, Tests for. 47 


* Approved as American Standard by tbe American Standards Association, 

? These specifications were formerly published as Emergency Specifications ES-41. 

For Contents in Numeric Sequence, see p. xxiii. 
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Mica Products 

Specifications for: page 

D 748 - 45 T, Block Mica and Mica Films, Natural, Suitable for Use in Fixed 

Mica-Dielectric Capacitors {Tentative) 705 

Methods of: 

D 352-39. Pasted Mica Used in Electrical Insulation, Testing of . 150 

D 652 - 43. Stampings, Mica, Used in Electronic Devices and Incandescent 

Lamps, Measuring of 154 

D 351-46. Testing, Grading, and Classifying Natural Mica 144 

Rubber Products for Electrical Insulation 

(See also Rubber Insulated Wire and Cable, and Sheath Compound) 

Specifications for: 

D 69-46 T. Friction Tape for General Use for Electrical Purposes {Tenta- 
tive) .1078 

D 119- 46 T. Rubber Insulating Tape {Tentative) 1083 

*D 120“ 40. Electrical Gloves (Voltage Rating of Gloves, 3000 Volts) 333 

*D 178“ 24. Rubber Matting for Use Around Electrical Apparatus (Voltage 

Rating of Matting, 3000 Volts) 338 

Textile Materials for Electrical Insulation 

Specifications for: 

D 299-42. Asbestos Yarns, Specifications and Tests for 158 

1)375“ 44. Asbestos Roving for Electrical Purposes, Specifications and 

Tests for 162 

I) 315 “ 44. Asbestos Tape for Electrical Purposes, Specifications and Tests 

for 167 

D 372 - 45 T. Cotton and Rayon Sleeving, Flexible Treated, Used in Elec- 
trical Insulation {Tentative) 496 

D 335 “ 36. 0.007-in. Cotton Tape for Electrical Purposes 171 

D 68 1 - 42 T. Jute Rove and Plied Yarn for Electrical and Packing Purposes, 

Tests and Tolerances for {Tentative) 718 

D 373-44 T, Varnished Cloth Tape, Black Bias-Cut, Used for Electrical 

Insulation ( T entaiive) 499 

Methods of: 

D 628 - 44. Asbestos Sleeving, Tubular, Testing of 173 

D 295 -46 T. Cloths and Cloth Tapes, Varnished, Used in Electrical Insula- 
tion, Testing of {Tentative) 517 

I) 902 - 46 T. Glass Fabrics and Glass Fabric Tapes, Varnished, Used in 

Electrical Insulation, Testing of {Tentative) 724 

D 579-44. Glass Fabrics, Woven, Testing and Tolerances for 174 

D 580 “ 44. Glass Tapes, Woven, Testing and Tolerances for 177 

D 581-44. Glass Tubular Sleeving and Braid, Woven, Testing and Toler- 
ances for 180 

D886-46 T. Glass Yarn, Compatability of with Insulating Varnish {Tenta- 
tive) 722 

’^D 354 “41. Tubular Sleeving and Braids, Tests and Tolerances for (see 
Part III-A, p. 618). 

D 259 “44, Woven Tapes, Tests and Tolerances for 182 

Conditioning, Enclosures, Servicing Units 

Specifications for: 

D760 - 44 T. Enclosures for Small TestingMachines for Tests at Subnormal and. 

Supernormal Temperatures of Electrical Insulating Materials 

and Plastics {Tentative) 730 

D 7 61 -44 T. Servicing Units for Tests at Subnormal and Supernormal Tem- 
peratures of Electrical Insulating Materials and Plastics 
{Tentative) 731 


* Approved as American Standard by the American Standards Association, 

For Contents in Numeric Sequence, see p, xxiii. 
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xii 

Methods of: .page 

D 618 "46 T. Conditioning Flastics and Electrical Insulating Materials for 

Testing {Tentative) . : . . . . 540 

Definitions of: 

E 41" 42 T. Conditioning and Weathering^ Terms with Procedures Relating 

to (Tentalive) 1318 

TEXTILE MATERIALS 

vSpecifications and methods of test for textile materials are published in Part IILA of thfr 
Book of A.S.T.M. Standards. 

PLASTICS 

Specifications for: pagic 

D 700 "45 T, Phenolic Moldifig Compounds {Tentative) 733 

D 701 "46 T. Cellulose Nitrate {Pyroxylin) Plastic Sheets , Rods, and Tubes 

{Tentative) 737 

D 702 -“46. Cast Methacrylate Plastic Sheets, Rods, Tubes, and Shapes. . 187 

D 703 "44 T. Polystyrene Molding Compounds { Tentative) 742 

D 704" 44 T, Melamine' Formaldehyde Molding Compounds {Tentative) . ..... 747 

D 705-46. Urea-Formaldehyde Molding Compounds 191 

D 706 "46 T. Cellulose Acetate Molding Compounds {Tentative) 750 

D 707 "46 2\ Cellulose Acetate Butyrate Molding Compounds {Tentative) . . . . 753 

D 70S "44 T. Vinyl Chloride' Acetate Resin Plastic Sheets (T'entative ) ........ 757 

D709"46T. Laminated Thermosetting Materials {Tentative) 554 

D 728 "44 T. Vinyl Chloride' Acetate Resin Molding Compotmds ( Tentative ) . . 761 

D 729 "44 r. Vinylidene Chloride Molding Compounds {Tentative) ; • • • ■ "^64 

D 742 "46 T. Nonrigid Vinyl Chloride' Acetate Resin Plastics {Tentative ). . . . 768 

D743"44 T. Nonrigid Ethyl Cellulose Plastics {Tentative) 773 

x, Nonrigid Vinyl Chloride Plastics {Tentative) 778 

D 745 " 44 T. Nonrigid Vinyl Butyral Plastics ( Tentative) 783 

D 786 "46 T. CeMiilose Acetate Plastic Sheets {Tentative) 787 

D 787 "46 T, Ethyl Cellulose Molding Compounds {Tentative) 791 

D 788 "44 T. Methacrylate Molding Compounds {Tentative) 794 

D 789 "44 T. Nylon Injection Molding Compound {Tentative) 797 

D 819 "45 T. Cast Allyl Plastic Sheets, Rods, Tubes, and Shapes {Tentative). . 801 

jD 467" 44 T. Phenolic Laminated Sheet for Radio Applications ( Tentaim ) . . . . 572 

D 616"41 T. Phenolic Laminated Round Tubing for Radio Applications 

( Tentative) 576 

D 647 "45 T. Molds for Test Specimens of Molding Materials Used for EleC' 

trical Insulation ( Tentative) 804 

D760" 44 T. Enclosures for Small Testing Machines for Tests at Subnormal 
and Supernormal Temperatures of Electrical Insulating Mate' 

rials and Plastics {Tentative) 730 

D 761 "44 T. Servicing Units for Tests at Subnormal and Supernormal Tem- 
peratures of Electrical Insulating M aterials and Plastics ( T en- 

tative) 731 

E 1-46. A.S.T.M. Thermometers 454 

E 1"46T. AS.T.M, Thermojneters {Tentative)^. 1281 

Methods of: 

D 494- 46. Acetone Extraction of Phenolic Molded or Laminated Products, 

Test for 11 

D 8 17-44 T. Acetyl and Bulyryl Content of Cellulose Acetate Butyrate, Test 

for {Tentative) 807 

D 834 "45 T. Ammonia in Phenol- Formaldehyde Molded Materials, Test for 

{Tentative) — 812 

D 495 - 42. Arc Resistance of Solid Electrical Insulating Materials, Test for . 121 

D884"46T. Blocking of Plastic Sheets, Method for Estimating {Tentative) ... . 814 


^ This is in effect a tentative revision of, and, when adopted, is to be added to Standard SpeciilcatioriK 

For Contents in Numeric Sequence, see p. xxiii. 
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Methods of: page 

D746~-44 T. Brittle Temperature of Flastics and Elastomers ^ Test for {Ten" 

tatiw) 817 

D 736 - 46 T. Brittleness^ Low^ Temperature, of Rubber and Rubber" Like 

Materials, Test for {Tentative) 1026 

D 749 -43 T, Calibrating a Light Source Used for Accelerating the Deteriora" 

iion of Rubber {Tentative) 983 

D 543 -- 43. Chemical Reagents, Test for Resistance of Plastics to. ...... . 194 

D 620 -45 T. Colorfastness of Plastics to Light, Test for {Tentative) 821 

D 395- 46 T. Compression Set of Vulcanized Rubber, Tests for {Tentative ) .... 997 

I) 649 - 42 T, Compressive Strength of Electrical Insulating Materials, Test for 

{Tentative) 538 

D 695 - 44 T, Compressive Strength of Plastics, Test for {Tentative) 824 

D 618-46 T. Conditioning Plastics a7id Electrical Insulating Materials for 

Testing {Tentative) 540 

D621-45 T. Deformation of Plastics Under Load, Tests for {Tentative) 833 

D 881-46 T. Deviation of Line of Sight through Transparent Plastics, Test 

for {Tentative) 839 

D 150-46 T. Dielectric Constant and Power Factor of Electrical Insulatmg 

Materials, Tests for {Tentative) 647 

D 669 - 42 T. Dielectric Constant and Power Factor Parallel with Laminations 
of; Laminated Sheet and Plate Insulating Materials, Test for 

{Tentative) 682 

I) 149 - 44. Dielectric Strength of Electrical Insulating Materials at Com- 
mercial Power Frequencies, Test for 124 

D 636 - 43. Diffusion of Light by Plastics, Test for 197 

D 864 - 45 7\ Expansion, Cubical Thermal, of Plastics, Test for Coefficient 

of ( T enkitive) 842 

D 568 - 43. Flammability of Plastics 0.050 in. and Under in Thickness, Test 

for 204 

D 635 - 44. Flammability of Plastics Over 0.050 in. in Thickness, Test for. . 207 
D757-44 T. FlammabilUy of Plastics, Self-Extinguishing Type, Test for 

{Tentative) 846 

D650 - 42 T. Flexural Strength of Electrical Insulating Materials, Test for 

{Tentative) 542 

D671-42 T. I4exural Stress {Fatigue), Repeated, of Plastics, Test for {Tenta- 
tive) 849 

D79()-45 T. Flexural Test of Plastics {Tentative) 858 

D 569 - 44 7\ Flow Properties of Thermoplastic Molding Materials, Test for 

Measuring {Tentative) 863 

D 863 -45 T. Flow Temperature of Thermoplastic Molding Materials, Desig- 
nation of {Tentative) 867 

D 643 - 43. Folding Endurance of Paper, Test for 393 

D 676-46 T. Hardness, D urometer Indentation, of Rubber, Test for {T'enta- 

tive) 994 

D 314- 39. Hardness of Rubber, Test for 293 

D 785 - M 7\ Hardness, Rockwell, of Plastics and Electrical Insulating Mate- 
rials, Test for {Tentative) 868 

D 672-45 7k Haze of Transparent Plastics by Photoelectric Cell, Test for 

{Tentative) 870 

D 648 - 45 T. Heat Distortion Temperature of Plastics, Test for {Tentative ) .... 872 

D 337-34. Humidity, Relative, Determination of (see Part III- A, p. 489). 

256-43 7k Impact Resistance of Plastics and Electrical Insulating Materials, 

Test for {Tentative) ^ 545 

D 257 - 46. Insulation Resistance of Electrical Insulating Materials, Test 

for 135 

D791-44 T. Luminous Reflectance and Transmission Characteristics and 

Color of Plastic Materials, Test for {Tentative) 875 

D 307 - 44. Spectral Characteristics and Color of Objects and Materials, 

Test for. 220 

D 673 - 44. Mar Resistance of Plastics, Test for. 209 


* Approved as American Standard by the American Standards Association. 

For Contents in Numeric Sequence, see p. xxiii. 
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Mdhods of: page 

D 731-44 T, Mobility^ Relative, of Thermosetting Molding Powder, Test for 

Measurmg {Tentative) 879 

48-46 T, Molded Materials Used for Electrical InsulaMon, Testing of 

{Tentative) - • 527 

*D 392-38. Molding Powders Used* in Manufacturing Molded Electrical 

Insulators, Testing of 6 

U S 14 -46 T. Permeability of Vulcanised Rubber or Synthetic Elastomers to 

Volatile Liquids, Test for {Tentative) 102.5 

D 150-46 T, Power Factor and Dielectric Constant of Electrical Insulating 

Materials, Test for {Tentative) 647 

D 666 - 42 T. Power Factor and Dielectric Constant Parallel with Laminations 
of La^ninated Sheet and Plate Insulating Materials, Test for 

{Tentative) 682 

D 61 7 - 44, Punclung Quality of Phenolic Laminated Sheets, Test for 14 

D 542-42. Refractive Index of Transparent Organic Plastics, Test for. . . . 214 

D 7 56 -46 T. Resistance of Plastics to Accelerated Service Conditions, Test for 

{Tentative) 882 

D 813-44 T, Resistance of Vulcanized Rubber or Synthetic Elastomers to 

Crack Groivth, Test for {Tentative) 1011 

D 741 - 43 T. Rods, Rigid, Used in Electrical Insulation, Measuring Dimen- 
sions of {Tentative) 581 

tD 349-46. Rods, Round Laminated, Used in Electrical Insulation, Testing 

of.... 31 

D 732-46. Shear Strength of Plastics, Test for 217 

fD 229 - 46, Sheet and Plate Materials Used in Electrical Insulation, Test- 
ing of.. 36 

B 551 - 41. Shrinkage from Mold Dimensions of Molded Materials Used for 

Electrical Insulation, Measurmg of 23 

E 28-42 T. Softening Point {Ball and Shoiddered Ring Apparatus), 'Test for 

{ Tentative) 1303 

D 792 -44 T. Specific Gravity of Plastics, Test for {Tentative) 889 

D 307 - 44. Spectral Characteristics and Color of Objects and Materials, 

Test for 220 

D 793 - 44 T. Stability at Elevated Temperatures of Plastics Containing Chlo- 
rine, Short-Time, Test for {Tentative) 893 

D 747 -43 T. Stif ness in Flexure of Nonrigid Plastics, Testf or {Tentative) . \ ^ ^ 895 
D 637 -43. Surface Irregularities of Flat Transparent Plastic Sheet, Test 

for 228 

D 624 - 44. Tear Resistance of Vulcanized Rubber, Test for 290 

D 638-46 I\ Tensile Properties of Plastics, Test for {Tentative) 899 

D 882 - 46 T. T ensite Properties of Thm Plastic Sheets and Films, T est for {Ten- 
tative) 911 

D 759-44 T. Tensile atid Compressive Properties of Plastics at Subnormal and 

Supernormal Tern per at wres. Test for {Tentative) . 916 

D 651 -42 T. Tensile Strength of Molded Electrical Insulating Materials, 7'est 

for { Tentative) 551 

412 - 41. Tension Testing of Vulcanized Rubber. 247 

D 674 - 46 T. Tension Tests, Long-Time, of Plastics {Tentative) 919 

D 696-44. Thermal Expansion, Linear, of Plastics, Test for Coefficient of. . 230 

D 374-42. Thickness of Solid Electrical Insulation, Tests for 47 

fD 348 - 46. Tubes, Laminated, Used in Electrical Insulation, Testing of . . . , 52 

D 668- 44. Tubes, Rigid, Used in Electrical Insulation, Measuring Dimen- 
sions of. 57 

E 4-36. Verification of Testing Machines. 478 

D 570 - 42. Water Absorption of Plastics, Test for. 234 

D 697 - 42 T. Water Vapor Permeabiliiy of Plastic Sheets, Test for ( l^enkitive) 923 

D 797 -46. Young^s Modulus in Flexure of Natural and Synthetic Elas- 
tomers at Normal and Subnormal Temperatures, Test for, ... 313 


* Approved as American Standard by the American Standards Association. 

t A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1323. 

For Contents in Numeric Sequence, see p, xxlii. 
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Recommended Practices for: * page 

D 795 - 44 T. Accelerated Weathering of Plastics Using S-1 B-ulb aM Fog 

Chamber ( Tentative) ... 927 

D 758 -44 T. Impact Resistance of Plastics at Subnormal and Supernormal 

Temperatures {Tentative) 932 

D796-45 T, Molding Specimens of Phenolic Materials {Tentative) 934 

D 794 -44 T. Permanent Effect of Heat on Plastics j Determination of {Tenta- 
tive) 936 

E 29 - 40 T. Designation of Numerical Requirements in Standards (Ten- 
tative) 1310 

E 4- 36. Verification of Testing Machines 478 

Definitions of: 

D 675 - 45. Descriptive Nomenclature of Objects Made from Plastics 237 

D 883 "46 jT. Terms Relating to Plastics (Tentative). 938 

E 41 "42 T. Conditioning and Weatherings Definitions with Procedures Re- 
lating to (Tentative) 1318 

E 6-36. Methods of Testing, Terms Relating to 487 

E 24- 42. Rheological Properties of Matter, Terms Relating to 494 

E 12- 27. Specific Gravity, Terms Relating to. 492 
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Standard Methods of 


TESTING SHELLAC USED FOR ELECTRICAL INSULATION^ 



A.S.T,M. Designation: D 411 - 44 
Adopted, 1940; Revised, 1942, 1944,^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D411; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover tests for 
shellac in the dry or powdered form to be 
used for electrical insulating purposes. 

General Tests 

2. Each of the following tests shall be 
made in accordance with the procedures 
described in the Standard Methods of 
Sampling and Analysis of Shellac (A.S. 
T.M. Designation: D 29) of the American 
Society for Testing Materials:^ 

{a) Sampling, 

(6) Insoluble matter, 

{c) Iodine number, 

{d) Moisture content, 

W Wax, 

{/) Ash, and 
(g) Orpiment. 

Polymerization Time^ 
Apparatus 

3. The apparatus shall consist of the 
following: 

5 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1935 to 1940, being revised in 
1937. 

» 1946 Book of A.S.T.M. Standards, Part II. 

This property is also known as “life under heat,” or 
”life of the resin.” 


(a) Test Tuhes—Tv^o f-in. glass® test 
tubes, supported by a wire rack to a 
depth of 4 in. when placed in an oil bath. 
It is essential that the test tubes be 
supported and maintained in a vertical 
position. The rack shall be so con- 
structed as to permit free circulation of 
oil around the test tubes. 

{h) Oil Bath , — An oil bath of such 
construction as to permit of maintaining 
a uniform test temperature within 1 C. 
It is essential to use a mechanical stirring 
device in the oil bath to maintain a 
uniformly distributed temperature. The 
oil used shall be a mineral oil having a 
Saybolt Universal viscosity of approxi- 
mately 150 sec. at 100 C. 

(d) Burner , — A bunsen burner for 
heating the oil bath. 

{d) Glass Rod , — A smooth glass rod 5 
mm. in diameter. A small mark or 
indicator shall be placed on top of the 
rod or the glass formed-over to facilitate 
readings as outlined in Section 6 (d). 
The sides of the glass rod, near the end 
which is immersed in the shellac, shall 
be flattened slightly. 

(e) Thermometer,— k suitable tber- 


* Pyrex or quartz glass is satisfactory for this purpose. 
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Tests FOR Shellac for Electrical Insulation (D 411 -44) 


mometer to indicate the test tempera- 

ture. 

: Conditioning of Sample 

4 (a) Samples of shellac before test- 
ing shall be rolled and mixed well on 
clean paper and then carefully dried as 
described in Paragraph (6) . 

(J) A flat-bottomed dish, about 4 in. 
in diameter containing a S-g. sample of 
shellac, shall be placed in a weU-venti- 
lated gas or electric oven at a tempera- 
ture of 41 dz 2 C. for approximately 16 
hr. (or overnight). It is essential to 
have the sample spread out on the dish 
during the drying period. 

(c) After drying, the sample shall be 
transferred immediately to a clean, dry 
bottle, stoppered tightly, and allowed 
to cool in the bottle. The bottle shall 
not be opened except when a specimen 
is being removed for test. 

Test Specimens 

5. (a) Each test specimen shall con- 
sist of 2 g. of the shellac sample taken 
from the stoppered bottle. 

(b) Two specimens of each shellac 
sample shall be tested. 

Procedure 

6. (a) A specimen of shellac shall be 
transferred from the stoppered bottle 
to the f-in. glass test tube. The tube 
shall then be inserted and held securely 
in a vertical position in the test rack 
placed in the oil bath maintained 
throughout the test at the specified test 
temperature within plus or minus 1 C. 

Note. — T he method is suitable for testing 
at any temperature between 125 and 225 C. 

(b) The time when the test tube enters 
the oil bath shall be recorded. 

((;) Using the S-ihm. glass rod, the 
specimen shall be stirred gently for the 
first 3 min. of the test so that the shellac 
becomes well melted in as short a time 
as possible. It is essential that there 
be no stirring after the first 3-min. period. 


(d) Att the end of each minute there- 
after the glass rod shall be given a slight 
twist (turning approximately 90 deg.). 
In the early stages of the test, and be- 
fore the polymerization point is reached, 
the glass rod will remain in the position 
to which it has been turned. When, 
however, the shellac takes on a rubbery 
set, there will be a definite turning or 
twisting back of the rod following the 
90-deg. twist. This is the end point. 
(In the early stages of the test there may 
be a tendency for the glass rod to move 
back slowly after twisting with the 
fingers. This slight movement should 
not be confused with the definite 
“twist-back^^ observed when the end 
point is reached.) 

(e) The temperature shall be recorded 
each minute during the test. The 
average of all these readings shall be 
considered the test temperature. 

Polymerization Time 

7. The elapsed time in minutes, from 
the time of entry of the specimen into 
the bath and including the 3-min. stirring 
period, until the first ^^twist-back” of the 
glass rod is noted, shall be recorded as 
the “polymerization time.’’ 

Report 

8. The report shall include the follow- 
ing: 

(1) The polymerization time to the 
nearest minute for each specimen, 

(2) The average of the values in 
Item (i) above, and 

(J) The test temperature. 

Flow Test 

Purpose 

9. (a) The purpose of this test is to 
determine the flow of shellac when sub- 
jected to a definite temperature under 
the conditions of test indicated. ■ 

(b) The method, consists in melting a 
sample of ground shellac in a graduated 
test tube and then' tilting the tube 
definite' angle while maintained ; at a 
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stated temperature in order to permit 
the shellac to flow down the tube. 

(^;) Two methods are provided,;, as 
follows; 

Method this method the 

time required for the shellac to flow 
specified distances .along the test tube 
' is observed. 

, , Method this .method the total 

distance the shellac flows along the 
test tube in a specified time is observed . 

Apparatus 

10. (a) Method A . — A suitable form 
of testing apparatus for use in method 
A is shown and described in the Ap- 
pendix. 

(6) Method B , — A suitable form of 
testing apparatus for use in method 
B is shown and described in the 
Appendix. Any apparatus that will 
provide for accurately maintaining the 
required test temperature and the re- 
quired positions of the test tubes may 
be used in method B, 

Test Specimens 

11. (a) Each test specimen shall con- 
sist of 2 g. of shellac, coarsely ground 
(approximately to pass a No. 20 sieve). 
The specimens shall be spread out in a 
shallow vessel and placed in a desiccator 
over a saturated solution of sodium di- 
chromate with an excess of solid salt 
and left in this atmosphere (52 per cent 
relative humidity) at room temperature 
for at least 24 hr. The specimens shall 
be tested immediately upon removal 
from the desiccator. 

(J) Two specimens shall be tested. 

Preparation of Apparatus 

12* (a) The two specimens of shellac 
shall be placed in separate glass test 
tubes," care being taken that the speci- 
men in each tube is at the bottom and 
that none of the powdered shellac ad- 
heres to the walls : of the glass tube. 


The top level .of the dry shellac in each 
tube shall be read on the millimeter 
graduated scale. The tubes containing 
the specimens shall then be clamped in 
place in the testing fixture (see Section 
10; also Fig. 1 in the Appendix). 

(b) The testing fixture with the glass 
test tubes in a vertical position shall be 
inserted in an oil bath maintained at the 
desired test temperature within plus or 
minus 1C. 

Note. — The method is^ suitable for testing 
at any temperature between 100 and 125 C. 

(c) The top surface of the specimen 
in each tube should be level and at right 
angles to the walls of the tube. 

(d) The specimens shall be allowed 
to melt for 3 min. 

Method A 

Procedure 

13. At the end of the 3-min. melting 
period, the test tubes shall each be 
placed at an angle of 15 deg. from the 
horizontal, with the corked ends down 
(see Section 10 (a); also Fig. 2 in the 
Appendix), and with the breather tube 
extending above the level of the oil 
bath. The change from the vertical 
position to the flow position shall be 
made as quickly as possible. With the 
oil bath maintained at the desired test 
temperature, the total time required for 
the shellac in each tube to flow from the 
initial level of the shellac to each centi- 
meter marking along the tube shall he 
recorded- The test in each tube shall 
be discontinued when the flow is 9 cm. 
or the total time is 20 min. 

Report 

14. The report of tests by method A 
shall include the following: 

(i) The time required for each centi- 
meter distance of flow for each specimen, 

{2) k curve showing the data reported 
in Item (i) above, with time plotted as 
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abscissas and flow in centimeters as 
ordinates, 

(3) The test temperature, 

(4) The angle of the test tubes during 
the flowing period, and 

(5) The atmospheric temperature and 
humidity, of the laboratory. 

Method B 

Procedure 

15. {a) At the end of the 3-min. melt- 
ing period, the test tubes shall each be 
placed at an angle of 15 deg. from the 
horizontal, with the corked ends down 
(see Section 10 (5) ; also Fig. 2 in the 
Appendix), and if a breather tube is 
used it shall extend above the level of the 
oil bath. The change from the vertical 
position to the flow position shall be 
made as quickly as possible. With the 
oil bath maintained at the desired test 
temperature, the test tubes shall be 
allowed to remain in the bath in this 
position for exactly 12 min. 

(6) The test tubes shall then immedi- 


ately be removed, placed in a vertical 
position, cooled, wiped, and the flow' of 
the shellac in each tube measured by 
reading the distance between the initial 
point (Paragraph (a)) and the end of the 
flow tongue. The ^^feather’’ at the very 
tip of the tongue should be disregarded. 

Note.— T his * leather,” caused by separation 
of wax from tlie sheliac, is more noticeable , with 
some shellacs than with others. It can readily 
be distinguished from the main body of shellac 
as it is always of different color. 

Report 

16. The report of tests by method B 
shall include the following: 

(i) The flow expressed in millimeters 
for each specimen, 

{2) The average of the values in 
Item (i) above, 

(J) The test temperature, 

(4) The angle of the test tube during 
the flowing period, and 

(5) The atmospheric temperature and 
humidity of the laboratory. 


APPENDIX 

Description oe Apparatus for Determining the Flow of Shellac 


The apparatus shown in Figs. 1 and 2 con- 
sist of the following: 

(a) Test Tubes , — ^Two test tubes, Ay of the 
following types should be used: 

(1) For use with method A, the tubes should 
be preferably a red-lined, heat-resistant glass, 
13 cm, in length, 2.5 cm, in outside diameter, 
and l.S mm. in wall thickness. They should 
be graduated in 5-mm. divisions beginning 
1.1 cm. in.) from the outside bottom and 
extending upward to 100 mm. Every 10-mm. 
line should be numbered. These tubes are to 
be used for holding the specimen 5. 

(2) For use with method B, plain heat- 
resistant glass tubes 12.5 cm. in length and 2.5 
cm. in outside diameter. 

The test tubes should be stoppered with 
tightly fitting corks through which extend 
small breather tubes, B. 

(&) A fixture C for holding the 

glass tubes in the correct position. This con- 
sists of two disks of brass supported as a pen- 


dulum as indicated. The disks are free to turn 
on the supporting shaft and are held in the de- 
sired position by the pin D. The tubes are 
supported on narrow V-blocks, and held in posi- 
tion by coil springs B, attached to disks C. 

(c) Oil Bath , — A metal bath E, heated by a 
bunsen burner or an electric immersion heater. 
Oil having a Saybolt l|niversal viscosity of ap- 
proximately 150 sec. at 100 C. is suitable. Glyc- 
erol or a clear oil should be used where visual 
observations during the flowing period are re- 
quired as in mehod A, It is essential to use a 
mechanical stirring device F, to maintain a uni- 
formly distributed temperature. The use of a 
glass tank or container with an immersion heater 
is required for method ,4, where it is desired to 
observe the flow during the test and to record 
the time for the shellac specimen to flow vari- 
ous stated distances. For method B any suit- 
able container may be used. 

id) Thermometer, —A. thermometer G, to 
indicate the test temperature. The A.S.T.M. 
Fartial-Immerslon Thermometer graduated in 
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either Centigrade or Fahrenheit degrees as 
specified, the range being —5 to +300 C. or 
+20 to +580 F., and conforming to the require- 
ments for thermometer 2G- 39 or2F"-39, re- 
spectively, as prescribed in the Standard Speci- 
fications for A.S.T.M. Thermometers (A.S.T.M. 
Designation: E 1)^’ is satisfactor}^ for this 
purpose. 



Fig. 1. — Flow Test Fixture Showing Essential 
Parts with Test Tubes in Vertical Position. 


® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 



Fig. 2. — Apparatus 4-^ranged ^th Tubes in 
Inclined Position for Immersion in Bath 
for Flow Test. 
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Standard Methods of 

TESTING MOLDING POWDERS USED IN MANUFACTURING 
MOLDED ELECTRICAL INSULATORS' 



A.S.T.M. Designation: D 392 - 38 
Adopted, 1938.^ 


Tliis Standard of the American Society for Testing Materials is issued under 
the fixed designation D 392; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L These methods cover tests for 
certain physical properties of molding 
powders, used for the manufacture of 
electrical insulators and other plastic 
molded parts. These powders consist 
of an organic binder of either the thermo- 
plastic or heat-reactive type and organic 
or inorganic fillers or mixtures of such 
fillers. 

Sampling 

Scope 

2. This sampling procedure is in- 
tended for obtaining a representative 
sample of a batch or shipment of mold- 
ing compound from the manufacturer’s 
original packages. 

Procedure 

3. (a) If the complete shipment is 
indicated by the manufacturer’s mark- 
ing to consist of only one batch or ^-run” 
of material, the number of packages 


1 Under the standardization procedure of the Society, 
these methods are under die jurisdiction of the A.S.T.M. 
Gommittee D-P on Electrical Insulating Materials. 

3 Prior to adoption as standard, these methods were 
published as tentative from 1934 to 1938, being revised in 
1935. Editorially revised in 1941. 


selected for sampling shall be not less 
than 10 per cent of the packages in the 
batch, and in any case, not less than 3 
packages. The packages selected for 
sampling may be chosen at random, or 
in case the manufacturer has marked 
the packages to indicate the order in 
which they were filled from his batch, 
the selection may be made with reference 
to this order of filling, if desired by the 
purchaser. If the shipment consists of 
more than one batch or ^Tun” of mate- 
rial, each batch shall be sampled sepa- 
rately to produce one composite blended 
sample for examination for each batch 
in the shipment. 

(5) The packages selected shall be 
opened carefully, making sure that no 
contamination enters them from scale, 
paint, shattered heads, torn liners, or 
other causes. ■ From each standard size 
drum sampled, an equal number of 
scoopfuls of material shall be taken 
from a point about 3 in. below the 
surface. From smaller packages the 
sample shall be taken from a point 1 in. 
below the surface. The material shall 
be transferred to a clean, dry, sheet 
metal or glass container, capable of 
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being tightly dosed. The gross quan- 
tity of sample taken shall be approxi- 
mately twice that estimated to be 
required for the tests which are to be 
made. This allowance is made in order 
to permit repeat tests' without re-sam- 
pling. The composite sample shall be 
blended thoroughly before using for the 
desired tests. 

Note. — Drums of molding powder in transit, 
and frequently during packing at the manu- 
facturers’ plantj become shaken down and fre- 
quently are so densely compacted that only a 
few ounces of material would fall out if the con- 
tainer were inverted. The few coarse particles 
not bound in the mass show plainly on the top 
surface, giving the impression that the fines 
have sunk and the coarse particles risen. A 
check-up by sieve analysis of samples taken just 
under the surface, and throughout the drum, 
ordinarily fails to disclose segregation. 

Particle Size Determination or 
Sieve Analysis 

Scope 

4. Two procedures, Methods A and 
are given for determining the size 

distribution of the particles in the mold- 
ing powder being examined. Method A 
is a complete sieve analysis and Method 
B a shorter check method by which the 
relative quantities of coarse and fine 
particles in a powder may be readily 
determined. 

Method A 

General Description 

5. The test is made by distributing 
the powder on a series of sieves of 
different mesh openings and determining 
the weight of material retained by each 
sieve after thorough shaking. 

Apparatus 

6. {a) Sieves , — The sieves used shall 
be of the U. S. standard sieve series, 
half-height, 8 in. in diameter, conform- 
ing to the requirements of the Standard 
Specifications for Sieves for Testing 


Purposes (A.S.T.M. Designation: Eli) 
of the American Society for Testing 
Materials.® The following sieves to- 
gether with a cover and bottom pan will 
be required: 


U. S. Standard Sieve 
Series Number 

Sieve Opening, Microns 

No. 12 

1680 

No. 20 

840 

No. 40 

420 

No. 70 

210 

No. 140 

105 


(6) Machine Sieving Device , — ^There 
will also be required a mechanical sieve- 
shaking device and an automatic time 
switch or equivalent device. 

{c) Balance , — A sensitive laboratory 
balance of 500-g. capacity, sensitive to 
0.1 g., shall be used for weighing the 
sample and the residue retained on the 
sieves. Other accessories required are 
suitable brushes for cleaning the sieves, 
paper for collecting samples and any 
other items of equipment ordinarily 
used in making a sieve analysis. 

Procedure 

7. The sieves specified in Section 6 
shall be stacked together in the order of 
size opening with the coarsest on top 
and the pan on the bottom. A lOO-g. 
sample (Note 1) shall be accurately 
weighed and transferred to the top sieve 
of the stack which shall then be covered. 
The stack of sieves shall then be placed 
in the machine sieving device and shaken 
for 10 min. rh 15 sec. After shaking, 
the stack of sieves shall then be carefully 
separated, beginning at the top, and the 
amount of material retained on each 
sieve and in the bottom pan shall be 
determined by weighing. In transfer- 
ring the powder from the sieve to the 
weighing scale, care shall be taken to 
brush clean from the back of the sieve 
all adhering particles. The cumulative 
percentage of original sample retained 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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on each sieve and in the bottom pan 
shall be calculated (Note 2). 

Report 

8. The report shall include the follow- 
ing: 

(1) the actual percentage of material 
retained on each sieve, and 

(2) the cumulative total percentage 
of material retained on each sieve and 
in the bottom pan. 

Method B 

General Description 

9. The test is made by distributing 
the powder on one coarse and one fine 
sieve and determining the weight of the 
material retained on each sieve and in 
the pan after thorough shaking. 

Apparatus 

10. (a) Sieves , — The sieves used shall 
be of the U. S, standard sieve ser- 
ies conforming to the Standard Speci- 
fications for Sieves for Testing Purposes 
(A.S.T.M. Designation: Ell) of the 
American Society for Testing Materials.® 
The sieves required are the No, 12 (1680- 
micron) and No. 140 (lOS-micron) to- 
gether with a cover and bottom pan. 

(i?) Mechanical Sieving Device . — ^There 
will also be required a mechanical sieve- 
shaking device and an automatic time 
switch or equivalent device. 

{c) Balance — k sensitive laboratory 
balance of SOO-g. capacity, sensitive to 
0.1 g., shall be used for weighing the 
sample and the residue retained on the 
sieves. Other accessories required are 
suitable brushes for cleaning the sieves, 
paper for collecting samples and any 
other items of equipment ordinarily 
used in making a sieve analysis. 

Procedure 

11. The No. 12 sieve shall be stacked 
on the No. 140 sieve with the pan under- 


neath. A lOO-g. sample (Note 1) shall 
be accurately weighed and transferred 
to the No. 12 sieve, which shall then be 
covered. The stack of sieves shall then 
be placed in the machine sieving device 
and shaken for 10 min. db IS sec. After 
shaking, the sieves shall be carefully 
separated and the amount of material 
retained on each sieve and in the pan 
shall be determined by transferring to the 
scale and weighing separately the con- 
tents of each sieve and of the pan, avoid- 
ing losses as much as possible by brushing 
out all adhering material into the scale 
in each case. The weights shall be re- 
corded and the percentages calculated 
for the following three fractions (Notes 
2 and 3) : 

Percentage retained on No. 12 sieve, 
Percentage retained on No. 140 sieve, and 
Percentage in the pan. 

Report 

12. The report shall include the two 
percentages of coarse and fine material, 
respectively, as calculated in Section 
11. Note should be made of any un- 
usually large particles found on the 
No. 12 sieve. 

Note 1. — If necessary this test may be 
made on a sample of any size from 50 to 200 g. 
The weight of sample used shall be stated in the 
report. 

Note 2. — Ordinarily there is a small loss of 
dust indicated by the cumulative total of actual 
weight being less than 100 per cent. If this 
loss is not over 2 per cent, the amount reported 
through the finest sieve shall be increased until 
the total of all portions of the sample equal 
100 per cent. If the cumulative total of actual 
weight is less than 98 per cent, the weights and 
operations shall be carefully checked and the 
work repeated, if necessary. 

Note 3. — The consumer will probably be 
interested in particle size only along lines rather 
definitely restricted as follows: 

First, particles substantially larger than 
normal sieve size, such as might be present 
due to broken screen wire in the manufacturers* 
plant, would tend to stop up tablet machine 
hoppers, give irregular tablet weights, and 
rough or streaked molded surfaces. Ordinarily 
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a single coarse sieve provides a satisfactory 
clieck, that is, the No. 12 given in Method B, 

Second, an excess of very fine particles would 
tend to cause excessive dusting, high bulk factor 
and irregular tablet weights due to failure to 
pour freely. (The amount may be determined 
by the use of the No. 140 sieve in Method B.) 
A certain amount of the finest particle sizes is 
usually desirable for improving finish and re- 
ducing bulk factor. Excessive fines may be 
indicated better by bulk factor and pourability 
than by sieve test. 

Apparent Density 

Scope 

13. The apparent density test is in- 
tended for the determination of the 
fluffinesS or bulk of molding powder in 



Solder brass nng 
, a round outside 


rSoIder S' brass 

/ -i-ithinrt ^ I Di 


Do not f/H this 

space with solder 


\<-dOO cc, standard 
liquid measure, 
calibrated to an 
accuracy of 0.5 cc. 


1.572 \ 

(339cm.) 

Fig. 1. — Apparatus for Apparent Density Test, 


loose condition by weighing and measur- 
ing a standard quantity of the loose 
powder. 


,{b) Funnel— A funnel mounted as 
shown in Fig. 1. 

Procedure 

15. A well-mixed 120-cu. cm. sample 
shall be selected from the general sam- 
ples of powder. With the apparatus 
assembled as shown in Fig. 1, the small 
end of the funnel shall be closed with 
the hand or with a suitable flat strip of 
material and the 120-cu. cm. sample 
poured into the funnel. The bottom of 
the funnel shall then be opened quickly 
and the material allowed to flow freely 
into the cup. If caking occurs in the 
funnel the powder may be loosened with 
a small glass rod. After all the material 
has passed through the funnel, the excess 
powder on the top of the cup shall be 
scraped off with a straight edge. The 
material in the cup shall then be accu- 
rately weighed to the nearest 0.1 g. 
The weight, in grams, of 1 cu. cm. of 
powder shall then be calculated (Note 
4). Three determinations of the appar- 
ent density shall be made on each sample 
and the results averaged (Note 5). 

Report 

16. The report shall include each 
value of apparent density and the 
average apparent density. 

Note 4.-— To convert grams per cubic cen- 
timeter to ounces per cubic inch multiply by 
0.576. To convert grams per cubic centimeter 
to grams per cubic inch multiply by 16.38. 

Note 5. — Apparent density figures are not 
comparable except on compounds having the 
same specific gravity after molding. 


Apparatus 

14. The apparatus shall consist of the 
following: 

(a) Measuring Cup . — A cylindrical 
measuring cup of 100 cu. cm. capacity 
having a diameter equal to half the 
height. Such a cylinder would be 1.572 
in. (3.99 cm.) in inside diameter by 
3.144 in. (7.98 ,cm.) in inside height. 


Bulk Factor 

Bulk Factor 

17. Bulk factor is the ratio of the 
volume of any given quantity of loose 
molding powder to the volume of the 
same material after molding. By suit- 
able transformation of this ratio, it will 
be found that the bulk factor is also 
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equal to tlie ratio of the specific gravity 
after molding to the apparent density of 
the loose molding powder. 

Procedure 

18. (a) Apparent Density . — The ap- 
parent density of the molding powder 
shall be determined as described in 
Sections 13 to 16. 

(J) Specific Gravity.-— The specific 
gravity of the molding powder (after 
molding) shall be determined by any 
accurate method; such as, weighing two 
or more samples molded from the mold- 
ing powder in air and in water. The 
average result obtained shall be used. 
If the shape of the piece is such that 
the volume may be readily calculated 
from the dimensions, it will be satisfac- 
tory to use this calculated volume in 
place of that determined by loss of 
weight in water. 

(c) Calculation . — The bulk factor 
shall be calculated by dividing the 
average specific gravity of the molded 
piece by the average apparent density 
(in grams per cubic centimeter) of the 
molding powder. 

Report 

19. The report shall include the 
average apparent density and specific 
gravity and the bulk factor (Note 6) 
calculated from them. 

Note 6. — Tke bulk factor test is comparable 
as between all grades of molding compound, 
regardless of tbe specific gravity after molding. 

Powder Pourability 
, Scope ' ^ 

20. The powder pourability test is 
intended for determining how readily 
molding powders will feed through the 
hoppers and deliver uniform weights of 
nfaterial into the dies of tableting 


machines by measuring the time of flow 
of a standard quantity through a stand- 
ard funnel The test is generally adapt- 
able quantitatively only to materials of 
bulk factor 3.0 or less (see Section 17). 

Apparatus 

21. The apparatus shall consist of a 
funnel mounted , as shown in Fig, 1, and 
a stop watch. 

Procedure 

22. A sample of the powder, equiva- 
lent to 100 times the molded specific 
gravity in grams (see Section 18 (6)) shall 
be taken (Note 7 ) . This sample shall be 
worked on a paper until there is no 
tendency of the material to pack or 
cake. With the apparatus assembled, 
as shown in Fig. 1, the small end of the 
funnel shall be closed with the hand 
or with a suitable flat strip of material, 
and the sample poured lightly into the 
funnel, avoiding any tendency to pack 
it. The bottom of the funnel shall then 
be opened quickly, and the stop watch 
shall be started at the same instant. 
The powder shall be allowed to run 
from the funnel as freely as it will and 
the watch shall be stopped at the in- 
stant the last grains leave the funnel. 

Note 7. — Correct mold charges are those 
weights which produce the constant molded 
volume of the piece to be molded and shall be so 
measured. Comparable quantities of material 
for this test are therefore some multiple of the 
molded specific gravity, 100 being taken as 
convenient. 

Report 

23. The report shall state the time in 
seconds required for the funnel to dis- 
charge; or, if so found, that the material 
will not run through the funnel (Note 8). 

Note S. — Molding powders which are not 
measurable by this test generally do not feed 
well without special feeders. 



Standard Method of Test for 

ACETONE EXTRACTION OF PHENOLIC MOLDED OR 
LAMINATED PRODUCTS* 

A.S.T.M, Designation; B 494 - 46 
Adopted, 1941; Revised, 1946.* 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 494; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope 

1. This method covers the procedure 
for determining the amount of acetone- 
soluble matter in molded or laminated 
phenolic products. 

Significance of Test 

2. {a) For molded phenolic products, 
acetone extraction should be considered 
solely as a quantitative expression of a 
property normally associated with degree 
of cure. There is no demonstrably 
rigorous relation between the optimum 
mechanical and electrical properties of a 
well-cured piece and the numerical value 
of the acetone test. The amount of 
acetone-soluble matter is affected by: 
(i) Nature of resin and filler, {2) Lubri- 
cant, {3) Molding temperature, (4) 
Length of cure, (5) Thickness of the sec- 
tion from which sample is taken, {6) 
Nature of molded piece, (7) Technique 
used in molding, (<?) Distribution of fines 
in the material to be extracted, and {9) 
Method of grinding specimen. These 
variations under some conditions may 
cause a difference of 3 to 4 per cent in 

^ Und«T the standardization |)rocedure of the Society, 
this method is under the joint jurisdiction of the 
A.S.TJd. Committee D-9 on Electrical Insuktiisg Ma- 
terials and Committee D-20 on Plastics. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1938 to 1941, being revised in 1941. 


acetone extractable matter. For this 
reason, the method should be used only 
as a' comparative test for measuring 
undercure. 

(5) For laminated phenolic products, 
acetone extraction indicates change in 
stage of cure, change in resin content, 
change in type of resin used, presence of 
plasticizers or other acetone extractable 
addition agents, and is affected in general 
by the same factors as stated in Section 
4 {a). 

Apparatus 

3. {a) Sieves . — The set of sieves used 
shall consist of sieves Nos. 40 (420- 
micron) and 140 (105-micron), with a 
cover and receiving pan, conforming to 
the requirements of the Standard Specifi- 
cations for Sieves for Testing Purposes 
(A.S.T.M. Designation: Ell) of the 
American Society for Testing Materials.® 

{b) Extraction Apparatus . — ^The appa- 
ratus may be of the type shown in Fig. 1, 
or a Wiley-Richardson type, as shown 
in Fig. 2. The former t3q>e is more suit- 
able for use with small electric hot plates 
while the latter is more suitable for use 
with oil or water baths. In either case, 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M^ Designations at front of book. 
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it shall be possible to control the tem- 
perature so that the rate of extraction 
can be regulated accurately. 

(c) Drying Dishes . — The drying dishes 
shall be li^tweight dishes, approxi- 
mately 2| in. in diameter and in. in 
height 

Preparation of Sample 

4. (a) Precautions , — It is of utmost 
importance that extreme care shall be 

8mmO(Jts,Wam.Biock^ 

JinTubin^, 


% 


Heat-Resistanf Glass 
Assay F/ask 

(All dimensions ill millimeters.) 

Fig. 1. — ^Extraction Apparatus. 

taken during the preparation of the 
sample for extraction. The sample shall 
be drillings if possible^ however, if not 
possible other suitable means of pro- 
ducing particles equivalent to drillings 
may be used. Drillings taken from a 
large molded product shall be truly 
representative of all sections of the part 
in proper proportions. The drills for 
sampling shall be kept sharp and so 
operated that no undue heating of the 



material shall occur which will tend to 
precure the material. 

(6) If it is impracticable to obtain 
samples by drilling, the parts may be 
broken up with a lathe, planer, milling 
machine, or a suitable grinder. A mor- 
tar and pestle or a pebble mill is con- 
sidered suitable as a grinder, provided 
no perceptible heating occurs during the 
grinding procedure. A sharp file or 
rasp may be used for procuring the 
sample where the size or shape of the 
part is such that no other method is 
suitable. 



50mm. 


Fig. 2. — Wiley-Richardson Type Extraction 
Apparatus. 

(c) In any case, the particles of the 
sample shall be of the smallest size 
practicable, so that they will pass 
through the No. 40 sieve with the mini- 
mum of reworking or grinding. It is 
important in preparing the sample that 
the smallest possible volume shall be 
obtained for a unit weight of the 
material. 

(d) The sample shall be sieved through 
a No. 40 sieve and that part which will 
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not pass through shall be reground and 
blended with the original material pass- 
ing the sieve. After assembling „ the 
Nos. 40 and 140 sieves and the receiving 
pan,' the aample' shall . be placed in the' 
top sieve, the cover placed on, and the 
entire sample shall be resieved either by 
a' mechanical sieve shaker or hand siev- 
ing. If the hand-sieving method is 
used, the sieve shall be rotated with 
slight tapping, the period of rotation 
being 5 min. 

(e) After sieving, the sample (that por- 
tion which has passed through the No. 40 
sieve and has been retained on the No. 
140 sieve) shall be placed immediately 
in an airtight container to prevent ab- 
sorption of moisture by the powder and 
the consequent error in results. 

Procedure 

5. (a) Eociraction, — ■ The extraction 
procedure shall be carried out in tripli- 
cate. A 3.000-g. portion of the pow- 
dered sample shall be accurately weighed 
into a tared, open- texture quantitative 
filter paper, ^ 12.5 to 15 cm. in diameter, 
or a standard, single-thickness extrac- 
tion thimble, 80 by 22 mm., trimmed if 
necessary. After folding over the thim- 
ble or filter paper containing the sample 
so that none of the powder can float out, 
it shall be placed in a desiccator until 
ready to insert in the siphon. 

(&) The filter paper or thimble con- 
taining the weighed sample shall be 
pressed into the siphon in such a way 
that the outlet of the bottom is not 
plugged. The condenser and the siphon 
shall be placed in the extraction tube 
and 50 ml. of c.p. acetone added. The 
water shall be started through the con- 
denser and the heat (Note 1) adjusted so 
that the siphon fills and empties be- 
tween 15 and 20 times per hour. This 
rate shall be carefully maintained and the 

« W. and B.. Balaton, Ltd., Gentiine Wltatnum Filter 
Paper, No. 4iH ia auitable for tbla purpoae. 


sample shall be extracted for 4 hr. After 
the siphon empties, the flask shall be re- 
moved and the contents poured into an 
individually weighed dish. The flask 
shall be washed three times with the 
smallest possible quantity of acetone, 
using a wash bottle, and the washings 
shall be added to the extracted liquid in 
the dish. 

Node 1. — an oil or water bath is used for 
heating, the height of the liquid in the bath 
should not come above 1 in. below the Hghest 
level of the acetone in the siphon before the 
siphon starts to discharge. 

{c) Drying.— The dish shall be placed 
in a well-ventilated drying chamber, 
maintained at 50 dr 2 C. (Note 2), and 
the sample shall be dried to constant 
weight. Between dryings, all dishes 
containing the residue shall be kept in a 
desiccator to prevent the absorption of 
moisture. 

Note 2.-— It is very important that the speci- 
fied temperature shall be maintained, otherwise 
consistent results can not be obtained between 
different laboratories. An dectricaffy-bcated 
oven should not be used unless it is exceedingly 
well ventilated as the acetone fumes are liable 
to come in contact with the heated coils and 
cause an explosion. 

Calculation and Report 

6. {a) Calculation.— The percentage of 
acetone extractable matter in the speci- 
men shall be calculated as follows: 

Acetone extractable IF — D 
matter, per cent — z— X lOO 

Q 

where: 

W == weight of the dish and extract, 

D = weight of the dish, and 

S = weight of the original sample. 

(b) Report . — ^The report shall include 
the percentage of acetone extractable 
matter for each sample, and the aver- 
age percentage of acetone extractable 
rnatter for the three samples. 



Standard Method of Test for 
PUNCHING QUALITY OF PHENOLIC LAMINATED SHEETS^ 



A.SXM. Besignatioa: D 617 -44 
jrr! Adopted, 1944.* 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 617 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test covers the 
procedure for determining the punching 
quality of phenolic laminated sheets 
i in. and under in thickness. It in- 
volves the use of a standard punching 
die and standard punching practice to 
form punched specimens both at room 
temperature, designated as cold punch- 
ing, and at an elevated temperature of 
135 C., designated as hot punching,, and 
a standard system for rating the punched 
specimens produced. 

(h) This method further provides for 
a control test on uniformity of punching 
quality after this property has been de- 
termined with the punching die for a 
particular grade and thickness. The 
control test consists in the determination 
of Rockwell hardness at room tempera- 
ture, and Rockwell hardness at 135 C. 
under a definitely prescribed procedure. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) FuncUng Die , — A compound die 

^ Under tlie standardization procedure of the Sodety, 
this method is under the jurisdiction of the A.S.T.M. 
Committee I)>9 on Electrical Insulating Materials. 

s Prior to adoption as standard, this method was pub- 
lished as tentative from 1941 to 1944. 


conforming to the dimensions prescribed 
in Figs. 1 and 2. 

(Jb) Oven—kn oven which will pro- 
vide a temperature of 135 dr 2 C. 

ic) Hardness Tester , — A Rockwell 
hardness tester conforming to the re- 
quirements prescribed in the Standard 
Methods of Test for Rockwell Hardness 
and Rockwell Superficial Hardness 
of Metallic Materials (A.S.T.M. Desig- 
nation: E18) of the American Society 
for Testing Materials.® 

Test Specimens 

3. (a) Punching Test Specimens . — 
For punching out specimens in the 
compound die, two strips of the material 
shall be used, each If in. in width by 12 
in. ill length, one cut lengthwise and one 
cut crosswise from the sheet. The 
dimensions of the punched specimen are 
shown in Fig. 3. 

(6) Hardness Test Specimens.— TYit 
specimen for the cold Rockwell hardness 
test and hot Rockwell hardness test 
shall conform to that prescribed in 
Section 37 of the Standard Methods of 
Testing Sheet and Plate Materials Used 
in Electrical Insulation (A.S.T.M. Desig- 
nation: D 229) of the American Society 
for Testi ng Materials.^ 

s 1946 Book of A.S.T.M. Standards, Parts I-A and I-B. 

* Appears in this publication, see Contents in Numeric 
Sequence ot A.S.T.M. Designations at front of book. 
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Preparatioii of Apparatus 

4. («) The results obtained with this 
test method will depend upon the care 
taken in properly assembling ' the die 
(see Fig. 2) as well as in the condition 
of the punch and die. It is recom- 
mended that a standard die set be used 
in order ' to insure proper alignment of 
the punch and die at all times. The 


The punch shall enter the die about -it to 
in. The clearances maintained be- 
tween the pundi and die shall be 0.002 in. 

Procedure for Punching 

5. (a) Specimens shall be punched 
out individually by means of foot release 
of the press. Continuous punching of 
specimens shall not be used. The strips 



cutting edges of the punches, as well as 
those of the die, shall be examined for 
sharpness. If the surfaces are not flat 
and if the edges are not sharp, it is ad- 
visable to grind the surfaces of both the 
punch and die to insure good punching. 

(6) The punching die shall be set in 
the press in a vertical or slightly in- 
clined position and shall be well aligned. 


shall be so guided that the punched speci- 
men is in the center of the strip. No 
specimens shall be punched closer 
together than twice the thickness of the 
Strip. The length of stroke of the punch 
shall be between to 2 in., and the 
speed running idle shall be between 
100 to ISO rpm. 

(6) Cold Punching , — ^When strips are 
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pHUclied ' at , room ■ ■ temperature, the 
temperature shall be recorded It is 
advisable to avoid punching the harder 
materials in thicknesses over 'fy in* at 
room temperature, in order to prevent 
undue stress on the die. 

(c ) ' Saf Pmching,'~~Whm strips are 


The placing of these strips in the oven 
shall be so staggered that the : heating 
time will be within the required period. 
(See Appendix L) 

Rating Punching Quality 
6, To evaluate punching quality, the 



punched' at elevated temperatures, they edges, surfaces, and holes of the punched 
shall be heated for IS min. in an oven at specimens shall be rated separately in 
135 zfc: 2 C., removed one at a time from accordance with a point rating S 3 f«tem 
the oven, and punched immediately, ranging from 100 or excellent to 0 or 
The strips shall be heated for not less worthless in accordance with Table I. 
than IS min. nor more than 20 min. The average of these three ratings on 
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eadi ' specimen shall’ constitute the punching quality. ^ When the material is 
measure of the punching' quality of the to be punched cold, the Rockwell hard- 
material. (See Figs. 4, S, and 6, in ness shall be determined at room temper- 
Appendk II illustrating typical: charac^ ature and when ’ punched hot, the 
teristics of punched specimens and point hardness shall i bei . determined at an 
ratings of these characteristics.) elevhted temperature. 


TABLE I.— POINT RATING OF PUNCHED SPECIMENS. ‘ 


.Rating 

Point , 
Score 

■ Edge 

Surface 

. ^ ; Holes 

‘ Excellent 

100. . . . 

Clean cut 

Unaffected 

Clean cut, no bulging 

Vejy good 

90.... 

Very alight chipping or very 
slight drag 

Microscopic cracks around 
edges of piece or holes 

Slight chipping in wails of holes 
or very slight bulging around 

; ■ hok'."' ' ' 5 

Good 

80,... 

Slight chipping or slight drag 

Very alight surface cracks 
around ied^e of piece or ! 
holes or slight raising of 
surface' ■ t 

Some chipping in walls of holes 
: or , slight bulging aroumd bole 

' Fair 

70.,.. 

Some chipping or drag 

Slight surface cracks or some 
raising: of surface around 
holes 

Considerable chipping in walls 
M of holes, some bulging aroimd 
holes or slight tapering of hole 

Poor 

50... 

Objectionable chipping or 
drag 

Surface cracks around edges . 
of piece or holes or distinct 
raising of surface 

Bad. chipping in walls of 'holes, 
pronounced bulging, around 
• hole,' or pronounced tapering 
of bok , 

Very poor 

25,... 

Bad chipping or slight crack- 
ing of edges 

Pronounced surface cracks or 
pronounced raising of sur- 
face at edges or around 
. holes 

Slight cracks extending in body 
of material from holes, severe 
* bulging around boles, or very 
pronounced tapering of bole 

Worthless 

0,... 

Severe chipping or cracking 
of edges 

Very severe surface cracking 
or raising of surface 

Body of makrial cracked at 
. holes, very severe bulgh^.at 
holes of closing up of ‘%0le 
'■ with material 



for Maferiots £4 to Thickness, /nc/osive. 
^ ¥anof-ions of±0,005'‘Ptrmiffedt Unless 
Otherwise Specified. 


Fig. 3. — Punched Test Specimen. 

Procedure for Rockwell Hardness Con- 
trol Test 

7. {a) Rockwett ^Mardmss Test.— 
Rockwell hardness may be used as a 
control test for keeping a check on the 


(Jb) Cold RockwelT Bar dness .* — The 
cold Rockwell hardness shall be deter- 
mined as described in Sections 36 to 39 
of Methods D 229.** 

(c) Hot Rockwell Hardness —ThQ 
hot Rockwell hardness shall he deter- 
mined in sreneral as described in Sections 
36 to 39 ol hods D 229 with the 
following additional precautions necessi- 
tated by the elevated temperature: 

(1) Enough pieces to make a : J-in. 
pile-up for the test specimen . shaE be 
placed one layer deep* in the oven at 
135 rfc 2 C. for not less than IS min. nor 
more than 20 min. Any pieces left in 
the oven for more than 20 min. shall be 
discarded, since any extra heating may 
cause an appreciable change in the 
properties of the material under test and 
lead to erroneous results. 

(2) After heating for 15 min., the 
pieces shall be removed from the oven, 
pEed up to form a specimen | in. in 
over-aU thickness, and a stop watch 
shall be started the instant the pieces are 
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taken from the oven shelf. The speci- 
men pile-up shall immediately be 
placed on the Rockwell anvil, and the 
minor load brought to bear by screwing 
up the anvil. At the instant the dial 
indicates zero, the major load shall be 
applied and as soon as fully applied, 
that is the instant the crank handle 
mechanism comes to a stop, the major 
load shall be removed. The number of 
seconds between the time the specimens 
were removed from the oven until the 
maximum hardness value is reached on 
the scale, shall be recorded together with 
the reading of the Rockwell hardness 
value to the nearest 0.5. In good prac- 
tice, the time for the first test will be 
between 30 and 50 sec. 

(3) The minor load shall then be 
released, and the specimen moved 
slightly so that depressions will be at 
least 3 ^ in. apart. A second Rockwell 
hardness reading shall be taken and the 
time and the Rockwell hardness value to 
the nearest 0,5 at which an appreciable 
increase in scale reading ceases shall be 
recorded. 

Note. — Do not wait too long for the needle 
to stop moving, since an error of 0.5 to 1.0 in 
the Rockwell hardness value wEl affect the 
curve less than 10 to IS sec. error in time. 

A third reading shall be taken followed 
by additional readings up to a period of 
4 to 5 min. with a minimum of five read- 
ings. When five readings are taken, the 
third reading shall be completed between 
110 and 130 sec., the fourth between 170 
and 190 sec., and the last between 220 and 
260 sec. 'A curve shall be plotted with 


the time after removal from the oven as 
abscissas and the Rockwell hardness val- 
ues as ordinates,; using equal scale divi- 
sions for ,10 Rockwell units and 50 sec. 
(See Appendix III for typical curve 
showing change,' of Rockwell hardness, 
M scale, with time after removal of the 
specimen from the oven.) 

Report 

8. (a) Punching Quality TesL-~-Th.t 
report of the punching quality test shall 
include the following: 

(1) Thickness of specimen, 

(2) Point rating of each punched 
specimen for edge, surface, and holes, 
average rating for each of these three, 
and general average rating for punched 
specimens, 

(J) Room temperature for cold punch- 
ing test, and 

(4) Oven temperature for hot punch- 
ing test. 

{b) Control Test . — ^The report on the 
Rockwell hardness test shall include the 
following: 

(jf) Thickness of the specimen pile-up 
and number of layers of strip in the 
pile-up, 

. (2) Cold Rockwell hardness, that is, 
the average of five readings for each 
grade of material tested, 

(J) Hot Rockwell hardness, 120 sec. 
after removal from oven as determined 
from the curve, that is, the average of 
two readings for each grade of material 
tested, 

(4) Room temperature for cold Rock- 
well test, and 

(5) Oven temperature for hot Rock- 
well test. 


APPENDIX I 

Explanatory Note. — While the test temperature for the hot punching test of 135 C. for a 1 S-min. 
heating period serves to determine the relative hot punching qualities of various grades of phenolic 
laminated sheet, and is a satisfactory commercial punching condition for many grades, there are 
certain of the medium soft grades whidi may in some thicknesses give better commercial results 
when heated for shorter periods at 135 C., or when heated at a somewhat lower temperature. 




APPENDIX li 


Illustrations OP Point Ratings for Determining Punching Quality of 

Phenolic Laminated Sheets 


•in. XP, Punched Cold 
95 points 

Edge Almost Clean-cut 


•in. XXP, Punched Hot 
80 Points 

Slight Drag 



f^-in. XXX, Punched Cold 
25 Points 

Bad Chipping of Edges 


|-in, XP, Punched Hot 
50 Points 

Objectionable Drag 


Fig, 4.— Illustrations of Point Ratings for Edges. 


(D 617 - 44) 
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Jj-in. XP, Punched Cold 
85 Points 

Extremely Slight Surface Cracks 
Around Holes 


*-m. XXP, Punched Hot 
75 points 

Very Slight Surface Cracks Around 
Holes and Edge of Piece 





J-in. XP, Punched Hot 
50 Points 

Distmct;Raising of Surface Around 
Holes 


J-in. X-101, Punched Hot 
25 Points 

Pronounced Surface Cracks at Edges and 
Around Holes 


Fig, 5.— Illustrations of Point Ratings for Surfaces. 
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^-in. XXP, Punclied Hot 
80 Points 

Holes Show Slight Drag with Some 
Bulging Around Holes 


^-in. XP, Punched Cold 
95 Points 

Holes Clean-cut with Only Slight 
Bulging Around Smallest Hole 


J4n. XP-208, Punched Hot 
50 Points 

Pronounced Bulging, Particularly 


J-in. X-101, Punched Cold 
0 Points 

Very Severe Bulging at Holes 


Around Smaller Holes 


Fig. 6.— Illustrations of Point Ratings for Holes. 
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Time, sec. 


Fig. 7. — T^-pical Curve Showing Change in 
Rockwell Hardness, M Scale, with the Time 
After Removal of Specimen from Oven. 




Standard Method oj 

MEASURING SHRINKAGE FROM MOLD DIMENSIONS 
OF MOLDED MATERIALS USED FOR 
ELECTRICAL INSULATION' 



A.S.T.M. Designation: B 551 -41 
Adopted, 1941 A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 551; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Purpose and Scope 

1. {a) The purpose of this lest niethod 
is to measure the batch- to-batcli uni- 
formity in initial, shrinkage from mold 
to molded dimensions of either thermo- 
plastic or thermosetting materials. The 
test specimen is a | by | by 5-in. bar, 
and positive or semipositive molds are 
used in which there is no very great 
movement of the plastic. Shrinkages 
measured by this procedure may not be 
representative of shrinkages to be ex- 
pected in other molds or under other 
molding conditions, because shrinkages 
from mold to molded article may vary 
with how much or how little the charge 
is moved or flowed in the molds used, 
with molding conditions, with thickness 
of molded sections, etc. In general, flow 
or movement of the charge in the mold 
increases shrinkage. In general, de- 
creasing the discharge temperature of 
the mold decreases shrinkage, and the 

^ ^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941. 


shrinkage of some plastics may be very 
sensitive to this temperature. Likeness 
in shrinkage by this procedure may not 
guarantee likeness in shrinkage in other 
molds or under other molding conditions, 
unless the samples or materials compared 
are alike in plasticity, since samples or 
materials of unlike plasticity may not 
have like shrinkages relative to each 
other in all molds and under all con- 
ditions. Primarily this test method is 
simply a test for batcli-to-batch uni- 
formity, and data from it should not be 
used to predict shrinkages elsewhere 
unless, these other factors influencing 
shrinkage can be taken into considera- 
tion. 

{b) This method does not provide for 
the measurement of shrinkages which 
may occur as molded materials age. 

Sampling 

2. Dependent upon the uniformity of 
the material to be tested, such samples 
as are necessary to represent it shall be 
taken and kept at room temperature in 
nominally airtight containers until 
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tested. If composite samples are de- 
sired, the method of sampling described 
in the Standard Methods of Testing 
Molding Powders Used in Manufactur- 
ing Molded Electrical Insulators 
(A.S.T.M. Designation: D 392) of the 
American Society for Testing Materials^ 
shall be followed. 

Apparatus'^ ' 

3. The apparatus shall consist of the 
following: 

(а) Molds.— The single bar, single cav- 
ity positive mold shall conform to the 
Tentative Specifications for Molds for 
Test Specimens of Molding Materials 
Used for Electrical Insulation (A.S.T.M. 
Designation: D 647) of the American 
Society for Testing Materials.^ N 

(5) Press . — A suitable hydraulic 

press. 

(c) Balance . — A balance for weighing 
the mold charges. 

(d) Gages . — Gages for measuring the 
molds and the test specimens. 

Test Specimens 

4. The test specimens shall be | by f 
by 5-in. bars as molded in accordance 
with Section 5. 

Procedure 

5. {a) The length of the mold cavity 
at room temperature shall be measured 
to the nearest 0.001 in. unless the length 
is already known. 

(б) Sound test specimens shall be 
molded from the sample to be tested, 
using such conditions of pressure, tem- 
perature, time, etc., as the manufacturer 
and the purchaser may agree are suit- 
able for the material. In the absence 
of other definite recommendations, the 


2 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

^ Editorially revised ill November, 1 945. 


following have been suggested as suitable 
molding procedures for various types of 

plastics: 

Thermoplastics —T ox 'thermoplastics, 
such as cellulose acetate, load the mold , 
evenly at room temperature with the 
requisite quantity of granular material 
(also at room temperature), and place 
the mold in a hydraulic press such that 
a pressure of 3000 to 5000 psi. on 
the molded area can be applied and the 
mold can be heated to 250 to 265 F. 
(121 to 129 C.) in 5 to 10 min. Cool 
the mold to room temperature and dis- 
charge. The rate of heating, the maxi- 
mum temperature reached, and the rate 
of cooling do not seem critical, but the 
temperature of discharge should be 
quite definite. 

Thermosetting Materials^ Urea Type. 
— From thermosetting materials of the 
urea type, load the mold evenly at 285 
to 290 F. (141 to 143 C.) with the 
requisite quantity of granular material 
at room temperature, and place the 
mold in a hydraulic press such that the 
temperature can be maintained on the 
mold and a pressure of 3000 to 5000 psi. 
applied on the molded area. A release 
of pressure for 5 sec. after 5 to 15 sec. 
may be desirable. Discharge after 8 
min. without cooling the mold. 

Thermosetting Materials , Phenolic 
Type . — For thermosetting materials of 
the phenolic type, load the mold evenly 
at 300 to 310 F. (149 to 154 C.) with the 
requisite quantity of granular material 
at room temperature, and place the 
mold in a hydraulic press such that the 
temperature can be maintained on the 
mold and a pressure of 3000 to 5000 psi. 
applied on the molded area. Discharge 
after 6 min. without cooling the mold* 

(c) After molding, the test specimens 
shall be allowed to cool to room tem- 
perature, and the length of each speci- 
men shall be measured to the nearest 
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0.001 in, in not less than 16 nor more 
than 24 hr. after molding. A sufficient 
number of specimens shall be tested to 
give a reliable or reproducible average 
value for shrinkage. 

Calculations and Report 

6. (a) The shrinkage shall be calcu- 
lated by subtracting the length of the 
specimen from the length of the mold 
cavity in which it was molded and 
dividing the difference by the latter, 
(6) The report shall include the 
foEowing: 

(i) The molding procedure used, 


including the form and distribution of 
the mold charge and the molding 
pressure, temperature, and time. 

( 2 ) The shrinkage from mold di- 
mension expressed in inches per inch. 

Reproducibility of Results 

7. The probable limit of accuracy of 
this test is plus or minus 0.0005 in, per in. 
With this limitation in accuracy it is 
possible for samples to appear to be 
alike in shrinkage and actually to differ 
by 0.001 in. per in., or for samples to 
appear to differ by 0.001 in. per in. and 
actually to be alike. 




Standard Methods of Test for 

PRODUCT UNIFORMITY OF PHENOLIC 
LAMINATED SHEETS^ 



A.S.T.M. Designation: D 634 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 634; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. {a) These methods cover the pro- 
cedures for six tests which serve to check 
the uniformity of the properties of a 
particular type or grade of phenolic 
laminated material produced by a par- 
ticular manufacturer, and to make 
evident variations in portions of one 
particular shipment, or in shipments 
made from time to time. 

[h) These methods do not in them- 
selves necessarily indicate the quality of 
a material, or in what degree it may be 
suited to a particular application. They 
indicate variations in the laminated 
product which have been caused by 
changes made purposely or inadvertently 
in the manufacturing process or in the 
raw materials used. In some cases they 
also serve as a guide to the quality of 
the product or its suitability for some 
particular application. 

(c) All of the test procedures apply to 
fabric base laminated sheets, but the 
procedures for thread count and ply 

1 TJoder the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1944. 


thickness as descri!)e(l in Section 4, 
cannot generally he ap|)lied to paper 
base laminated slieets, and the procedure 
for dielectric strength as described in 
Section 7 will not in general !)e applicable 
to asbestos base materials which, have 
poor natural electrical characteristics. 

Nature of Test 

2. The following six methods of test 
are used for determining tlie variations 
in raw material or . iriariufacturing 
process. 

(a) Thread Coimt and Fly Thickness ,' — 
This test, applicable in general to 
fabric-base grades of material, indicates 
variations in count or weight of the 
fabric base used or radical changes in 
resin content of the material 

(b) Acetone Extractable Matter,— This 
test indicates change in stage of cure 
of the material change in type of resin 
used, or presence of acetone extractable 
addition agents. 

(c) Water A bsorption.— This test indi- 
cates changes in resin content, type of 
resin or raw materials, used, or degree of 
impregnation sufficient to cause changes 
in water absorption. 
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'{d) Dielectric Strength Parallel with 
Laminations After Immersion m Water,— 
This test indicates preseDce of conduct- 
ing materials, overcure, or high moisture 
content in/ treated , materials before 
pressing. 

'{e) Mot Rochwell Hardness , — 'This test 
indicates updercuring of material, or 
presence ■ of plasticisers. 

(/) Density —This test indicates 
changes in type of resin used, in resin 
content, in the character of the sheet 
filler material used, or the addition of 
pigments, and similar material. It also 
indicates insufficient molding pressure, 
although presence of such a condition 
is rare in sheet materials. 

Sampling 

3. A sheet shall be selected at random 
from a lot or shipment of material of a 
particular grade and thickness. A strip 
3 in. in width shall be trimmed from 
two adjacent edges of the sheet and dis- 
carded; then the specimens required for 
the various tests shall be cut from the 
remainder in such a manner that no 
specimen shall be closer than 3 in. to the 
original edge of the sheet. 

Note. — S ince the purpose of the tests in 
these methods is to determine uniformity be- 
tween sheets and shipments, it is important 
that variations in properties which sometimes 
occur at the edge or corner of a sheet shall be 
eliminated. 

Thread Count and Ply Thickness 

A, (a} Apparatus , — ^A textile thread 
counter, or a 4 to 6-power microscope 
with a I or 1-in. square opening in the 
base shall be used. 

' (6) — test specimen 

shall consist of one piece sawed from 
the material 2 by 3 in. by the thickness. 
(This is the same specimen as is used for 
determining the dielectric strength (Sec- 
tion 7)). 

(c) Procedure for Thread The 

nurnber of threads per inch shall be 


counted in 'each direction. It shall be 
noted whether either the warp or filling 
is composed of two or more plies twisted 
together or whether the threads are 
single or double laid, also whether or 
not the weave is plain, twill, or satin. 
This count shall be made on the surface 
and at the second or third ply from the 
surface, or at any ply that appears to 
have a diflFerent construction from the 
remainder of the material. 

(d) Procedure for Ply Thichness.—Mi 
edges of the specimen shall be examined. 
At the section where visibility is best, 
the number of plies or layers in the total 
thickness shall be counted, and the total 
thickness of sheet measured with a 
micrometer. The total thickness of 
sheet shall be divided by number of 
plies to obtain the ply thickness. 

{e) Report , — ^The report shall include 
the following: 

(i) The average of three readings for 
thread count made in each direction 
of the material, reporting the highest 
thread count first. 


Example , — Count 


76 single,] 
double I 
laid f 
28, 2ply J 


plain weave. 


If any of the plies differ in construction, 
report the thread count of each and give 
location and number of such plies. 

(3) The average of the determinations 
of ply thickness to the nearest 0.0001 in. 

(/) Reproducibility of Results, — ^Dupli- 
cate determinations by different opera- 
tors on the same specimen should not 
differ by more than plus or minus 1 
for counts under 40 threads per inch, 
and plus or minus 2 for counts of 40 
threads per inch and over. Duplicate 
determinations of the number of plies 
by different operators on the same 
specimen should agree exactly, and de- 
terminations of ply thickness should 
agree within 0.0001 in. for specimens | 
in. and under in thickness and within 
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0.0004 in, for specimens over I in, in 
thickness. 

Acetone' Extractable ■ Matter 

5. (a) Procedure,— The acetone ex- 
tractable matter shall be determined in 
accordance with the Standard Method of 
Test for Acetone Extraction of Phenolic 
Molded or Laminated Products (A.S, 
T.M. Designation: D 494) of the Ameri- 
can Society for Testing Materials.^ 

{b) Reprodticibiliiy of Results— Du- 
plicate determinations by different op- 
erators should not diSer by more than 
plus or minus 0.5 per cent extractable 
matter for values under 5.0 per cent and 
plus or minus 1.0 per cent for values 
from 5.0 to 12.0 per cent. 

Water Absorption 

6. (a) Procedure, — The water absorp- 
tion shall be determined in accordance 
with the Standard Method of Test for 
Water Absorption of Plastics (A.S.T.M, 
Designation: D 570) of the American 
Society for Testing Materials.^ Com- 
parison of the water absorption values 
for determining the degree of uniformity 
shall be made only between materials of 
the same nominal thickness, 

(6) Reproducibility of Results. — Dupli- 
cate determinations by different opera- 
tors should not differ by more than plus 
or minus 5 per cent of the observed value. 

Dielectric Strength Parallel with Lami- 
nations (Step-by-Step Method) 

7. Except as prescribed below in Para- 
graphs (ij) to (i), the dielectric strength 
shall be determined in accordance with 
the Standard Methods of 'Test for 
Dielectric Strength of Electrical In- 
sulating Materials at Commercial Power 
Frequencies (A.S.T.M. Designation: 
D 149) of the American Society for 
Testing Materials,^ Comparison of di- 
electric strength values for determining 

» Appears in this publication, see Contents in Numeric 
Sequence of A S.T.M. Designations at front of book. 


degree of product uniformity shall be 
made, only between, , materials .of the 
same nominal thickness. 

(а) A pparatus.—Tht electrodes .shall 
consist of ■ steel tapered .pins, No. . .3 
standard^ tapered pin, 3 ' in. in, length, 
and 0.156 in. in. diameter at , the small 
end, and 0.219 in, in diameter at ' the 
large end. 

(б) Test Specifnens, —The test ' speci- 
mens shall consist of pieces sawed from 
the material 2 by 3 in. by the thickness 
with the 3 in. direction coinciding with 
the machine or warp direction of the 
laminated sheet (Note). Two holes 
in. in diameter and 1.0 in. between 
centers shall be drilled in each specimen 
and reamed to the standard taper. The 
center line of these holes sliall coincide 
with the length of the specimen. Six 
specimens shall be provided, one for 
preliminary determination of short-time 
dielectric strength and the other five 
for the step-by-step test. 

Note. — Machine direction is, the lengthwise 
direction of the original paper used as base for 
the laminated sheet measured as it is taken from 
a roll- Warp direction is the direction of the 
warp threads in a fabric base sheet. It shall 
be the responsibility of the manufacturer to 
inform the purchaser as to which is the warp 
or machine direction of the sheets for any 
particular grade. 

(c) Conditioning, — ^The specimens shall 
be immersed for a period of 48 hr. prior 
to testing in water .maintained, at a, 
temperature of 50 =h 2 C. 

{d) Procedure, — ^The specimen shall be 
removed from the water, the surface 
wiped dry with a clean cloth, the elec- 
trodes inserted, and the dielectric 
strength of the specimen shalh be deter- 
mined under oil maintained at a tem- 
perature of SO d- 2 C, 

{e) Reproducibility of Results. — ^Dupli- 
cate determinations by different opera- 
tors should not differ by more than plus 
or minus 10 per cent of the observed 
'value. 
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Hot Rockwell Hardness . 

8. The hot Rockwell.. hardness shall 
be deternamed in general as described 
in Sections 36 to 39 of the Standard 
Methods of .Testing , Sheet.. and Plate 
Materials 'Used in Electrical Insulation 
(A..S,T.M. Designation: D 229) of the 
American Society for Testing Materials^ 
with the additional precautions pre- 
scribed below in Paragraphs {a) to (d) 
necessitated by the elevated temper- 
ature. Comparison of hot Rockwell 
hardness values for determining the de- 
gree of uniformity are in general valid 
for any thickness of materials using a 
|-in. pile-up specimen. For specimens 
over i in. in thickness, comparison shall 
be made only between materials of the 
same nominal thickness. 

(a) Apparatus.— The Rockwell hard- 
ness tester shall be used, conforming to 
the requirements of the Standard 
Methods of Test for Rockwell Hardness 
and Rockwell Superficial Hardness 
of Metallic Materials (A.S.T.M. Desig- 
nation: E 18) of the American Society 
for Testing Materials.'^ The |-in. ball 
and 100-kg. load, red scale as prescribed 
in Methods D 229 shall be used, 

(b) Test Specimen.— The test specimen 
shall be 1 in. square with a thickness of at 
least i in. A pile-up of a minimum 
number of layers to a total thickness of 
at least J in. shall be used for thinner 
materials. For either the single speci- 
men or pile-up, the edges shall be sanded 
or filed back so that there is no possi- 
bility of pieces being held up by a raised 
border. If the sheet is warped, speci- 
mens shall be sanded so that the surfaces 
in contact with the anvil or with each 
other are fiat. ' . ■ 

(c) .Heating.— The specimens shall be 
placed one layer deep in a constant 
te.mperature oven at' 135 ± 2.C. for a 
period corresponding to the thickness of 
the specimen, as follows: 

< 1946 Book of A.S.T.M. Standards, Parts I-A and I-B. 


Healing 

Period, 


Thickness, in. min. 

A and under. 15 

Over to 20 

Over i to |. . . ....... 25 

Over I 30 


Any specimens left in the oven for more 
than the period prescribed for the ma- 
terial being tested shall be discarded, 
since any extra heating may cause an 
appreciable change in the properties of 
the material under test and lead to 
erroneous results. 

(d) Procedure . — ^After the prescribed 
heating period, the specimen or number 
of specimens required for the |-in. pile- 
up shall be removed from the oven, and 
a stop watch shall be started the instant 
that the specimen is taken from the oven 
shelf. The specimen or pile-up shall 
immediately be placed on the Rockwell 
anvil and the minor load brought to 
bear by screwing up the anvil. At the 
instant the dial indicates zero, the major 
load shall be applied and as soon as fully 
applied, that is the instant the crank 
handle mechanism comes to a stop, the 
major load shall be removed. The num- 
ber of seconds between the time the 
specimens were removed from the oven 
until the maximum value is reached on 
the scale shall be recorded together with 
the reading of the Rockwell hardness 
value to the nearest 0.5. In good prac- 
tice, the time for the first test wilt be 
between 30 and 50 sec. 

The minor load shall then be released, 
and the specimen moved slightly so that 
depressions will be at least ^ in, apart. 
A second Rockwell hardness reading 
shall be taken and the time and the 
Rockwell hardness value to the nearest 
0.5 at which an appreciable increase in 
scale reading ceases shall be Tecorded. 

Note,— -Do not wait too long for the needle 
to stop moving, since an error of 0.5 to 1.0 in 
the Rockwell hardness value will affect the 
curve less than 10 to 15 sec. error in time. 
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A third reading shall be taken followed 
by additional readings up to a period of 
4 to 5 min., with a minimum of five read- 
ings. When five readings are taken, the 
third reading shall be completed between 
110 and 130 sec., the fourth between 170 
and 190 sec., and the last between 220 
and 260 see, A curve shall be plotted 
with the time after removal from the 
oven as abscissas and the Rockwell hard- 
ness values as ordinates, using equal 
scale divisions for 10 Rockwell units and 
50 sec. 

(e) Report —The report shall include 
the following: 

(7) The Rockwell hardness values 
read from the curve for the first 
60-sec. and 120-sec. periods, 

(2) The temperature of the oven and 

the room, 

(3) The thickness of the sheet, and 

(4) The number of layers in the 

pile-up. 

(/) Reproducibility of Results. — ^Dupli- 
cate determinations by different operators 
should not differ by more than plus or 


minus 5 hardness values on the- Rock- 
well scale. 

Density 

9. {a) Test Specimens —T^st speci- 
mens: shall consist of three pieces of the, 
material each 3 by 1 in. by the thickness. 
The test specimens' for the water absorp- 
tion test (see Section 6) may, be used^ 
for this test prior to making the water 
absorption test. 

(6) Procedure,'— ’Tilted specimens shall 
be tested. Any suitable weight differ- 
ence apparatus for making readings in 
water and in air may be used in deter- 
mining the density. The water used 
shall be maintained at 25 ± 2 C., and 
correction shall be made for the density 
of the water. 

(c) Report , — density of the speci- 
men at 25 C. in grams per cubic centi- 
meter shall be reported. 

{d) Reproducibility of Results, — Dupli- 
cate determinations by different operators 
should not differ by more than plus or 
minus 0,005 g. per cu. cm. 
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A.S.T.M. Designatioii: D 349 - 46 

Adopted, 1939; Revised, 1942, 1946.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 349; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope ■ 

1. These methods cover the proce- 
dures for testing laminated round rod 
materials to be used as electrical insula- 
tion. 

Conditioning 

2. In order to eliminate the effects of 
previous history of humidity exposure 
and to obtain reproducible results (Note 
1), the test specimens of laminated rods 
shall in all cases of dispute be given a 
conditioning treatment for physical tests 
(Note 2) as follows; 

Tensile, Flexural, and Compressive 
Strengths, and Density . — ^Prior to test 
the machined specimens shall be condi- 
tioned by drying in an air-circulated 
oven at 50 dz 3 C. for 48 hr,, followed by 
cooling to room temperature in a desic- 
cator« All specimens shall be tested at 
room temperature maintained at 25 

±■8, a , , 


1 Under the standardization procedure of the Society, 
these methods are under the junsdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

8 Prior to adoption as standard, these methods 
were published as tentative from 1932 to 1939, being revised 
in 1934, 1935, and 1939. 


Note 1. — Conditioning of specimens may be 
undertaken: {a) for the purpose of bringing the 
material into equilibrium with normal or average 
room conditions of 25 C. and 40 per cent relative 
humidity; (b) simply to obtain reproducible re- 
sults, irrespective of previous history of exposure; 
or (c) to subject the material to abnormal condi- 
tions of temperature or humidity in order to 
predict its service behavior- 

The conditions given here to obtain repro- 
ducible results may give physical values some- 
what higher or somewhat lower than values 
under equilibrium at normal conditions, depend- 
ing upon the particular material and test. To 
insure substantial equilibrium under normal 
conditions of humidity and temperature, how- 
ever, will require from 20 to 100 days or more 
depending upon thickness and type of material 
and its previous history. Consequently, con- 
ditioning for reproducibility must of necessity 
be used for general purchase specifications and 
product control tests. 

Note 2. — Conditioning of specimens for elec- 
trical tests is also necessary to obtain consistent 
results. The procedure for such conditioning 
is under consideration by the committee. In 
order to secure comparative results, specimens 
should be conditioned at the same temperature 
and humidity. 

Tensile Strength 

Apparatus 

3. Any universal testing machine may 
be used provided it is accurate to 
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1 per cent of the lowest load to he ap-' 
plied. Jaws wliich tighten under load, 
such as wedge grip jaws, shall be used- 
with the specimen properly aligned. 

Test Specimens' 

4. The test specimens shall be about 
12 in. in length. When the diameter 
of the rod is J in. or over, a groove 
1 in. in width and A" in. in depth with 
corners rounded to a radius of 3 in. 
shall be made around the rod at the 
center. 

Procedure 

5. (a) Five specimens shall be tested. 
(6) Speed of Testing . — The crosshead 

speed of the testing machine shall be such 
that the load can be accurately weighed 
but shall not exceed 0.050 in. per 
min. when the machine is running idle. 

Report 

6. The report shall include the fol- 
lowing: 

(i) The average diameter of the 
specimen expressed to the nearest 0.001 
in. determined from at least two meas- 
urements 90 deg. apart, 

{2) The breaking load of each speci- 
men in pounds, 

(J) The tensile strength of each speci- 
men in pounds per square inch, and 
{4) The room temperature. 

Flexural Strength 
A pparatus 

7. Any universal testing machine may 
be used provided it is accurate to 1 per 
cent of the lowest load to be applied. 

Test Specimens 

8. The test specimen shall have a 
diameter equal to the diameter of the 
rod and a length of 5 in. 


Procedure 

9. Five specimens shall ’be, tested. 
Each specimen shall, be tested as a sim- 
ple beam, loaded at the .center, The 
supports, shall have contact,, edges 
rounded to a radius of | in. , The dis- 
tance between the points of .support 
shall be 4 in. when, the diameter of rod, 
■is I in. or, over. , For smaller rods the 
distance between supports sliall. .be ,eight 
times the diameter of the , rod. \ The 
load shall be applied through a steel 
block having a semicircular contact 
edge of the same radius as the rod with 
edges rounded to a radius of | in. 

{b) Speed of Testing , — The crossliead 
speed of the testing machine shall be 
such that the load can be accurately 
weighed but shall not exceed O.OSO in per 
min. when the machine is , running idle: 

Report 

10, The report shall include the fol- 
lowing: 

(1) The diameter of the specimen 
expressed to the nearest 0.001 in,, de- 
termined from at least two measure- 
ments 90 deg. apart, 

(2) The breaking load of each speci- 
men in pounds, and 

(J) The maximum, fiber stress in 
pounds per square inch, calculated ac- 
cording to the following formula:,, 

BWL 

where: 

S = maximum fiber stress, , , 

IF =5 breaking load in pounds, ' 

L = distance between , supports' in 
inches, and 

d , = diameter in inches. ,„ 

Compressive, , Strength , ,: 

Apparatus 

, . 11. Any universal testing machine 
may be used provided it is accurate to 
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1' per cent of the lowest Toad to be ap- 
plied. One end of :' the specimen ' shall 
bear upon an accurately centered spheri- 
cal , bearing . blockj ^ ..located, whenever 
practicable, at the top. The metal bear-' 
ing plates shall be directly .in .contact 
with the ends of the test specimen. ■ 

Test Specimens . 

12. (a) Samples shall be tested as- 
received. For rods | to l|-in. in diam- 
eter the test specimen shall have a diam- 
eter equal to the diameter of the rod and 
length conforming to the following re- 
quirements: 


Diameter, in. Length, in. 

itoi.......... ..i 

Over i to 1| 1 


(i) For rods over 1| in. in diameter, 
specimens shall be 1-in. cubes cut from 
the rods so as to be representative of its 
cross-section both at the center and 
near the edges, 

(c) The ends of each specimen shall be 
accurately cut or ground square with 
the sides. 

Procedure. 

13. (a) Five specimens shall be tested 
with the load applied perpendicular to 
the faces or ends of the specimen. 

{b) Speed of Testing . — The crosshead 
speed of the testing machine shall be 
such that the load can be accurately 
weighed but shall not exceed 0.050 in per 
min. when the machine is running idle. 

Report . . 

14. The report shall include the fol- 
lowing: 

(i) The diameter of the specimen 
expressed ' to the nearest 0.001 in., 
determined from at least two measure- 
ments 90 deg, .apart, ,, 

(^) When 1-in. cube; specimens are 
used, the dimensions and approximate 
location of each with reference to,, area 
of rod section, 


(J) The load on each specimen In 
pounds at the first sign of rupture, and 

(4) The ultimate compressive g:rength 
in pounds per square inch calculated 
from the data obtained on the applica- 
tion of the load perpendicular to the 
face of the specimen. 

'Water Absorption ■ 

Procedure 

15. The rate of water absorption shall 
be determined in accordance with the 
Standard Method of Test for Water 
Absorption of Plastics (A.S.T.M. Desig- 
nation: D 570) of the American Society 
for Testing Materials.® 

Density 
Test Specimens 

16. Any suitable size specimen may 
be used. The samples used for the 
compressive strength test (Section 12) 
will be found convenient. 

Procedure 

17. Two specimens shall be tested. 
Any suitable weight-difference apparatus 
for making readings in water and in air, 
or the weight and dimensions of the 
specimen may be used as a basis for 
caculating the density. 

Report 

18. The report shall express the den- 
sity in e.g.s. units. 

Dielectric Strength 
Dielectric Strength 

19. (a) Except as specified below in 
Sections 20 to 25, the dielectric strength 
shall be determined in accordance with 
the Standard Methods of Test for 
Dielectric Strength of Electrical Insulat- 
ing Materials at Commercial Power 
Frequencies (A.S.T.M. Designation: 
D149).® 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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(b) Tests shall be made parallel with 
the major axis of the rod. 

Electrodes and Test Speciinens ' 

20. The test specimens shall be | in. 
in length. A hole shall be drilled into 
one end of the test specimen in the 
approximate center of the rod parallel 
with the major axis of the rod to a depth 
of ^ in. leaving a section in. in thick- 
ness to be tested. A snug-fitting metal 
pin electrode with the end ground to 
conform with the shape of the drill used 
shall be inserted in the hole. The speci- 
men shall be placed on a flat metal plate 
having a diameter at least J in. greater 
than that of the specimen. This plate 
shall serve as the lower electrode. Thus, 
in effect, the material shall be tested 
parallel with laminations in a point-plane 
gap. The diameter of the hole shall be 
as shown in the following table: 

Nominal Hole 

Nominal Diameter Diameter for Pin 

of Rod, in. Electrode, in. 

i to L incl A 

Over t* • i 

Note. — For rods with exceptionally high 
dielectric strength, surface flashover may occur. 
Such cases shall be noted in the report. 

Conditioning 

21. (a) Unless otherwise specified, all 
test specimens shall be conditioned for 
48 hr. at 50 zfc 3 C. in a circulating air 
oven prior to testing. After removal from 
oven, specimens shall be permitted to 
cool to room temperature in a desiccator 
over anhydrous calcium chloride. 

(6) In the case of rods to be used at 
other than room temperature, the di- 
electric strength characteristics shall be 
determined over the operating range of 
temperature. Prior to test, specimens 
previously conditioned as described in 
Paragraph (a) shall be exposed to each 
test temperature in a suitable tempera- 
ture-control chamber for a period in 
minutes equal to onehalf the diameter of 
the specimen in mils. 


Surrounding Medium 

. 22. The specimens, shall be tested 
immersed in oil, maintained at the tem- 
perature of the. test specimen. ' 

Procedure 

■ 23.- (a) Tests shall be made by either 
the short-time method or the step-by- 
step method. 

(J) In tests made by the short-time 
method, the voltage shall be increased at 
the rate of 0.5 kv. per sec. 

In tests made by the step-by-step 
method, the voltage at each step shall 
be applied for 1 min. The voltage shall 
be increased in increments as follows: 

Increment of 


Breakdown Voltage Increase of 

by Short-Time Method Test Voltage 

25 kv. or less 1.0 kv. 

Over 25 to 50 kv,, inch . . . . .... 2.0 kv. 

Over 50 to 100 kv., incl. . ...... S.O kv. 

Over 100 kv.. 10.0 kv. 


Number of Tests 

24. At least five tests shall be made 
at each temperature in the short-time 
method, and at least three tests in the 
step-by-step method. When the range 
of test temperatures is considerable, tests 
should be made at not less than five 
temperatures, if a curve of dielectric 
strength against temperature is desired. 

Report 

25. The report shall include the 
following: 

(I) A description of the material in- 
cluding name, type, grade, color, size, 
and name of the manufacturer. 

(£) The conditioning treatment which 
the specimens have received. 

(J) A statement of the procedure used 
whether short-time method, or step-by- 
step method. 

(4) The maximum, minimum, and 
average puncture voltage in kilovolts and 
volts per mil (Note), 
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(5) Duration of test if step-by-step 
metbod, including the initially applied 
voltage in kilovolts. 

{ 6 } : The temperature of the test speci- 
men.;':,: 

(7) The size and type of electrodes. 


Note. — ^T he tMckness of the’ sdctioU shall be 
measured prior to breakdown. This can be 
conveniently done by measuring the length of 
the electrode, then the combined length of the 
specimen and electrode with the electrode 
inserted in place. 
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This Standard of the American Society for Testing Materials is issued under 
the fixed designation B 229; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proced- 
ures for testing stiff, flat sheet and 
plate materials, such as phenolic and 
other types of laminated sheets, hard 
rubber, asbestos composition board, etc., 
to be used as electrical insulation except 
as modified by the* individual methods 
or specifications for a particular ma- 
terial. 

NoxE.^ — ^For tests applying to vulcanized fibre 
reference should be made to the Tentative 
Methods of Testing Vulcanized Fibre Used for 
Electrical Insulation (A.S.T.M. Designation: 
B 619) of the American Society for Testing 
Materials.® 

Definitions' ■ ■ ■ ' 

2. In referring to the cutting of the 
specimens and the application of the 
load, the following definitions apply: 

Flatwise, --'Loz.A. applied to the flat 

side of the original sheet or plate. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical lnsulating Materials. 

> Prior to adoption as standard, these methods were 
published as tentative from 1925 to 1939, being revised in 
1926, 1928, 1930, 1931, 1932, 1934, 1935, 1936, 1937, and 1938. 


Edgewise,--—ljQdid applied to the 
edge of the original sheet or plate. 

. Lengthwise — In the direction of the' 
length of the sheet. 

Crosswise,— In the direction at right 
angles to the length of the sheet. 

Note.— When the sheet has the same length 
and width, one dimension shall arbitrarily be 
designated as the length, and the other as the 
width. 

Conditioning 

. *3. The test specimens ' (Note 1) of 
flat sheet and plate materials shall be 
given a conditioning treatment for phys- 
ical tests (Note 2) in accordance with 
the Tentative Methods of' Conditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing (A.S.T.M. Designa- 
tion: D 618) of the American Society 
for Testing Materials,® modified as fol- 
bws; 

(a) The following materials shall be 
considered as being slowly affected by 
humidity and, unless otherwise noted, 
shall be conditioned in accordance with 
Functional Procedure A: 

s Appears iu this publication, see Ccjntents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


A ‘Tentative revision’* of this standard appears in the Xenta*- 
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, (i) Laminated sheets' bonded with 
phenolic j ' urea, , melamine,' or other 
, therm,osetting resins, 

(^) Methyl , me tha sheets, 

(J) , Asbestos boards, and ■ 

(4) Hard rubber. 

(b) The following shall be considered 
as rapidly affected by relative humidity 
and, unless otherwise noted, shall be 
conditioned in accordance with the 
Standard 'Procedure: , 

(1) Pressboard and other cellulosic 
board, and 

(2) Sheets of cellulosic esters and 
ethers. 

(c) Sheet and plate materials which 
are covered by A.S.T.M. specifications 
shall be conditioned and tested by the 
procedures recommended in those spech 
fications. Other sheet materials not 
covered by A.S.T.M. specifications or by 
Paragraphs (a) and (b) shall be con- 
ditioned according to the Standard 
Procedure and tested under the Standard 
Laboratory Atmosphere. 

(d) Impact Strength. — The machined 
specimens of sheet materials shall be 
conditioned before testing in accordance 
with the Standard Procedure or Func- 
tional Procedure A, except that under 
Functional Procedure A materials may 
be tested, after cooling in a desiccator, as 
soon as room temperature has been 
reached. Following the conditioning as 
in Functional Procedure A, tests shall 
be made at room temperature maintained 
at 25 ± 8 C., except where closer limits 
are specified. . ' 

(e) Tensile^ Flexuraly Compressive, and 
Bonding Strengths, and Rockwell Hard- 
ness— ¥oi the materials listed in Para- 
graph (a) no conditioning is necessary 
except in case of dispute, Jn which case 
Functional Procedure A shall be followed, 
.modified as prescribed in Parag,raph ^ (d). 
For materials requiring conditioning 
under the Standard Procedure, the exact 


details prescribed in A.S.T.M’, Methods 
D 618 shall be followed. 

Note 1. — Conditioning of specimens may be 
undertaken: (i) for the purpose of bringing the 
material into equilibrium with normal or average 
room conditions of 25 C. (77 F.) and 40 per cent 
relative humidity, {2) simply to obtain reproduci- 
ble results, regardless of previous history of ex- 
posure, or (J) to subject the material to abnonnaJ 
conditions of temperature or humidity in order 
to predict its service behavior. 

The conditioning prescribed in these meth- 
ods to obtain reproducible results may give 
physical values somewhat higher or somewhat 
lower than values under equilibrium at normal 
conditions, depending upon the particular ma- 
terial and test. To insure substantial equilib- 
rium under normal conditions of humidity and 
temperature, however, will require from 20 to 
100 days or more depending upon thickness and 
type of material and its previous history. Con- 
sequently, conditioning for reproducibility must 
of necessity be used for general purchase specifi- 
cations and product control tests. 

Note 2. — Conditioning of specimens for elec- 
trical tests is also necessary to obtain consistent 
results. The procedure for such conditioning is 
under consideration by the committee. In order 
to secure comparative results, specimens should 
be conditioned at the same temperature and 
humidity. 

Thickness 
Apparatus and Procedure 

4. {a) On Test Specimens . — In the 
test methods which follow, all thick- 
ness measurements shall be made using 
a machinist’s micrometer in the manner 
outlined under method B of the Stand- 
ard Methods of Test for Thickness of 
Solid Electrical Insulation (A.S.T.M. 
Designation: D 374) of the American 
Society for Testing Materials.^ 

(5) On Large Sheets , — In the factory,! 
measurements of large sheets of ma- 
terial may be made by using a gage 
mounted on a yoke of sufficient size 
and rigidity to permit accurate meas- 
urements in the center of the sheet. 


Results of comparative tests in several factories, 
measuring 36-m. square sheets by a variety of such devices, 
indicate that the trade is able to measure sheets 14 and 
H iu. iu thickness to an accuracy of 0.0015 in. (In the 
tests^ <r, or root mean square deviations, of 0.0005 in. were 
obtained.) 
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Tensile Strength 
T eHsiott Tests 

5. Except for conditioning as specified 
in Section 3 and for the description of 
test specimens as specified in Section 6, 
the tensile properties, including both 
ultimate strength and modulus of elas- 
ticity, shall be determined in accordance 
with the Tentative Method of Test for 


width at the center ITc shall be plus 
0,000 in., minus 0.004 in. compared with 
the width W at other parts of the reduced 
section. Any reduction in ' IF at the 
center shall be gradual with no abrupt 
change and equal on each side. 

(b) Five specimens cut.Iengthwise.and' 
five specimens cut crosswise of the sheet 
shall be tested. 



Thickness,® T, in. 


Dimension, in. in, or under Over H to in., Incl. lnc&^ Tolerances, 


Type I TypeII« Type I Type II « Type I 

G— Width overall 0.750 0.750 1.125 1.125 1,500 rfcO.OKi 

W— Width of flat section.. 0.500 0.2S0 0.750 0.375 1.000 -0.000 

+O.00S 

F-Lengthofflatsection 2.25 . 2.2S 2.25 2.25 2.25 ±0.016 

G—Gage length"^ 2.00 2.00 2.00 2.00 2.00 ±0.016 

D— Distance between grips® 4| 5i 4^ SJ 5i ±| 

L— Length overall i . . , . 8| 9 | 9| i0| 12 minimum 

Rad.~Radius of fillet 3 3 3 3 3 minimum 


® Tolerance on thickness shall be the standard for the grade of material tested. 

® For sheets of a nominal thickness over 1 in. the specimens shall be machined to 1.000 ± 0.010 in. in thickness. For 
thicknesses between 1 and 2 in. approximately equal amounts shall be machined from each surface. For thicker sheets 
both surfaces shall be machined and the location of the specimen with reference to the original thickness shall be noted. 

® The type 11 specimen shall be used for material from which the type I specimen does not give satisfactory failures 
in the gage length, such as for resin-impregnated compressed laminated wood. 

d Test marks only. 

Fig. L — Tension Test Specimen for Sheet and Plate Insulating Materials, 


Tensile Properties of Plastics (A.S.T.M. 
Designation: D 638).® 

Test Specimens 

6. (a) Test specimens shall conform 
to the dimensions shown in Fig. 1. No 
transverse scratches or grooves shall exist 
in the reduced section. Care shall be 
taken in machining to see that the 3-m. 
radius sections are not iindercut The 


Flexural Strength ^ 

For Materials -h or Over in Thickness^ 

Apparatus 

7. (a) Any universal testing machine 
may be used provided it is accurate to 
1 per cent of the lowest load to be 
applied. 

fi Coaventional flexure tests lu a flatwise direction are 
not recommended for materials thinner than in. nor in 
the edgewise direction for materials thinner than In. 
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(b) The specimen shall be tested as a 
simple beam loaded at the center. The 
supports and loading nose shall have 
contact edges rounded to a radius of 
I in. for material I in. or over in thick- 
ness, and to a radius of ^ in. for thinner 
materials. For material thinner than | 
in. both supports shall be provided with 
a pin or other stop to align one side of 
the specimen perpendicular to the line of 
contact with the supports. The dis- 
tance between the points of support 
shall be 4 in. for edgewise tests of all 
thicknesses and eight times the nominal 
thickness of the material for tests in the 
flatwise direction, except that the mini- 
mum span shall be | in. 

Test Specimens 

8. The test specimen shall be | in. 
in width except for specimens over | in. 
in thickness tested in the flatwise direc- 
tion, which shall have the width equal to 
the thickness of the specimen. The 
thickness shall be the full thickness of 
the sheet. The length shall be 1 in. 
greater than the distance between the 
points of support as specified in Sec- 
tion 7 (b). 

Procedure 

9. (a) The specimens shall be tested 
as follows: 

(i) Five specimens cut lengthwise 
of the sheet, tested flatwise, 

(<^) Five specimens cut lengthwise 
of the sheet, tested edgewise, 

(3) Five specimens cut crosswise of 
the sheet, tested flatwise, and 

(4) Five specimens cut crosswise of 
the sheet, tested edgewise. 

(b) Speed of Testing ,- — ^The crosshead 
speed of the testing machine shall be 
such that the load can be accurately 
weighed, but shall not exceed 0.050 in. 
per min. when the machine is running 
idle. 


Report 

10. The report shall include the fol- 
lowing: 

(1) The directions of cutting and 
loading of the specimen as specified in 
Section 9, 

(2) The thickness and width of each 
specimen in inches expressed to the 
nearest 0.001 in. or in centimeters ex- 
pressed to the nearest 0.025 mm., 

(J) The room temperature, 

{4) The breaking load of each speci- 
men in pounds or kilograms, and 

(5) The maximum fiber stress in 
pounds per square inch or kilograms per 
square centimeter calculated as follows: 

^ _ 3 H 
^ 2 bd'^ 

where: 

S == maximum fiber stress, 

P = breaking load in pounds or kilo- 
grams, 

I ~ distance between supports in 
inches or centimeters, 
b = width of specimen in inches or 
centimeters, and 

d— depth of specimen in inches or 
centimeters. 

Compressive Strength 
A pparatus 

IL The apparatus shall consist of the 
following: 

{a) Testing Machine , — ^Any universal 
testing machine of the constant rate of 
crosshead movement type may be used 
provided it is accurate to 1 per cent of 
the lowest load to be applied. 

(6) Compression Tool, — h. compression 
tool for applying the load to the test 
specimen. This tool shall be so con- 
structed that loading is truly axial, and 
so that the load is applied through sur- 
faces which are flat and parallel to the 
ends (or faces) of the specimen and are 
normal to the vertical axis of the sped- 
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men. A suitable form of compression 
tool is shown in Fig. 2 and consists of the 
following,: 

(i) Base Plate,— A hardened steel 
base, pkte, ,the upper surface of which is 
machined and polished to as flat a surface 
as nearly perfect as possible. 

(0) Plunger and Ball , — A hardened 
steel plunger, the lower end of which is 
machined and polished to a flatness as 
nearly perfect as possible and the upper 
end of which is machined and polished 
to a hollow hemisphere to receive a 


framework.. It,: shall be smooth and 
provided with adequate, lubrication, so, 
that negligible force, is required to move, 
the plunger freely throu,g,h the bushing. 

(5) -In.use, the base of this compression' 
tool shall be centered on the lower platen 
of the testing machine and contact with 
the top platen (or crosshead) shall be 
made between the hardened steel ball 
and a hardened steel plate attached to 
the top platen. 

Test Specimens 



Fig. 2. — Compression Tool. 


polished, hardened steel ball, the diame- 
ter of which approaches that of the 
plunger. 

(3) Guiding Framework,— A guiding 
framework attached to the base plate 
and holding the plunger so that its 
longitudinal axis is perpendicular to the 
surface of the base plate and so that its 
polished lower surface is parallel to the 
polished surface of the base plate within 
0.001 in. over the entire contact area. 

(4) Bushing , — ^A hardened steel bush- 
ing holding the plunger in the guiding 


12. {a) For sheets 1 in. in thickness or 
over, the test specimen shall be a 1-in. 
cube, the faces of which shall be flat and 
perpendicular to the axes, being ground 
to this condition if necessary. 

(6) For sheets less than 1 in. in thick- 
ness, the specimen shall consist of a pile 
of sheets 1 in. square with a minimum 
number of layers to produce a height of 
at least 1 in. 

Procedure 

13. (a) For sheets 1 in. in thickness or 
over, three specimens shall be tested in 
the condition in which they are received 
with the load applied flatwise, three 
specimens with the load applied edge- 
wise-lengthwise of the sheet, and three 
specimens with the load applied edge- 
wise-crosswise of the sheet. 

(&) For sheets less than 1 in. in thick- 
ness, three specimens shall be tested in 
the condition in which they are received 
with the load applied flatwise of the 
sheet. 

{c) Speed of The load shall 

be applied on the ends of the specimen 
and the crosshead speed of the testing 
machine shall be such that the load can 
be accurately weighed but shall not ex- 
ceed 0.050 in. per min. when the machine 
is running idle. For the best results the 
slowest possible speed should be used. 
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Report ■ : ■ ■ ^ 

'14. The report shall include the fol- 
lowing:,,. 

(1) : The dimensions of each specimen 
in inches expressed to the nearest 0.001 
in. or in centimeters expressed to the 
nearest : 0.025 mm.; 

(2) The direction of application of the 
load,.. , 

(J) The load on each specimen in 
pounds or kilograms at the first sign of 
failure, 

(4) ' The ultimate compressive strength 
in pounds per square inch or kilograms 
per square millimeter, of each specimen, 
calculated from the area of each speci- 
men measured before the load is applied, 

(5) The general character of the ma- 
terial tested, with a description of how 
it acts under the applied load, and 

(6) The room temperature. 

Resistance to Impact 
Test Specimens 

15. Specimens for the Charpy impact 
test may be notched or unnotched, as de- 
sired, according to conditions of service, 
and for .the Izod impact test shall be 
notched (Note). Specimens shall be 
cut both lengthwise and crosswise of the 
aheet. 

Note. — T he unnotched specimen gives a 
higher strength than the notched specimen, and 
the ratio of the strength of the unnotched sped- 
mem to that of the notched specimen varies with 
different, materials. 

Procedure 

16. Resistance to impact shall be deter- 
mined in accordance with the Tentative 
Methods of Test for Impact Resistance 
of Plastics and Electrical Insulating Ma- 
terials (A.S.T.M. Desi^^ D 256).® 

, Water Absorption , 
Purpose 

17. The water absorption tests are in- 
tended to determine the rate at which 


water is absorbed by the material when 
immersed and , the total quantity ab- 
sorbed at saturation. 

Note.— 'T he electrical properties of different 
materials are not necessarily affected to the 
same extent by the same increase in moisture 
content so that the water absorption test must 
be correlated with the desired electrical tests. 

The water immersion test and exposure to air 
of high humidity are not always directly com- 
parable and should be considered before sub- 
stituting one for the other. 

Method A. Rate of Absorption 
Procedure 

18. The rate of water absorption of all 
sheet and plate insulating materials 
shall be determined in accordance with 
the Standard Method of Test for Water 
Absorption of Plastics (A.S.T.M. Desig- 
nation: D 570).® 

Method B, Total Absorption at 
Saturation 

Test Specimens 

19. The test specimen shall be 3 by 1 
in. by the thickness of the material for 
materials | in. in thickness or less. For 
materials over | in. in thickness the 
specimen shall be 3 by | in. by the thick- 
ness of the material. It shall be sawed 
or sheared from the sample so as to have 
smooth edges free from cracks. The 
cut edges of all test specimens shall be 
finished with No. 0 or finer sandpaper 
or emery cloth. The sawing and sand- 
papering operations should be' slow 
enough so that the material is not 
heated appreciably. The thickness m 
inches to the nearest 0.001 in. shall be 
measured in the direction perpendicular 
to the faces of the original sample. 

Conditioning 

20. (a) To determine the total water 
absorbed at saturation, three specimens 
shall be tested individually, weighed, and 
then conditioned as described in Para- 
graphs (5) and (c)* 
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(i) Materials whose water absorption 
value would be appreciably affected by 
temperature in the neighborhood of 
110 C, shall be dried in an oven for 24 
hr. at 50 =b 3 G., cooled in a desiccator, 
and immediately reweighed. 

(<;) Specimens of materials such as 
phenolic laminated, and other products 
whose water absorption value has been 
shown not to be appreciably affected by 
temperatures up to 110 C. shall be dried 
in an oven for 1 hr, at 105 to 110 C. 

Procedtixe 

21, (a) The dried specimen shall be 
immersed in distilled water at 20 to 30 C. 
At the end of 24 hr. the specimen shall 
be removed from the water, the surface 
water wiped off with a dry cloth, and the 
specimen weighed immediately and then 
replaced in the water. The weighings 
shall be repeated every day for the first 
week and every week thereafter until the 
increase in weight, as shown by three 
consecutive weighings, averages less than 
1 per cent of the total increase in weight, 
when the specimen shall be considered 
to be saturated, 

(6) The difference between the satu- 
rated weight and the dry weight shall be 
considered as the water absorbed at 
saturation. 

Report 

22, The report shall include the test 
results for each of the three specimens as 
follows: 

(1) The original thickness of material 
measured to the nearest 0.001 in., 

(2) The percentage loss in weight on 
drying, calculated on the original weight, 

' ''and''';'''' 

(3) The percentage of water absorbed 
at saturation, calculated on the dry 
weight. 

■ Volatile Matter 
Test Specimens 

23, The test specimens shall conform 


to the requirements specified in Section " 

19. 

Procedure 

.24. To determine the volatile matter, 
'three specimens shall be tested individu- 
ally as follows: The specimen shall be ’ 
weighed, dried in an oven at 105 to 
110 C. . until ■ the decrease in , weight as 
shown by two consecutive weighings at 
least 24 hr. apart is less than 1 per cent 
of the total decrease in weight. The 
difference between the original weight 
and the dry weight shall be recorded as 
the volatile matter present in the speci- 
men as received (this includes in addi- 
tion to water any volatile solvent left 
during manufacture). The percentage 
of volatile matter shall be based on the 
weight of the dry specimen. 

Report 

25. The report shall include the test 
results for each of the three specimens 
and the average values as follows: 

(1) The original thickness of the ma- 
terial measured to the nearest 0.001 in., 
and 

(2) The percentage of volatile matter, 
based on the weight of the dry specimen. 

Dielectric Strength 
Dielectric Strength 

26. (a) Except as specified below in 
Sections 27 to 30, the dielectric strength 
shall be determined in accordance with 
the Standard Methods of Test for Dielec- 
tric Strength of Electrical Insulating Ma- 
terials at Commercial Power Frequencies 
(A.S.T.M. Designation: D 149).^ 

(6) Tests shall be made transverse or 
parallel to the flat sides, or both, de- 
pending upon whether the stress on the 
material when in use is to be transverse 
or parallel to the flat sides, or both. 

' Electrodes and Test Specimens 

27. (a) In the transverse direction of 
the specimen, the tests shall be made 
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between, ' Standard 2-in. electrodes 
(Note, I),:, 

Note.— Surface creepage and flashover at the 
Higher voltages may be prevented by pouring 
around the electrodes any high-grade insulating 
compound which will form a good bond with 
the material and with the electrodes. Sealing 
wax and phenolic resin varnish have been suc- 
cessfully used under certain conditions. In ap- 
plying this protective compound, care shall be 
taken to prevent voids under the edges of the 
electrodes, 

(6) For tests parallel to the flat sides 
(parallel with laminations in laminated 
sheets) the test specimens shall be | in. in 
width by 1 in. in length by the thickness 
of the material. Minimum thickness of 
material shall be | in. A hole shall be 
drilled in the approximate center of the 
1-in. length in a direction parallel with 
the flat sides, to a depth of iV in., leaving 
a thickness of in. to be tested. A snug 
fitting metal pin electrode, with the end 
ground to conform with the shape of the 
drill used, shall be inserted in the hole. 
The specimen shall be placed on a flat 
metal plate, which shall be at least 1| 
in. in diameter. This plate shall serve 
as the lower electrode. Thus, in effect, 
the material shall be tested parallel with 
the flat sides in a point-plane gap. The 
diameter of the hole shall be as shown in 
the following table: 

Nominal Hole 

Nominal Thickness Diameter for 

of Sheets, in. Pin Electrode, in. 

itoiincl ^ 

Over , I 

Conditioning 

28. (a) In the case of materials known 
to be affected by humidity, conditioning 
prior to dielectric strength test shall be 
carried out in accordance with the ma- 
terial specification applying to the ma- 
terial to be tested. 

(b) When materials are to be used at 
other than room temperature, their di- 


electric strength characteristic shall be 
determined over the operating range of 
temperature. Prior to test, specimens 
shall be exposed to each test temperature 
in a suitable temperature-control cham- 
ber for a period in minutes equal to one- 
half the thickness of the specimen in mils. 

Surrounding Medium 

29. All tests shall be made under oil, 
maintained at the same temperature as 
the test specimen. 

Procedure 

30. (a) Tests shall be made by either 
the short-time method or the step-by- 
step method. 

(b) In tests made by the short-time 
method, voltage shall be increased at 
the rate of 0.5 kv. per sec. 

(c) In tests made by the step-by- 
step method, the voltage at each step 
shall be applied for 1 min. The voltage 
shall be increased in increments as 
follows: 


Increment of 

Breakdown Voltage Increase of 

by Sbort-Time Method Test Voltage 

25 kv. or less 1.0 kv. 

Over 25 to 50 kv., incl. 2.0 kv. 

Over 50 to 100 kv., incl 5.0 kv. 

Over 100 kv. 10.0 kv. 


(d) At least five tests shall be made at 
each test temperature in the short-time 
method, and at least three tests in the 
step-by-step method. When the range 
of test temperatures is coffSiderable, 
tests should be made at not less than 
four temperatures, if a curve of dfelectric 
strength against temperature is desired. 

NoteI. — T he thickness of the section shall be 
measured prior to breakdown. This can be 
done conveniently by measuring the length of 
the electrode, then the combined length of the 
specimen and electrode with the electrode 
inserted in place. 

Note 2. — ^For sheets with exceptionally high 
dielectric strength, surface flashover may occur. 
Such cases should be noted in the report. 
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Phase Dieteeence' (PowEE Facxoe) ■ such that the load can be accurately 


' ■ AND , DiELECXEIC GONSTANX 
Procedure 

3L (d) The phase difference and di- 
electric constant shall be determined in 
■ accordance with the Tentative Methods 
of Test for Power Factor and Dielectric 
Constant of Electrical Insulating Ma- 
terials (A.S.TM. Designation: D 1S0).» 

(b) The phase difference and dielectric 
constant parallel with laminations shall 
be determined in accordance with the 
I Tentative Method of Test for Power 
Factor and Dielectric Constant Parallel 
with Laminations of Laminated Sheet 
and Plate Insulating Materials (A.S. 
T,M. Designation: D 669)*® 

, Bonding Strength ■ 

For Laminated Materials in, or 
Omr in Thickness 

NoTE.—The bonding strength value obtained 
depends upon the thickness of the specimen. 
Only specimens of the same thickness should be 
used for comparison purposes, preferably i in, 
in thickness or machined from a greater thickness 
to 0.500 rb 0.005 in. in thickness. 

Apparatus 

32. Any universal testing machine 
may be used, provided it is accurate to 
1 per cent of the lowest load to be ap- 
plied. The machine shall be fitted with 
a head containing a lO-mm. steel ball 

Test Specimens 

, 33. Test specimens shall be 1 in. 
square, smoothly and accurately cut on 
a smooth saw. 

Procedure 

34. {a) Five specimens shall be tested. 
These shall be placed on edge and the 
steel ball shall be accurately centered 
between the edges and ends of the 
specimen. 

iP) Speed of Testing , — The crosshead 
speed of the testing machine shall be 


weighed, but shall not exceed O.OSO in. 
per min. when the machine is running 

idle. 

Report 

35. The report shall include the, fol- 
lowing: 

(i) The thickness of the material, 

{Z) The load, expressed in pounds or 
kilograms, required to split the specimen, 
and 

(5) The room temperature. 

Rockwelt Hardness 
Apparatus 

36. The Rockwell hardness tester 
shall be used, conforming to the require- 
ments of the Standard Methods of Test 
for Rockwell Hardness and Rockwell 
Superficial Hardness of Metallic Mate- 
rials (A.S.T.M. Designation: E 18).® 

Test Specimens 

37. The specimen shall have a mini- 
mum thickness of \ in. The specimen 
may be composed of a pile-up of several 
pieces of the material of the same thick- 
ness, provided that precaution is taken 
that the surfaces of the pieces are in con- 
tact and not held apart by burrs from 
saw cuts, etc. The specimen shall be 
1 in. square if cut from sheet stock, or 
at least 1 sq. in. in area from other 
shapes. 

Procedure 

38. {a) The procedure described in 
A.S.T.M. 'Methods E 18 'shall be fol- 
lowed. The adjustment of speed of 
load application and the time of applica- 
tion of the major load are of great im- 
portance. The dash pdt on the Rock- 
well tester shall be so adjusted that the 
operating handle completes its travel in 
from 4 to 5 sec. with no specimen on the 
machine and with the machine set up 


« 1946 Book of A.S.T.M, Staodards, Parts I»A and I-B. 
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: to apply a major load of : 100 kg. When 
so adjusted the period taken for mecha- 
nism to come to a stop with the specimen 
in place will' vary from , about 5 to IS 
sec. depending upon particular specimen, 
the penetrator, and load used. In order 
to eliminate errors due to ^‘creeping/^ 
and to the possibility of weight arm 
descending far enough to rest on the 
lifting link or pin (Note) instead of on 
the specimen, the major load shall be 
removed from the specimen within 7 to 
8 sec. after the handle has been tripped, 
time being determined by a stopwatch. 
Readings shall be taken on either the M 
or R scale. The M scale requires a J-in. 
ball penetrator, a minor load of 10 kg., 
a major load of 100 kg., and the reading 
taken on the red scale. The R scale 
rebukes a |-in. ball penetrator, a minor 
load of 10 kg., a major load of 60 kg., 
and readings taken on the red scale. 
The Rockwell reading shall be taken to 
the maximum nearest full scale division 
reached within 45 sec. after removing 
the major load. 

Note. — If the arm rests on the link or pin, 
the load or the penetrator or both should be 
changed. 

(b) Unless otherwise specified in the 
individual methods or specifications for 
a particular material, the choice of scales 
to be used shall be determined as follows: 
If readings with the M scale show a 
total indentation of less than 150 scale 
divisions upon application of the major 
load, the M scale shall be used for the 
Rockwell test. If readings show a total 
indentation of 150 or more scale divisions 
the tester shall be changed to the R 
scale combination. The total indenta- 
tion shall be determined by the number 
of divisions the pointer passes through 
during 7.5 sec. from the time of tripping 
the handle. 

(c) All tests shall be made at a tem- 
perature of 25 zh 2 C. (77 zb 3.6 F.). 


(d) Care shall be taken that the test 
is not made so near the edge of the speci- 
men that it will break out when the 
major load is applied. 

(e) The specimen shall be supported 
in%uch a manner as to prevent errors due 
to overhang, when it does not balance 
itself on the anvil. 

(/) The readings shall be taken on the 
red scale and shall be recorded as fol- 
lows: Count the number of times the 
needle passes through zero on the red 
scale on the application of the major 
load. Subtract from this the number of 
times the needle passes through zero 
upon the removal of this load. If the 
difference is zero, the reading shall be re- 
corded as over 100. If the difference is 
1, the reading shall be recorded as be- 
tween 0 and 100, and, if the difference 
is 2, the reading shall be recorded as 
negative. 

Report 

39. The report shall include the fol- 
lowing: 

(1) The Rockwell hardness number 
read on the red scale. The letter M or 
R shall precede the Rockwell hardness 
number depending on the combination 
which has been used in determining the 
hardness. 

(2) The total thickness of the speci- 
men, and 

(J) The number of pieces in a speci- 
men and their average thickness. 

Ash 

Test Specimen 

40. The test specimen shall consist of 
2 to 5 g. of finely divided particles, such 
as millings or filings, of the material. 

Procedure 

41. The test specimen shall be dried 
for 2 hr. at 105 to 110 C., weighed, then 
ignited to constant weight in a crucible, 
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and weigh ' The, percentage of ash 
shall be calculated, based on the weight 
of the dried specimen. 

Flammability ^ 

Purpose , 

42. The test for flammability (Note) 
is intended to evaluate the tendency of 
the material to burst into flame under 
the continuous application of heat. 

Note.— T his test is not suitable for deter- 
mining the flammability of thermoplastic ma- 
terials. 

Apparatus 

43. The apparatus shall consist of the 
following: 

{a) Shielding Box , — A shielding box, 
made either of metal or wood, in which 
the test is conducted for the purpose of 
warding off air currents. This box 
shall be 12 by 24 in. by 16 in. in height 
and shall contain no front or top. 

(6) Resistance Wire , — Seven feet of 
No, 30 B. & S. gage nichrome wire hav- 
ing a resistance of 6.75 ohms per foot 
plus or minus S per cent. 

{c) An electrical connection for alter- 
nating or direct current of 110 v. 
Where necessary, the voltage may be 
brought to this value with a rheostat. 

(d) A stop watch, voltmeter, and 
stand clamp. 

Test Specimens 

44. The test specimen shall be 
smooth-sawed from sheets to dimensions 
of \ =b 0.005 in. by 1 ± 0.005 in, by 8 in. 
The edges of the specimen shall be 
notched by a milling machine. The 
notches shall be rectangular, ^ in. in 
depth and 0.015 in. in width, and shall 
be spaced 10 notches to the inch. Bind- 
ing posts shall be fastened at each end of 


the specimen. The resistance wire shall 
be wound firmly about the specimen into ' 
the notches, and the ends shall be fas- 
tened to the binding posts. 

Conditioning 

45. The test specimens shall be condh 
tioned for 24 hr. at 105 C. before test 
followed by cooling to room temperature 
in a desiccator. Tests shall be made 
at room temperature maintained at 
25 ± 8 0. 

Procedure 

46. Five specimens shall be tested. 
The shielding box shall be placed within 
a hood. The specimens shall be 
mounted on the stand clamp in a hori- 
zontal position with the laminations in a 
vertical position inside the box. The 
front of the hood shall be lowered to 
within 2 in. of the bottom. The starting 
switch shall be snapped on and at that 
instant the stop watch started. The 
voltage shall be ad justed to that specified 
and when the sample bursts into 
flame the watch shall be stopped and 
the time interval from the beginning of 
the test shall be recorded. 

Report 

47. The report shall state the number 
of seconds required for the specimen to 
burst into flame. 

Coefficient of Linear Thermal Expansion 

48. The coefficient of linear thermal 
expansion of all sheet and plate insulating 
materials shall be determined in accord- 
ance with the Standard Method of Test 
for Coefficient of Linear Thermal Ex- 
pansion of Plastics (A.ST.M. Designa- 
tion: D 696).® 



Standard Methods of Test for 
THICKNESS OF SOLID ELECTRICAL INSULATION* 



A,S,T.M. Designatioii: B 374 ~ 42 
Adopted, 1942.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 374; the final number indicates the year of original 
adoption as standard or, in the case of revision,, the year of last revision- 


Scope 

1. These methods cover procedures 
for determining the thickness of solid 
insulating materials, except rubber 
insulating tape and friction tape for 
electrical purposes. Three alternative 
procedures are described, as follows: 

Method A makes use of an adjusted 
ratchet micrometer together with a defi- 
nite manipulative procedure by which the 
pressure exerted on the specimen is 
controlled. 

Method B, known as the “feel” method, 
makes use of a machinist’s micrometer 
constructed without a ratchet, pressure 
on the specimen being controlled by 
stopping closure of the micrometer when 
resistance to movement of the specimen 
between the instrument surfaces is first 
observed. 

Method makes use of a dead weight 
dial micrometer, which is constructed 
so that measurements made with it are 
practically the same as those made with 
the method A ratchet micrometer. 


J Under the standardixation procedure of the Society, 
these methods are under the jurisdiction of the A.S.T,M. 
Committee D-9 on Electrical Insulating Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1933 to 1942, being revised in 
1934, 1936, and 1941. 


Method A and method C instruments 
may be used interchangeably. 

Note, — ^For determining the thickness of 
rubber insulating tape and friction tape for 
electrical purposes reference should be made to 
the Tentative Specifications for Rubber Insulat- 
ing Tape (A.S.T.M. Designation: D 119)® and 
for Friction Tape for General Use for Electrical 
Purposes (A.S.T.M. Designation: D69)® of the 
American Society for Testing Materials. 

Precision of Methods 

2. (a) Methods A and C are preferred 
as reference standard methods for use 
in cases of dispute. They are also pre- 
ferred for the measurement of compres- 
sible materials such as untreated paper 
and fabrics, as well as for the measure- 
ment of rigid materials. The maximum 
error (instrumental plus manipulative) 
of methods A and C is of the order of 
0.0003 in. 

(b) Method B may be used on rigid 
materials or on yielding materials where 
it is necessary to measure the specimen 
with practically no compression or de- 
formation. The maximum error of 
method B is approximately 0.0005 in., 
except on unusually compressible ma- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.TM, Designations at front of booh. 
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terials, where the error will be somewhat' ' 0.005 in.) more than the specimen thick- 


greater. 

Method A. Machinist's Micrometer 
■ With Ratchet 

ApparatES 

3. The instrument used for deter- 
mining thickness by Method A shall be 
a 1-in. machinist's type micrometer 
without a locking device. It shall be 
constructed with a vernier reading to 
0.1 mil (0.0001 in.) and with a ratchet or 
similar mechanism for controlling meas- 
uring pressure, and shall have anvil and 
spindle surfaces 0.250 =b 0.001 in. in 
diameter. The instrument shall con- 
form to the requirements for flatness 
and parallelism of micrometer surfaces, 
zero reading, wear of micrometer screw, 
permissible micrometer screw error, and 
ratchet pressure specified in Sections 11 
to 16. The micrometer shall be tested 
and calibrated periodically for conform- 
ity to these requirements. 

Procedure 

4. (a) Before starting measurements 
of thickness the micrometer shall be 
closed on the specimen at a location 
outside the area to be measured. The 
micrometer shall then be opened not 
more than 4 or 5 mils (0.004 or 0,005 in.) 
and then moved into the area selected 
for measurement. Using the ratchet, 
the micrometer surfaces shall be closed 
so slowly on the specimen that the mil 
scale divisions may be easily counted 
as they move past the reference mark, 
or at a rate of about 2 mils (0.002 in.) 
per second. The closing motion shall be 
continued at the same rate until the 
ratchet has clicked three times, and then 
the thickness shall be read by means of 
the vernier. 

(b) In moving from one measurement 
location to another this operation shall 
be repeated, never opening the microm- 
eter more than 4 or 5 mils (0.004 or 


ness. 

(c) In making a : measurement, all 
points on the peripheries of the microm- 
eter surfaces shall be at least | in, from 
the edges of the specimen. 

.Method B. Machinist's Microm- 
eter Without Ratchet : ... 

Apparatus 

5 . The instrument used for deter- 
mining thickness by Method B shall be 
a 1-in. machinist's type micrometer 
without a locking device. It shall be 
constructed with a vernier reading to 
0.1 mil (0.0001 in.) and with anvil and 
spindle surfaces 0.250 d= 0.001 in. in 
diameter. The instrument shall con- 
form to the requirements for flatness and 
parallelism of micrometer surfaces, zero 
reading, and permissible micrometer 
screw error specified in Sections 11 to 13 
and 15. The micrometer shall be tested 
and calibrated periodically for con- 
formity to these requirements. 

Procedure 

6. (a) In the determination of thick- 
ness the micrometer shall be slowly 
closed on the specimen until contact 
is made without appreciable distor- 
tion of the specimen. The criterion 
of contact is the initial develop- 
ment of frictional resistance to move- 
ment of the specimen between the 
micrometer surfaces. The thickness 
shall then be read by means of the 
vernier. 

(b) In moving from one measurement 
location to another this operation shall 
be repeated, never opening the microm- 
eter more than 4 or 5 mils (0.004 or 
0.005 in.) more than the specimen thick- 
. ness..' 

(c) In m,aking'; a .measurement, all 
points on the peripheries of the microm- 
eter surfaces shall be at least J in. from 
the edges of the specimen. 
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■ Method^ ■ G. . Dead, Weight Dial 
, . Micrometer 

Apparatus 

'7, {a) The micrometer shall be a dead 
weight dial type micrometer, having 
two ground and lapped circular surfaces, 
each 0,250 di: 0.001 in. in diameter, and 
shall have a capacity of not less than 
0.170 m. ' 

(&) The surfaces shall be parallel to 
within 0.0001 in. and shall move on an 
axis perpendicular to themselves. 

{c) The pressure exerted on the speci- 
men shall be within the limits of 23 and 
27 psL 

(d) The dial spindle shall be vertical 
and the dial shall be at least 2 in. in 
diameter. It shall be continuously grad- 
uated to read directly to 0.0001 in. and 
shall be equipped with a telltale hand, 
recording the number of complete revolu- 
tions of the large hand. The dial indi- 
cator mechanism shall be full jeweled. 

(e) The micrometer shall be capable 
of repeating its readings to O.OOOOS in. 
at zero setting or on a steel gage block. 

(/) Measurements made on standard 
steel gages shall be within the following 
tolerances: 

Permissible Deviation 
of Reading from Actual 
Thickness of Standard 
Inttirvals, in. Steel Gage, in. 

0 to 0.01.... 0.0001 

Over 0.01 0.0005 

(g) The deviations for the parts of 
the scale corresponding to the paper 
thickness measured, shall be applied as 
corrections to the thickness reading. 

{h) The frame of the micrometer shall 
be so rigid that a load of 3 lb. applied 
to the dial housing, out of contact with 
either the weight or the presser foot 
spindle, will produce a deflection of the 
frame not greater than 0.0001 in., as 
indicated on the micrometer dial. 


Procedure 

8. (a) The micrometer shall be placed 
on a solid, level table, free from exces- 
sive vibration. The specimen shall be 
placed between the micrometer surfaces 
and the presser foot lowered on the 
specimen at a location outside the area 
to be measured. The presser foot shall 
then be raised a distance ofl 0.3 to 4.0 
mils, the specimen moved to the meas- 
urement position and the presser foot 
dropped onto the specimen. 

Note. — ^The procedure described in Para- 
graph (a) minimizes small errors present when 
the presser foot is lowered slowly on the speci- 
men. Care should be taken not to raise the 
• presser foot more than 0.4 mil above the position 
of rest on the specimen surface. 

(6) In making a measurement, all 
points on the peripheries of the microm- 
eter surfaces shall be at least J in. from 
the edges of the specimen. 

(c) For each succeeding measurement, 
the presser foot shall be raised 0.3 to 
0.4 mils, the specimen moved to the 
next measurement location and the pres- 
ser foot dropped. 

id) When compressible papers or 
fabrics are measured, a slight settling of 
the presser foot occurs. To minimize 
the errors produced by this effect, the 
reading of the dial indication should be 
deferred until the presser foot has been 
supported by the specimen for at least 
2 sec., or until the micrometer hand 
becomes stationary. 

Calibration of Micrometers 

Cleaning Surfaces of Maclimist’s and 

Dial Micrometers 

9. Before and during instrument cali- 
bration and thickness measurements, 
the micrometer surfaces shall be main- 
tained in a clean condition by lightly 
closing them on a clean sheet of smooth 
bond paper and moving the paper be- 
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tween the surfaces.' To minimize the 
danger of the presence of lint, the - edge 
of the paper should not be pulled be- 
tween the, surfaces. 

Calibration^ of Machinist’s Micrometers 

10. (a) Method A Micrometer —In the 
calibration of controlled pressure mi- 
crometers used in Method A, the mi- 
crometer shall be closed on the gage or 
calibrating device and then opened 4 or 
5 mils (0.004 or 0.005 in.). Using the 
ratchet, the micrometer shall be again 
closed so slowly on the calibrating device 
tliat the mil scale divisions may be easily 
counted as they move past the reference 
mark, or at the rate of about 2 mils 
(0,002 in.) per sec. The closing motion 
shall be continued at the same rate until 
the ratchet has clicked three times, when 
the reading shall be taken. 

(6) Method B Micrometer, — In the 
calibration of micrometers used in 
Method B the micrometer shall be 
slowly closed on the gage or calibrating 
device until contact of the surfaces and 
gage is made. The criterion of contact is 
the initial development of frictional 
resistance to movement of the gage 
device between the micrometer surfaces. 

Flatness of Surfaces of Machinist’s Mi- 
, crometers. ' 

11. The anvil and spindle surfaces of 
the machinist’s micrometer shall be flat 
to within 0.00005 in. The flatness may 
be determined by use of an optical fiat. 
After cleaning the surfaces of the flat and 
the micrometer (Section 9) the latter 
shall be closed on the flat as described 
in Section 10 (o) or (5). When illumi- 
nated by diffused daylight, interference 
bands are formed between the surfaces 
of the flat and those of the micrometer. 
The location, shape, and number of these 
bands indicates the deviation from flat- 
ness in increments of half the average 


of the wave lengths of white light, which 
is taken as 0.00001 in. 

Kjiat surface forms straight, parallel 
and equidistant fringes. 

■ A grooved surface forms straight paral- 
lel fringes at unequal intervals. The 
estimated maximum displacement of 
any line from its normal position, where J 
all lines would be equidistant, is a meas- 
ure of deviation from flatness. 

K symmetrical concave or : convex sur- 
face forms concentric circular fringes, 
and their number is a measure of devia- 
tion from flatness. 

An unsymmetrical concave or convex 
surface forms a series of curved fringes, 
cutting the periphery of the micrometer 
surface. The number of fringes cut by 
a straight line connecting the termini of 
any fringe is a measure of the deviation 

from flatness. 

. 

Parallelism of Surfaces of Machinist’s 

Micrometers 

12. The anvil and spindle surfaces of 
the machinist’s micrometer shall be par- 
allel to each other to less than 0,0001 in. 
when tested with a pair of screw-thread- 
pitch wires or with a pair of |-in. nomi- 
nal diameter plug gages. The diameters 
of the screw-thread-pitch wires or the 
plug gages, accurate to 0.00002 in., shaE 
differ by an amount approximately equal 
to the axial movement of the spindle 
when rotated through 180 deg. (12.5 
mils). The micrometer shall be closed 
on the wires or on the plug gages accord- 
ing to the procedure described in Sec- 
tion 10 (a) or (&). Observations made 
with, either wire or with either plug gage 
placed at any location between the 
surfaces shaU show differences of less / 
than 0.0001 in. 

Zero Reading of Machinist’s Micrometers 

13. The position of the anvil shaE be 
.such that a zero reading is: obtained 
when the machinist’s micrometer is 
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closed on, the anvil as described in Sec- 
tion 10 (a) or (6). ; Ten trials shall give 
ten readings of zero; The condition of 
zero reading is satisfied when examina- 
tions with a low-power magnifying glass 
show that at least two-thirds of the 
widths of the zero graduation on the 
barrel and that of the reference mark 
coincide with each other. 

Wear of Machinist’s Micrometer Screw 

14. The device for compensating for 
wear of the micrometer screw shall be 
adjusted so that the spindle has no per- 
ceptible lateral or longitudinal looseness, 
and yet may be rotated with a torque 
load of not more than J in-oz. 

Permissible Error in Machinist’s Mi- 
crometer Screw 

15. The micrometer screw error, after 
zero adjustment is made, shall be 
checked at 2, 5, and 10 mils, and at 
intervals of 100 mils over the remaining 
graduated scale. For checks up to and 
including a thickness of 10 mils, selected 
gage blades the thicknesses of which are 
known to plus or minus 0.00002 in. shall 
be used. Checks at values greater than 
10 mils shall be made with standard 
gage blocks. At each value checked, 
ten readings shall be taken and the 
arithmetic mean of these ten readings 
shall not differ from the thickness of the 
gage used by more than 0,1 mil (0.0001 
in.). Manipulation of the instrument 
in these checks shall be in accordance 
with Section 10 (a) or (6). 


Ratchet Pressure, Me'thod A Machinist’s 

Micrometer 

16. The ratchet shall be so adjusted 
that a pressure of not more than 27 nor 
less than 23 psi. is developed when the 
spindle surface is contacted with a 
polished steel surface as described in 
Section 10 (a). 

Calibration of Dial Micrometer 

17. (a) In making these calibration 
measurements, the presser foot shall be 
raised from 0.3 to 0.4 mils above the 
position of contact with the steel ball 
or gage. After dropping the presser 
foot from the elevated position, the 
thickness reading shall be observed. 

(b) Parallelism of Surfaces —K hard- 
ened steel bail about in. in diameter, 
fixed firmly in a flat metal handle about 
^ in. in thickness, shall be measured at 
several locations bn the micrometer sur- 
faces, and the maximum variations of 
readings noted. 

{c) Accuracy of Scale Divisions.— The 
instrument shall be set at zero and 
standard gages, the thickness of which 
is known to within 0.00001 in., shall be 
measured. 

{d) Pressure . — ^The pressure applied 
to the presser foot spindle and weight 
necessary to move the pointer upward 
from the zero position shall not be 
greater than 650 g. The pressure ap- 
plied to the presser foot spindle and 
weight necessary to just prevent move’ 
ment of the pointer from a positive 
toward a lower reading shall not be 
less than 500 g. 
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A.S,T.M. Designatioa: D 348 “46 
Adopted, 1939; Revised, 1942, 1946/ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 348; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1* These methods cover the proce- 
dures for testing laminated tubes to 
be used as electrical insulation. 

Conditioning 

2. In order to eliminate the effects of 
previous history of humidity exposure 
and to obtain reproducible results (Note 
1), the test specimens of laminated tubes 
shall be given a conditioning treatment 
for physical tests (Note 2) as follows: 

(а) Diametrical Compressive Strength, 
—The machined specimens shall be con- 
ditioned prior to test by drying in an 
air-circulated oven at 50 ± 3 C. for 48 
hr., followed by cooling to room tem- 
perature in a desiccator. All specimens 
shall be tested at room temperature 
maintained at 25 dz 8 C. 

(б) Tensile and Axial Compressive 
Strength, Density —l!Ao conditioning of 
specimens is required except in case of 
dispute, in which case the specimens 
shall be conditioned for 48 hr. at 50 
± 3 C. In either case all specimens 

1 Under the standardiisation procedure of the Society, 
these methods are under the jurisdiction of the A,S.T.M, 
Committee I>-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1932 to 1939, being revised in 
1932, 1934, 1935, and 1938. 


shall be tested at room temperature 
maintained at 25 dz 8 C. 

Note 1. — ^Conditioning of specimens may be 
undertaken: (a) for the purpose of bringing the 
material into equilibrium with normal or average 
room conditions of 25 C. and 40 per cent relative 
humidity; (b) simply to obtain reproducible re- 
sults, irrespective of previous history of expo- 
sure; or (c) to subject the material to abnormal 
conditions of temperature or humidity in order 
to predict its service behavior. 

The conditions given here to obtain repro- 
ducible results may give physical values some- 
what higher or somewhat lower than values 
under equilibrium at normal conditions, depend- 
ing upon the particular material and test. To 
insure substantial equilibrium under normal 
conditions of humidity and temperature, how- 
ever, will require from 20 to 100 days or more 
depending upon thickness and type of material 
and its previous history. Consequently, con- 
ditioning for reproducibility must of necessity 
be used for general purchase specifications and 
product control tests. 

Note 2. — Conditioning of specimens for elec- 
trical tests is also necessary to obtain consistent 
results. The procedure for such conditioning 
is under consideration by the committee. In 
order to secure comparative results, specimens 
should be conditioned at the same temperature 
and humidity. 

Dimensional Measurements 
3, Dimensional measurements of tubes 
shall be made in accordance with the 
Standard Methods of Measuring Dimen- 
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sioiis of ' Rigid Tubes Used in Electrical 
Insulation • : , (A.S.T.M. ^ Designation: 

D 668)A, , 

. Tensile Steekgtii' 
Apparatus, 

4. Any universal testing machine may 
be used provided it is accurate to 1 per 
cent of the lowest load to be applied. 
Jaws which tighten under load, such as 
wedge-grip jaws, shall be used with the 
specimen properly aligned. Steel or 
brass plugs, 3| in. in length and of a 
suitable diameter, with edges rounded to 
3 ?g-“in. radius will be required. The 
plugs shall fit the specimen within 0.010 
in. They can conveniently be located 
in the tube by separating and supporting 
them on a metal rod, the lower end of 
which is screwed into the lower plug 
and the upper end of which rests in a 
loose socket as shown in Fig. 1. 



Test Specimens 

5. The test specimens shall be 12 in. 
in length. When the wall thickness of 
tubing is | in. or over, a groove I in. 
in width and in. in depth with corners 
rounded to a radius of 3 in. shall be 
made around the tube at the center. 

8 Appears in this publicationj see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of hook. 


Procedure 

6. (a) Five specimens shall be tested. 
The average inside and outside diameters 
determined from at least two measure- 
ments 90 deg. apart shall be measured 
at the groove to thd nearest 0.001 in. 
and the cross-sectional area shall be cal- 
culated from these dimensions. The 
metal plugs shall be assembled with the 
tube as shown in Fig. 1. This assembly 
shall then be grasped in the V-notched 
jaws of the testing machine. 

(b) Speed of Testing , — The crosshead 
speed of the testing machine shall be 
such that the load can be accurately 
weighed but shall not exceed 0.050 in. per 
min. when the machine is running idle. 

Report 

7. The report shall include the follow- 
ing: 

(1) The average inside and outside 
diameters of the specimen expressed to 
the nearest 0.001 in., each determined 
from at least two measurements 90 deg. 
apart, 

(2) The average outside diameter of 
the reduced section expressed to the 
nearest 0.001 in., if a groove was used, 

(3) The full wall thickness of the 
specimen, 

(4) The net area of the test section, 

(5) The breaking load of each speci- 
men in pounds, 

(6) The tensile strength of each speci- 
men in pounds per square inch, and 

(7) The room temperature. 

Compressive Strength 
Apparatus 

8. Any universal testing machine may 
be used provided it is accurate to 1 per 
cent of the lowest load to be ap- 
plied. One end of the specimen shall 
bear upon an accurately centered spheri- 
cal bearing block, located whenever 
practicable at the top. The metal 
bearing plates shall be directly in con- 
tact with the test specimen. 
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Test Speciinens . ■ : ^ ■ 

, ' ,v9.. Samples sliall be tested as-received 
'm , specimen 1 in. ^ Care ' shall 

be.' taken ill cutting the test specimens- 
for the axial test to have the ends of the 
specimens cut accurately at right angles 
to the axis of the tube. Specimens 
which are not cut squarely are likely 
to give low results on test 

Procedure 

10. (a) Five specimens shall be tested 
axially, with the load applied perpendic- 
ular to the faces or ends of the specimen, 
and five specimens shall be tested dia- 
metrically, with the load applied per- 
pendicular to the tangent at point of 
application. 

(b) Speed of Testing. — The crosshead 
speed of the testing machine shall be 
such that the load can be accurately 
weighed but shall not exceed 0.050 in 
per min. when the machine is running 
idle. 

Report 

11, The report shall include the follow- 
ing: 

(1) The average inside and outside 
diameters of the specimen expressed to 
the nearest 0.001 in., each determined 
from at least two measurements 90 deg. 
apart, 

(2) The average wall thickness of the 
specimen expressed to the nearest 0.001 

(3) The direction of application of the 
load, 

(4) The load on each specimen at the 
first sign of rupture, in pounds, and 

(5) The ultimate compressive strength 
in pounds per square inch calculated 
from the data obtained on the applica- 
tion of the load perpendicular to the 
face of the specimen. 


Water Absorption 
Procedure: 

12. The rate of water absorption shall 
be determined in accordance with the 
Standard Method of Test for - Water 
Absorption of Plastics, (A.S.T.M., Desig- 
nation: D 570) of the American Society 
for Testing Materials.® 

, Density : 

Test Specimens 

13. Any suitable size specimen may 
be used. The specimen 1 in. in length 
used for the water absorption test 
(Section 12) will be found convenient. 

Procedure 

14. Two specimens shall be tested. 
Any suitable weight-difference appa- 
ratus for making readings in water and 
in air, or the weight and dimensions of 
the specimen, may be used as a basis 
for calculating the density. 

Report 

15. The report shall express the 
density in c. g; s. units. 

Dielectric Strength 
Dielectric Strength 

16. {a) Except as specified below in 
Sections 17 to 22, the dielectric strength 
shall be determined in accordance with 
the Standard, Methods of Test for Di- 
electric Strength of Electrical Insulating 
Materials at Commercial Power Fre- 
quencies (A.S.T.M. Designation: D 149).® 

(6) Tests shall be made transverse or 
parallel with the wall of the tube, or both, 
depending upon whether the stress on the 
tube when in use is to be transverse or 
parallel with the wall, or both. 

Electrodes and Test Specimens 

17. (a) For Testing in Transverse 
Direction.— The inner electrode, shall 
consist of a brass. rod, 3 in. in length; with 
edges rounded to a l-in. radius, and of 
such diameter that it fits snugly inside 
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the' tube to be tested The outer elec- 
trode shall consist of a strip of metal foil 
2| in. in width and long enough to extend 
around the Gircumference of the tube. 
The test specimen shall be at least 12 in. 
in.length. 

(p) For Testing Parallel with Lamina- 
tions— Tht test specimens shall be § in. 
in length. A hole shall be drilled into 
one end of the test specimen in the 
approximate center of the wall parallel 
with the major axis of the tube to a 
depth of in. leaving a thickness of * 
in. to be tested. A snug-fitting metal-pin 
electrode, with the end ground to con- 
form with the shape of the drill used, 
shall be inserted in the hole. The 
specimen shall be placed on a flat metal 
plate having a diameter at least | in. 
greater than that of the specimen. This 
plate shall serve as the lower electrode. 
Thus, in effect, the material shall be 
tested parallel with lamination in a 
point-plane gap. The diameter of the 
hole shall be as shown in the following 
table: 

Nominal Hole 

Nominal Wall Thickness Diameter for Pin 

of Tubes, in. Electrode, in. 

J to i, mcL. A- 

Over! I 

Note.— For tubes with exceptionally high 
dielectric strength, surface flashover may occur. 
Such cases shall be noted in the report. 

Conditioning ' 

18. {a) Unless otherwise specified, all 
test specimens shall be conditioned for 
48 hr. at SO =b 3 C. in a circulating air 
oven prior to testing. After removal 
from oven, specimens shall be permitted 
to cool to room temperature in a desic- 
cator over anhydrous calcium chloride. 

(5) In the case of tubes to be used at 
other than room temperature, the di- 
electric strength characteristics shall be 
determined over the operating range of 
temperature. Prior to test, specimens 
previously conditioned as described in 


Paragraph (a) shall be exposed to each 
test temperature in a suitable tempera- 
ture-control chamber for a period in 
minutes equal to one half the wall thick- 
ness of the specimen in mils. 

Surrounding Medium 

19. The specimens shall be tested 
immersed in oil maintained at the 
temperature of the test specimen. 

Procedure 

20. (a) Tests shall be made by either 
the short-time method or the step-by- 
step method. 

(&) In tests made by the short-time 
method, the voltage shall be increased at 
the rate of 0.5 kv. per sec. 

In tests made by the step-by-step 
method, the voltage at each step shaE 
be applied for 1 min. The voltage shaE 
be increased in increments as follows : 

Increment of 


Breakdown Voltage by increase of 

Short-Time Method Test Voltage 

25 kv. or less. 1.0 kv. 

Over 25 to 50 kv., incl 2.0 kv. 

Over 50 to 100 kv., incl. ....... 5.0 kv. 

Over 100 kv.. 10.0 kv. 


Number of Tests 

21. At least five tests shall be made 
at each temperature in the short-time 
method, and at least three tests in the 
step-by-step method. When the range 
of test temperatures is considerable, tests 
should be made at not less than five 
temperatures, if a curve of dielectric 
strength against temperature is desired. 

Report 

22. The report shall include the 
following: 

(i) A description of the material 
including name, type, grade, color, size, 
and name of the manufacturer. 

{2) A statement of the direction of 
dielectric stress application whether 
transverse to or parallel with laminations. 

(3) The conditioning treatment which 
the specimens have received. 
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(4) A statement of the procedure used, 
whether short-time method or step-by- 
Atepuaethod. 

(5) Nominal wall thickness of the tube 
in inches. 

(d) The maximum, minimum, and 
average puncture voltage in kilovolts 
and volts per mil (Note). 

(7) Duration of test, if step-by-step 
method, including the initially applied 
voltage in kilovolts. 

( 8 ) The temperature of the test speci- 
men. 

( 9 ) The size and type of electrodes. 

Note. — To calculate the volts per mil, the 
wall thickness in transverse tests on material 
undisturbed by breakdown But as near the point 
of breakdown as possible shall be used. For 


tests parallel with laminations, the thickness of 
the section shall be measured prior to breakdown. 
This can be conveniently done by measuring the 
length of the electrode, then the combined 
length of the specimen and electrode with the 
electrode inserted in place 

Phase Difference (Power Factor) 
and Dielectric Constant ■ ^ 

Phase Difference " and ' Dielectric 

Constant 

23. The phase difference and dielectric 
constant shall be determined in accord- 
ance with the Tentative Methods of Test 
for Power Factor and Dielectric Con- 
stant of Electrical Insulating Materials 
(A.S.T.M. Designation: D 150) of the 
American Society for Testing Materials.^ 



Standard Methods of 

MEASURING DIMENSIONS OF RIGID TUBES USED IN 
ELECTRICAL INSULATION' 



A.S.T.M* Designation: D 668 - 44 
Adopted, 1944.* 

TMs Standard of tlie American Society for Testing Materials is issued under 
the fixed designation D 668; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for measuring the dimensions of all rigid 
tubes used in electrical insulation, the 
limitations imposed being those of the 
size range of the more common forms of 
measuring instruments used. 

Conditioning 

2. In cases of disagreement between 
the seller and the purchaser because of 
dimensional changes resulting from 
changes in temperature and humidity, 
all specimens shall be conditioned for 
48 hr. at 25 rb 1 C. and 50 ± 2 per cent 
relative humidity, and measured under 
these conditions. Measurements by 
both interested parties shall be made 
within a three-week period. 

Method of Measurement 

3. All measurements shall be made in 
accordance with the procedures de- 
scribed in the Standard Methods of 
Test for Thickness of Solid Electrical 
Insulation (A.S.T.M. Designation: 

^ Under the standardization procedure of the Society, 
these methods are under the Jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1942 to 194;4. 


D 374) of the American Society for Test- 
ing Materials,® as applicable. The mi- 
crometer or vernier calipers shall be slowly 
closed on the specimen until contact is 
made without appreciable distortion of 
the specimen. The criterion of contact 
is the initial development of frictional 
resistance to movement of the speci- 
men between the micrometer or caliper 
surfaces. 

Length of Tubes 12 in. and Under in 

Length 

4, (u) Apparatus . — A standard ma- 
chinist’s micrometer or vernier calipers 
of suitable size reading to 1 mil (0.001 
in.) shall be used. 

(6) Test Specimens —Specimms shall 
consist of tubes cut to lengths of 12 in. 
and under. 

((;) Procedure . — ^The length of the 
specimen shall be measured to the near- 
est 0.001 in. Four measurements shall 
be made at points 90 deg. apart around 
the circumference of the specimen. 

{d) Report . — ^The average of the meas- 
urements taken shaU be reported as 
the length of the tube. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S,T.M. Designations at front of book. 



58 Methods ; OF Meastoing Rigid 

Length of Tubes Over 12 in. in Length . 

5, (a) "Apparatus»—A machinist's pre- 
Gision steel tape or steel scale of suitable 
length graduated in 'i^ in, shall be used. 

{b) Test Specimem.—Specimms shall 
consist of tubes over 12 in. in length, 
including full lengths. 

(c) Procedure— The length of the 

specimen shall be measured to the near- 
est in. Four measurements shall 

be made at points 90 deg. apart around 
the circumference of the specimen. 

(d) Report — ^The average of the meas- 
urements taken shall be reported as the 
length of the tube. 

Outside Diameter 

6. {a) Apparatus. — A standard ma- 
chinist’s micrometer or vernier calipers 
reading to 1 mil (0.001 in.) shall be used 
(Note), 

Note. — ^W here the number of tests to be 
made or the specifications covering the tube 
justify its use, an accurately calibrated “go- 
and-no-go*^ ring gage of suitable size may be 
used. 

(6) Test Specimens. — Specimens shall 
consist of tubes 12 in. and under in out- 
side diameter. 

{c) Procedure. — The outside diam- 
eter of the specimen shall be measured 
to the nearest 0.001 in. Four measure- 
ments shall be made at points 45 deg. 
apart around the circumference at each 
end and at the middle of the specimen. 

{d) Report — ^The average of the 12 
measurements taken shall be reported 
as the outside diameter of the tube, 

Variatioii in Outside Diameter 

7. {a) Definition. — Variation in out- 
side diameter is defined as the greatest 
difference in measurements of the outside 
diameter. 

(h) Apparatus . — standard machin- 
ist’s micrometer or vernier calipers 
reading to 1 mil (0.001 in.) shall be used. 

(c) Test Specimen. — Specimens shall 
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consist of tubes 12' in. and under in out- 
side diameter. 

{d) Procedure.— The outside diameter 
of the specimen shall be measured to the 
nearest 0.001 in. A series of measure- 
ments shall be made around the circum- 
ference of the specimen at each end and 
at the center to determine the maximum 
and minimum values. 

{e) Report. — ^The difference between 
the maximum and minimum values shall 
be reported as the variation in outside 
diameter. All measurements taken shall 
also be reported. 

Inside Diameter 

8. {a) Apparatus. — A machinist’s in- 
side micrometer or vernier calipers of 
suitable size reading to 1 mil (0.001 in.) 
shall preferably be used, although a 
combination of telescoping gage and 
standard machinist’s outside micrometer 
may be used (Note), 

Note. — ^W bere the number of tests to be 
made or the specifications covering the tube 
justify its use, an accurately calibrated ^%o- 
and-no-go” plug gage of suitable size may be 
used. 

{h) Test Specimen. — Specimens shall 
consist of tubes whose inside diameter 
is not over 12 in., nor under I in. 

(c) Procedure. — ^The inside diameter 
of the specimen shall be measured to 
the nearest 0.001 in. Four measure- 
ments shall be made at points 45 deg. 
apart around the circumference at each 
end of the specimen. 

(d) Report. — ^The average of the meas- 
urements taken shall be reported as the 
inside diameter of the tube. 

Wall Thickness 

9. {a) Apparatus. —■ A ball foot 
micrometer or suitable vernier calipers 
reading to 1 mil (0.001 in.) shall be used 
for the measurement of tubes in. 
and over in inside diameter. A dial 
micrometer reading to 1 mil (0.001 in.) 
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shall be used for the measurement of 
tubes under 1 ^' in. in inside diameter. 

(&) Test Specimens. — Specimens shall 
consist of tubes of any length or diam- 
eter.. 

(c) Procedure, — The wall thickness 
shall be measured to the nearest 0.001 in. 

For tubes in. and over in inside 
diameter, four measurements shall be 
taken at points 90 deg. apart around the 
circumference at each end of the speci- 
men. ■ 

For tubes under in. in inside diam- 
eter, the wall thickness shall be meas- 
ured by placing the specimen over a 
mandrel of slightly smaller diameter 
which is fixed in position at right angles 
relative to the spindle of the dial microm- 
eter. A zero setting shall be noted with 
the spindle against the pin. Then the 
specimen shall be placed over the pin 
and readings taken at various points 
around the circumference of the speci- 
men. At least four readings shall be 
taken. 

(d) Report. — ^llie average of the meas- 
urements taken shall be reported as the 
wall thickness of the tube. 

Variations in W all Thickness 

10. {a) Definition. — Variation in wall 
thickness is defined as the difference be- 
tween high or low measurements. 

(&) Apparatus. — The apparatus shall 
be the same as specified in Section 9 {a) . 

{c) Test Specimens. — Specimens shall 
consist of tubes of any length or diam- 
eter. 

(d) Procedure. — The wall thickness 
shall be measured to the nearest 0.001 in. 

For tubes ^ in. and over in inside 
diameter, a series of measurements shall 
be made around each end of the speci- 
men. 

For tubes under in. in inside diam- 
eter, the variation in wall thickness 
shall be measured by rotating the 


specimen around the mandrel and fol- 
lowing the general procedure described 
in Section 9 {c) for tubes of this size. 

{e) Report. — The difference between 
the maximum and minimum values, 
shall be reported as the variation in 
wall thickness. All measurements taken 
shall also be reported. 

Warp 

11. (fl) Apparatus. — A horizontal flat 
surface and a rigid bar with a vertically 
plane surface firmly fixed at right angles 
to the fiat surface both being at least as 
long as the specimen shall be used. The 
height of the bar shall exceed half the 
diameter of the tube. Feeler gages of 
suitable thicknesses will also be required. 

(b) Test Specimens. — Specimens shall 
consist of tubes of any length or diam- 
eter. 

(c) Procedure. — The specimen shall 
be placed on the horizontal flat surface 
and rotated against the vertically plane 
surface of the rigid bar. The bar shall 
be firmly fastened to the horizontal flat 
surface. With the aid of feeler gages, 
the maximum distance of the nearest 
point of the tube from the vertically 
plane surface shall be measured to the 
nearest 0.001 in. 

(d) Report and Calculation. — Warp 
or lack of straightness shall be reported 
as the maximum distance of any part of 
the tube from a straight edge which 
connects the ends of the specimen. The 
warp shall be calculated as follows: 

DXlOO 

where: 

W = percentage of warp, 

D = maximum deviation of tube 
from straight edge in inches, 
and 

L = length of tube in inches as de- 
termined in Sections 4 or 5. 
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In order to compare the relative warp- 
age for any length of tube, the warp shall 
be calculated as the percentage warp 
for a 36"in. length as follows : 

^ WXS6 


wherer 

C = percentage of warp calculated 
for a 36“in. length, 

W = percentage of warp, and 
L = length of tube in inches as 
determined in Sections 4 or 5. 



Standard Methods of 

TESTING FLEXIBLE VARNISHED TUBING USED FOR 
ELECTRICAL INSULATION^ 



A.S.T.M. Designatioii: D 350 - 45 
Adopted, 1943; Revised, 1945.2 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 350; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proce- 
dures for the testing of flexible varnished 
tubing and saturated sleeving (Note) 
used as electrical insulation for leads on 
electrical apparatus. 

Note. — The term * Varnished tubing” as 
used in these methods refers to braided cotton 
sleeving coated, or impregnated and coated, 
with varnish, lacquer, or a combination of 
lacquer and varnish, or similar coatings. The 
term “saturated sleeving” refers to braided 
cotton sleeving impregnated with varnish but 
the coating need not be continuous as it is for 
varnished tubing. 

Sampling 

2. (a) A sufficient number of the 
pieces of tubing to total not less than 
1.83 m. (6 ft.) in length shall be selected 
from each 305 m. (1000 ft.) in the 
shipment, but in no case shall less than 
1.83 m. (6 ft.) be taken from a shipment, 
and the pieces shall be selected in such a 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1932 to 1943, being revised in 
1935, 1937, 1938, 1939, and 1940. 


manner as to be representative of the 
shipment. 

(J) The number of specimens required 
for purpose of tests shall be cut from 
the pieces selected in accordance with 
Paragraph (a), and care shall be taken 
to select material which is free from 
abnormal defects such as blisters, wrin- 
kles, cracks, etc. 

Conditioning 

3. The test specimens shall be condi- 
tioned for 48 hr. in air maintained at a 
temperature between 20 and 30 C. and 
at a relative humidity of 50 db 2 per cent. 
If a conditioning cabinet is used, speci- 
mens used for dielectric strength tests 
shall be subjected to test immediately 
upon withdrawal from the cabinet. 

Note. — saturated solution of sodium 
dichromate is a suitable humidifying agent for 
obtaining these limits when used under the 
conditions specified in Section 11 (&) of the 
Standard Methods of Test for ‘Insulation Re- 
sistance of Electrical Insulating Materials 
(A.S.T.M. Designation: D 257) of the American 
Society for Testing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 
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Dimensions 

Apparatus 

4. {a) Gage Rods. — Standard gage 
rods with hemispherical ends shall be 
used. The standard gage rods shall be 
made of steel and shall have smooth 
surfaces. A set of two is required for 
each size of tubing. Each rod in a set 
shall have a diameter within plus or 
minus 0.0002 in. of the diameters listed 
as maximum and minimum in Table I. 


TABLE I.~A.S.T.M. STANDARD SIZES FOR 
FLEXIBLE VARNISHED TUBING. 


Size 

Inside Diameter, 

, in. 

Maximum 

Minimum 

Nominal 

1 in 

1.036 

1.000 


3^ in 

0.911 

0.875 



0.786 

0.750 


C • 

0.6S5 

0. 625 



0.524 

O.SOO 



0.462 

0.438 



0.399 

0.375 


No. 0 

0.347 

0.325 

0.330 

No. 1 

0.311 

0.289 

0.294 

No. 2 

0.278 

i 0.258 

0.263 

No. 3 

0.249 

0.229 

0.234 

No. 4 

0,224 

0.204 

0.208 

No. 5... 

0.198 

0.182 

0.186 

No. 6 

0.178 

0.162 

0.166 

No.7 

0.158 

0.144 

0.148 

No. 8 

0.141 

0.129 

0.133 

No. 9 

0.124 

0.114 

0.118 

No. 10 

0.112 

0.102 

0.106 

No. 11 

0.101 1 

0,091 

0.095 

No. 12 

0.089 

0.081 

0.085 

No. 13 

0.080 

0.072 

0.076 

No. 14 

0.072 

0.064 

0.066 

No. 15 

0.067 

0.057 

0.059 

No. 16 

0.061 

0.051 

0.053 

No. 17 

0.054 

0.045 

0.047 

No. 18 

0.049 

0.040 

0.042 

No. 19... 

0.044 

0.036 

0.038 

No. 20 

0.039 

0.032 

0.034 


Note 1. —The minimum inside diameters prescribed in 
this table for sizes Nos. 0 to 20, inclusive, are the same as 
the diameters of copper wire for corresponding A.w.g. or 
B. & S. gage sizes. 

Note 2.— Sizes Nos. 14, 16, 18, and 20 arc standard and 
should be specified if possible. Sizes Nos. 15, 17, and 19 
arc special and may eventually be eliminated. 

(b} Micrometer. — A l-in. machinist’s 
type micrometer with ratchet device 
and having* anvil and spindle surfaces 
0.25 db 0,001 in. in diameter shall be 
used. 


Test Specimens 

5. Test specimens of any convenient 
length shall be cut from the samples 
obtained in accordance with Section 2. 


Procedure 

6. (a) Inside Diameter. — The mini- 
mum. gage rod for the size tubing under 
test shall pass into the specimen for a 
distance of 5 in. without expanding the 
wall of the tubing. If the rod has a 
fairly snug fit, then the specimen shall 
be considered as having an inside 
diameter equal to the diameter of the 
rod. If, however, the minimum gage 
rod fits loosely, then the maximum gage 
rod shall be inserted into the specimen. 
If the maximum gage rod passes freely 
into the specimen for a distance of 5 in. 
with a fairly snug fit or if it expands the 
wall of the specimen, then the tubing 
shall be considered to be of that size 
which falls within the limits of the maxi- 
mum and minimum inside diameters 
as represented by the gage rods. 

{b) Wall Thickness.-— A standard gage 
rod which will pass freely into the tubing 
shall be inserted in the specimen. The 
micrometer shall then be applied over 
the specimen, and thickness measure- 
ments made as specified in Method A 
of the Standard Methods of Test for 
Thickness of Solid Electrical Insulation 
(A.S.T.M. Designation: D 374) of the 
American Society for Testing Materials.® 
The average of five micrometer readings 
shall be obtained. The wall thickness 
shall be considered to be one-half the dif- 
ference between the average micrometer 
reading and the diameter of the gage rod. 

(c) Outside Diameter. — The outside 
diameter of the specimen shall be con- 
sidered to be the sum of the estimated 
inside diameter and twice the wall 
thickness (Paragraph (6)). The inside 
diameter shall be estimated from the fit 
of the maximum and the minimum gage 
rods (Paragraph {a)). 

Report 

7. The report shall include the fol- 
lowing: 
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(a) The size of the tubing, 

(b) The%all thickness in inches, and 

(c) The.;Joutside diameter in inches. 

■ Dielectric Strength 
Dielectric Strength 

8. The dielectric strength shall .be 
determined ■ in accordance with the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Mate- 
rials at Commercial Power Frequencies 
(A.S.T.M, Designation: D 149) of the 
American Society for Testing Materials,^ 
except as specified in the following 
Sections 9 to 12. 

Apparatus, 

9. (a) hmer Eleckode, — A straight 
standard annealed copper wire shall be 
used as the inner electrode. The near- 
est A.w.g. size of wire shall be selected 
that will fit snugly without stretching 
the tubing. The wire shall be free of 
bends to avoid a binding action on the 
tubing as it is being slipped on tot the 
wire. 

(b) Outer Eleckode. — Strips of metal 
foil shall be used as the outer electrode. 
The strips shall be 2.54 cm. (1 in.) in 
width and not more than 0.0005 in. in 
thickness. 

Note. — standard gage rods should 
never be used as the inner electrode. The 
arc which forms when the tubing punctures will 
invariably raise a pimple of melted metal on 
the surface of the rod, spoiling it for use as a 
standard. 

Test Specimens 

10. Test specimens of convenient 
length shall be cut from the samples 
selected in accordance with Section 2. 

Procedure 

11. (a) The tubing shall be placed 
on the inner electrode, the outer elec- 
trode consisting of strips of metal foil 
(Section 9 (Z?)) shall be tightly wrapped 
on the outside at a distance of not less 


than 7.62 cm. (3 in.) apart and at least 
7.62 cm. (3 in.) from the ends of the 
specimen. The first turn of the foil 
applied to the tubing shall be wiped 
snugly against the tubing. Two more 
turns of the foil shall then be wound over 
this first turn, leaving a free end of | in. 
to which the electrical connection shall 
be made during the test. y 

(5) The dielectric strength shall be 
determined by the short-time test 
Voltage shall be increased at the rate of 
0.5 kv. per sec. The tests shall be made 
in air. 

(c) The dielectric strength shall be 
the average of ten breakdown voltages. 

Report 

12. The report shall include the fol- 
lowing: 

(а) Total volts at each puncture, 

(б) The average, maximum, and 
minimum puncturing voltages, 

(c) The room temperature, and 

{d) The percentage relative humid- 
ity. 

Aging Test 
Test Specimens 

13. Not less than ten test specimens, 
each 15.24 cm. (6 in.) in length shall be 
cut from the samples obtained in ac- 
cordance with Section 2. 

Note. — If the aging test is in excess of 
120 hr., additional specimens will have to be cut. 

Procedure 

14. {a) The specimens shall be placed 
in a uniformly heated electric oven of the 
analytical type in which the temperature 
is maintained between 105 and 110 C. 
(221 and 230 F.). Two specimens shall 
be removed at the end of 24 hr. and 
every 24 hr. thereafter until failure 
occurs. After cooling to room tempera- 
ture of approximately 20 C. (68 F,), 
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each specimen shall be bent through 180 
deg. over a rod having a diameter as 
shown in the following table: 

Diameter of Test 

Size Rod, in. 

1 to i in., incL, ...... . . — 

I to I in., ind. I 

Nos. 0 to 5, incl A 

Nos. 6 to 11, incl , i 

No. 12 and smaller i 

(6) The number of hours of baking at 
which first cracking across the specimen 
occurs shall be noted and reported. 
Any side cracking occurring because of 
the flattening of the specimen on the 
rod shall be disregarded. 

Heat Endurance 

Apparatus 

15. The apparatus for the heat en- 
durance test shall be a thermometer 
and a uniformly heated oven. The 
oven shall have sufficient heating capac- 
ity to permit the desired temperature 
to be regained within 5 min. after closing 
the door subsequent to the introduction 
of specimens. 

Test Specimens 

16. At least three test specimens 9.2 
cm. (4 in.) in length shall be cut from 
the samples selected in accordance with 
Section 2. 

Procedure 

17. A substantial cotton or linen 
string shall be tied around each speci- 
men at mid-length and the specimens 
suspended horizontally in the oven 
maintained at a temperature between 
425 and 450 F. As soon as the specimens 
have been mounted in the oven, the 
oven door shall be closed, and 15 min. 
later the specimens shall be removed 
and cooled to room temperature. The 
specimens shall then be examined for 
signs of softening, blistering, and flow- 
ing. 

Report 

18. The report shall include the fol- 
lowing: 


(a) Temperature of the oven to the 
nearest 2 F., 

(b) Length of time specimens were 
in the closed oven, : 

(c) Description of any signs of 
softening, blistering, or flowing.' 

Rate of BurninG' 

Apparatus 

19. The apparatus for the rate of 
burning test shall be a bunsen burner 
and a stop watch. 

Test Specimens 

20. At least three test specimens 
9.16 cm. (4 in.) in length shall be cut 
from the samples obtained in accordance 
with Section 2. 

Procedure 

21. (a) A gage length of 2.54 cm. (1 
in.) shall be marked on each test speci- 
men approximately 1.27 cm. in.) 
from one end of the specimen. 

(6) The end of the specimen on which 
the gage marks have been placed shall 
be inserted approximately 0.63 cm. 
(J in.) into the side of the flame of the 
bunsen burner with the lower side of 
the tubing approximately 1.27 cm. (| in.) 
above the top of the burner. The speci- 
men shall be rotated in the flame to ig- 
nite it as uniformly as possible. The 
tubing shall then be removed from the 
flame and held vertically, the burning 
end uppermost, in still air. When the 
leading edge of the flame reaches the 
upper gage mark, the stop watch shall 
be started and the time in seconds for 
the leading edge of the flame to travel 
down the specimen to the lower gage 
mark shall be observed. 

Report 

22. The rate of burning for each speci- 
men shall be reported. 
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Scope 

1. These methods^^ of testing electrical 
insulating oils apply to mineral oil of 
petroleum origin for use in transformers, 
oil circuit breakers, and other electrical 
apparatus as an insulating or cooling 
medium, or both, 

Note. 3 — For oils having a Saybolt Universal 
viscosity over 110 sec. at 100 F. (37.8 C.), modi- 
fications of certain test procedures are neces- 
sary. These modifications are under study and 
development by Committee D-9. A notation 
precedes each test procedure where such modi- 
fication is necessary. 

■ Sampling 

General 

2. Samples shall be taken and handled 
in such a manner that the tests made 
upon them indicate the characteristics 
of the shipment. Some tests are greatly 
affected by the most minute traces of 
impurities. This is particularly the 
case with the sludge test and the dielec- 
tric strength test, the latter being af- 
fected by almost infinitesimal traces of 

1 Under the standardization procedure of the Society* 
these methods are under the jurisdiction of the A.S.T.M* 
Committee D-9 on Electrical Insulating Materials. In 
using these methods, reference should always be made to 
any pending revisions affecting the methods. 

» Prior to adoption as standard, these methods were 
published as tentative from 1921 to 1924. 

A tentative revision of this standard has been is- 
sued in the form of the Tentative Methods of Testing 
Electrical Insulating Oils (D 117 - 46 T) , see p, 600. 

« Editorially revised in September, 1944. 


moisture. If these tests are to be made, 
it is important that the samples be 
handled with the utmost care to prevent 
such contamination. All tests are usu- 
ally made on samples taken from drums. 
Sometimes dielectric strength tests are 
not made on samples taken from tank 
cars. Samples from tank cars are usu- 
ally tested only for the physical and 
chemical properties that are not affected 
by slight amounts of moisture; care, 
however, shall be taken to prevent ex- 
traneous contamination of the samples 
as contamination might affect the sludge 
test. It is imperative, therefore, that 
the procedure and precautions for ob- 
taining and transporting samples of the 
oil to be tested, as specified in Sections 
3 to 8, inclusive, shall be observed. 

Sampling TMefs 

3. (a) General . — ^Thiefs shall be used 
for withdrawing samples of oil from 
drums, tank cars, or other containers of 
5-gal. capacity or larger in which ship- 
ment is made. Glass or metal thief s 
may be used. 

{h) For Drums . — For sampling drums 
the thief s shall be so designed that they 
will reach within approximately | in. 
(about 3 mm.) of the bottom and should 
have a capacity of approximately 1 pt. 
or 1 qt. (0.5 or 1 liter). 
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Note —A convenient and simple tliief for 
sampling 50-gal. dram containers is shown in 
Fig. 1, wMch illustrates a sheet metal thief 36 
in. in length, li in. in diameter, with cone- 
shaped caps over the ends and having openings 
at the ends f in. in diameter. Three legs, 
equally spaced around the thief at the lower end 
long enough to hold the opening i in, from the 
bottom of the container, aid in securing a good 
representative sample. Two rings soldered to 
opposite sides of the tube at the upper end will 
be found convenient for holding the thief by 
slipping two fingers through them, leaving the 
thumb free to close the opening. 

(c) For Caws.— For sampling cans of 
S-gaL capacity or larger a thief, similar 
to that used for sampling drums but of 



proportionately smaller dimensions, shall 
be used. Cans of less than 5-gaL capac- 
ity shall be taken as a whole (see Section 

id) For Tank Cars . — For sampling 
lank cars the thief shall be so designed 
that the sample may be obtained from 
within at least 0,5 in, of the bottom. 


Note. — A thief suitable for sampling tank 
cars may be made from metal tubing and cast- 
ings, machine-finished all over. A valve rod 
whose projecting stem strikes the bottom of the 
car, opens the valve automatically and simul- 
taneously releases the air through the top. 
Such a thief is illustrated in Fig. 2. 

Sample Containers 

4. Tin cans, or cork-stoppered or 
glass-stoppered clear-glass bottles in car- 
tons may be used as containers for the 
samples. The containers shall be clean 
and dry. 

NoTE.“The clear-glass bottle offers the ad- 
vantage that it may be examined to see that it 



is clean. It also allows visual inspection of the 
oil before testing, permitting the detection of 
free water or solid impurities. Samples placed 
in glass bottles shall be kept in the dark if 
subsequent testing is to include color and sludge 
forming characteristics or neutralization value, 
as light produces changes in these properties. 
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For this reason cardboard cartons with covers 
shal be provided for each bottle into which the 
bottle with its sample of oil shaE be placed im- 
mediately after , sampling. Rubber stoppers 
shall never be used. ■ If cork is' used it shall be of 
good quality with a new cork for each sample. 
Contact of the oil with the cork may be pre- 
vented by wrapping some tin or aluminum foil 
around the cork before forcing it into the mouth 
of the bottle. If glass stoppered bottles are 
used, precaution shall be taken to insure that 
perfectly fitting stoppers are secured, A tin 
can fitted with a screw cap protected with a cork 
disk faced with tin or aluminum will endure 
harder usage. If tin cans are to be employed, 
only those having seams soldered on the ex- 
terior surfaces shall be used. 

Cleaning of Sampling Apparatus 

5. (a) General , — All thiefs and sample 
containers shall be cleaned thoroughly 
before using, special care being taken 
that no lint or other fibrous material 
remains in or on them. Care shall be 
taken to insure the complete removal of 
all traces of soldering flux from new 
thiefs and new cans. 

Note 1. — Thiefs and containers that are not 
chemically clean and dry are likely to contami- 
nate the samples and cause misleading results on 
some of the tests. 

Note 2. — To insure the greatest ease in 
removing traces of soldering flux, a flux of rosin 
in a suitable solvent is recommended for solder- 
ing all seams. Such a flux is easily removed 
with gasoline, whereas, many other fluxes are 
very hard to remove. Minute traces of flux 
may contaminate the sample so that the results 
obtained on dielectric strength tests and various 
sludge tests may be erroneous. 

(6) TMe/s— Thief s, before using, 
shall be cleaned by rinsing with oil-free 
gasoline and dried in the hot cabinet 
described in Section 6 (a). The best pro- 
cedure is to rinse them after the sampling 
has been finished and then place them in 
the hot cabinet, as in this way they will 
be ready for use without further cleaning 
when the next shipment is to be sampled. 

(c) Sample Containers , — Sample con- 
tainers, before using, shall be rinsed with 


oil-free gasoline and dried. ' They shall : 
then' be washed with .strong soapsudSj, 
rinsed thoroughly with distilled water 
and then dried by passing a current of 
warm air through the containers, after 
which they shall be immediately placed 
in the hot cabinet described in Section 
6 (a). A similar washing will be suffi- 
cient for re-^use of the containers that 
have held new oil, but those which have 
contained used oil shall be washed with 
both gasoline and benzol before being 
washed with soapsuds. 

Storage of Sampling Apparatus 

6. (a) General,— Whm not in use all 
thiefs and sample containers shall be 
kept in a hot, dry, dust-free cabinet or 
compartment at a temperature not less 
than 100 F. (37.8 C). 

{b) Thiefs . — Thiefs shall be kept at 
all times in a vertical position in the 
hot cabinet in a rack having a suitable 
drainage receptacle at the base. 

(c) Sample Containers 

for samples, after washing and drying 
as described in Section 5 (c), shall be 
kept unstoppered while in the hot cabi- 
net but shall be closed immediately on 
removal. When containers must be pre- 
pared in advance and cannot be kept in 
the hot cabinet until approximately the 
time for the sample to be placed therein 
(as for example, when bottle containers 
are prepared to be sent to a distant 
sampling point) the same procedure of 
washing and drying shall be followed as 
described in Section 5 {c). In such in- 
stances, after the bottles are corked or 
stoppered and removed from the hot 
cabinet, the corks or stoppers shall be 
capped with paper which is tied securely 
on the neck, and then the capped corks 
or stoppers shall be sealed by dipping 
into melted paraffin wax so as to cover 
all of the papen cap and part of the neck. 
If this procedure is followed, care shaE 
be taken in removing the paraffined caps 
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preparatory to filling the bottles with 
samples, that no paraffin contaminates 
the sample. During the preparation of 
the containers and subsequent handling 
of them when introducing the sample, 
care shall be taken that the operator’s 
fingers do not touch the lip of the con- 
tainer. 

Procedure for Sampling New Oils 

7. (a) General. — k sufficient number 
of samples shall be taken to cover the 
requirements of the tests. It is recom- 
mended that 1 qt. of oil be taken as a 
sample if complete physical and chemical 
tests are to be made and at least 1 pt. 
if only the dielectric strength tests are 
to be made. 

(Jb) Drums, tank cars, or other con- 
tainers of oil shall not be sampled until 
the oil is at least as warm as the sur- 
rounding air, because cold oil may con- 
dense enough moisture from a humid 
atmosphere to affect seriously its insu- 
lating properties. Samples shall, of 
course, never be taken in the rain and 
precautions shall be taken during sam- 
pling to prevent contamination such as 
that which may occur from wind-blown 
dust or other sources. 

{c) Samples of oil from drums and 
cans shall be taken only after the oil 
has remained undisturbed for at least 
8 hr. 

(d) Drums and barrels of oil to be 
sampled shall be lined up, preferably on 
their sides with their bungs up. The 
bungs shall be unsealed, removed, and 
laid with the oily sides up beside the 
bungholes. The top hole of the thief 
shall be closed with the thumb and the 
thief thrust about 1 ft. (30 cm.) into the 
oil. The thumb shall then be removed, 
allowing the oil to flow into the thief. 
The upper end of the thief shall again be 
closed with the thumb and the thief 
withdrawn. The oil remaining in the 
thief shall be used for rinsing out the 
thief by holding the thief nearly hoTOon- 


tal and turning so that the oil comes in 
contact with that part of the inside sur- 
face of the thief which is immersed when 
taking the final sample. During this rins- 
ing of the thief, care shall be taken to 
avoid handling any portion of the thief 
that is subsequently immersed in the oil 
to be sampled as moisture from the fin- 
gers or hands may be sufficient to cause 
enough contamination of the oil to cause 
a low value in the dielectric strength test 
The oil used for rinsing shall be thrown 
away and the thief allowed to drain. 
The thief shall again be inserted into the 
oil but this time the thumb shall not be 
removed until the thief reaches the bot- 
tom of the container. When the thief 
is filled, the thumb shall be replaced, 
the thief quickly withdrawn and the 
contents allowed to flow into the sample 
container. The bottom hole shall not 
be closed with the fingers of the other 
hand. The free hand shall be used to 
guide the stream of oil by touching the 
thief only as necessary. The oil shall 
not be allowed to flow over the hand or 
fingers before it flows into the sample 
container nor shall any excess be allowed 
to flow over the drum or barrel and back 
again through the open bunghole. 
When the sample container is filled it 
shall be closed quickly and the bung 
replaced in the drum and tightened. 
The sample container shall be labeled 
at once and taken to the testing labora- 
tory as quickly as feasible. 

{e) Smaller containers such as cans 
of 5-gal. capacity or larger shall be sam- 
pled with a thief, similar to the drum 
thief but of proportionately smaller di- 
mensions, using a method similar in 
general to the one described for drums 
and barrels in Paragraph id). To sam- 
ple a shipment of cans of less capacity 
than 5-gal. one or more cans shall be 
selected at random from the shipment 
using the entire contents of the can (or 
cans) as the sample. 
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(f) Tank cars of oil shall be sampled 
by introducing the tank-car thief 
through the manhole on top of the car, 
the cover of which shall be removed 
carefully so as not to introduce any dirt 
into the oil. The thief shall be lowered 
until it strikes the bottom of the tank 
car when it automatically opens and fills. 
Under no conditions shall samples be 
taken from the bottom draw-off. 

(g) When separate samples are being 
taken from a consignment or part of a 
consignment, care shall be exercised to 
prevent contaminating the samples. A 
separate thief shall be used for each 
sample or the thief previously used shall 
be well drained and then thoroughly 
washed with oil from the next container 
to be sampled, throwing away the oil 
thus used for washing, before taking the 
portion reserved for the sample (see 
Paragraph (d)). Enough thiefs shall 
be provided to insure thorough drainage 
of each thief after rinsing with oil to 
be sampled before it is used to withdraw 
the sample. For obtaining only a few 
samples, two thiefs are enough, but for 
obtaining a large number of samples 
(for example, sampling a carload of 
drummed oil) six or more are desirable. 

(h) When one average sample of a 
consignment or batch is being taken, 
the same thief may be used throughout 
the sampling operation, omitting the 
precaution of rinsing the thief with oil 
before taking any of the portions that 
make up the total average sample. 

Procedure for Sampling Oil in Service 

8. When taking samples of oil from 
transformers, oil circuit breakers and 
similar electrical apparatus where a 
thief cannot be used, the precautions 
outlined in the preceding sections shall 
be observed so far as practicable. In 
addition, care shall be taken to procure a 
sample that represents fairly the oil at 
the bottom of the tank. Transformer 
^nd oil circuit-brewer, t#nks, and similar 


electrical apparatus are usually pro- 
vided with drain pipes or sampling cocks 
from which the sample may be allowed 
to flow into the sample container. Be- 
fore the sample is taken, enough oil 
shall first be allowed to flow to waste 
through these drain pipes or sampling 
cocks to insure that the sample will not 
be that portion which was stored in the 
drain pipe. For this reason, the valve 
and the drain, pipe should be small 
enough to be emptied with convenience 
and yet large enough to give an even 
flow of oil and avoid clogging by sedi- 
ment. A U. S. Standard J-in. nominal 
size pipe (equivalent to an inside diam- 
eter of approximately 9 mm.) with 
suitable valve is recommended. This, 
of course, may be separate from the 
drainage pipe and valve or may be con- 
nected to the drainage valve by means 
of a suitable reducer. 

Specific Gravity 

Procedure 

9. Specific gravity shall be deter- 
mined in accordance with the Standard 
Method of Test for Gravity of Pe- 
troleum and Petroleum Products by 
Means of the Hydrometer (A.S.T.M. 
Designation: D 287) of the American 
Society for Testing Materials.^ 

Color 

Procedure 

10. Color shall be determined in ac- 
cordance with the Tentative Method of 
Test for Color of Lubricating Oil and 
Petrolatum by Means of A.S.T.M. 
Union Colorimeter (A.S.T.M. Desig- 
nation: D 155) of the American Society 
for Testing Materials.^ 

Viscosity 

Procedure 

11. Viscosity shall be determined in 
accordance with either the Standard 


* Book of A.S.TJM. Standards, Fart III-A. 
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Method of. Test for Viscosity by ' Means 
of , the Saybolt ' Viscosimeter (A.S,T,M. 
■Designation: D 88)^ or the Tentative 
Method of Test for Kinematic Viscosity 
(A-S.T.M. Designation: D 445)^ of the 
American Society for Testing Materials 
and unless otherwise specified at a tem- 
perature of 37.8 C. (100 F.)* The con- 
version of viscosity values may be made 
in accordance with the Standard Method 
for Conversion of Kinematic Viscosity to 
Saybolt Universal Viscosity (A.S.T.M. 
Designation: D 446) of the American 
Society for Testing Materials.*^ 

Flash Point 

Procedure 

12. Flash point shall be determined 
in accordance with the Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92) of the American Society 
for Testing Materials.^ 

Poor Point 

Procedure 

13. Pour point shall be determined 
in accordance with the Standard Method 
of Test for Cloud and Pour Points 
{A.S.T.M. Designation: D 97) of the 
American Society for Testing Ma- 
terials.'^ 

Acid and Base Numbers 
Procedure 

14. Acid and base numbers shall be 
determined in accordance with the 
Tentative Method of Test for Acid and 
Base Numbers of Petroleum Oils by 
Color-Indicator Titration (A.S.T.M. 
Designation: D 663),'^ except that if it is 
desired to use an electrometric titration 
method, the Tentative Method of Test 
for Acid and Base Numbers of Petroleum 
Products by Electrometric Titration 
(A.S.T.M. Designation: D 664)^ may 
be used. 


Saponification Number 
Procedure 

15. Saponification number shall be 
determined in accordance with the 
Standard Method of Test .for Saponifi- 
cation Number of Petroleum Products 
by Color-Indicator Titration (A.S.T.M. 
Designation : D 94) of the American 
Society for Testing Materials.^ 

Sludge 

Procedure 

16. Sludge formation shall be deter- 
mined in accordance with the Tentative 
Methods of Test for Sludge Formation 
in Mineral Transformer Oil (A.S.T.M. 
Designation: D 670) of the American 
Society for Testing Materials.^ 

Inorganic Salts (Chlorides and 
Sulfates)® 

Procedure 

17. The presence of mineral acids 
(Cl or SO3) shall be determined by 
thoroughly shaking in a separatory 
funnel, 100 ml. of the oil with 50 to 
100 mU of hot (90 to 100 C.) distilled 
water and then separating and drawing 
off the water layer and testing it quali- 
tatively with the usual procedures for 
the presence of chlorides or sulfates. 

Free and Corrosive Sulfur 
Apparatus 

18. The apparatus shall consist of 
the following: 

(a) Electrolytic Sheet Copper,— 
proximate dimensions: length, 3 in. 
(7.62 cm.); width, 0.5 in. (1.27 cm,); 
thickness, 0.031 in. (0.079 cm.). 

{b) Glass Acid-resistant glass, 

125-mL capacity, fitted with a slotted 
cork (a test tube of suitable size is 
satisfactory). 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

® Editorially revis«‘di in July, 1946. 
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(c;) Bath . — Suitable bath, in which a 
temperature of from 95 to 110 C. can 
be maintained. 

" Reagents 

19. {a) Fuming Nitric Acid^ c. p. 

{b) Eyirochloric Acid, c. p, (sp. gr, 
119). 

(c) Barium Chloride Solution {10 per 
cent). 

Procedure^ 

20. (a) The copper strip shall be 
mechanically polished. It shall be thor- 
oughly washed with distilled water to 
remove the polishing compounds and 
dried between filter paper. The pol- 
ished copper strip shall be placed in the 
glass tube and 100 ml. of oil added. 
The strip shall be completely immersed. 
The tube shall be closed with a vented 
cork and the oil heated in the bath for 
not less than 5 hr., maintaining the oil 
sample at a temperature between 95 
and no C. 

(6) If free sulfur or corrosive sulfur 
compounds are present, the copper strip 
will be discolored. This discoloration 
(a dark characteristic film) is not definite 
proof of the presence of free sulfur or 
corrosive sulfur compounds, and the film 
shall be tested as follows: 

Remove the oil from the copper strip 
by rinsing with petroleum ether. After 
the ether has evaporated, completely 
dissolve the discoloring film with a few 
drops of fuming nitric acid, catching 
the solution in a 50-mL beaker. In this 
manner a minimum of copper is removed. 
Wash the strip with a minimum of 
distilled water, catching the washings 
in the beaker. To the combined solu- 
tion, add about 5 ml. of HCl (sp. gr. 
1.19). Boil the solution to drive off 
free nitric acid. If necessary, dilute 
with a small amount of distilled water, 
and then to the boiling solution add 5 
ml, of the barium chloride solution (10 
per cent). A white precipitate proves 

^ Editorially revised in January, 1947. 


the 'presence 'of sulfur. 'Minute traces 
of sulfur are not precipitated immedi- 
ately. If no precipitate forms in 6 hr., 
the temperature of the solution having 
been maintained at about 95 C., free 
sulfur and corrosive sulfur compounds 
shall be considered absent. 

Note. — All reagents shall be sulfur-free. A 
blank should be run with each batch of deter- 
minations, following the above procedure, but 
using water in equal volume instead of oil. 
With necessary precautions the volume of solu- 
tion for proving the presence or absence of sul- 
fur should not exceed 20 to 30 ml. throughout 
the manipulation. 

Steam Emulsification Test 
Procedure 

21. Steam emulsification shall be de- 
termined in accordance with the Stand- 
ard Method of Test for Steam Emulsion 
of Lubricating Oils (A.S.T.M. Designa- 
tion: D 157) of the American Society 
for Testing Materials.^ 

Dielectric Strength 

Note. — Modification of the test procedure 
for dielectric strength to make it applicable to 
oils of high viscosity is under development, see 
Note, Section 1. 

Apparatus 

22. The apparatus shall be as de- 
scribed in Section 3 of the Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149) of the Ameri- 
can Society for Testing Materials.^ 
The test cup for holding the sample of 
oil shall be made of a material having a 
suitable dielectric strength. It shall be 
insoluble in and unattacked by mineral 
oil and gasoline and nonabsorbent as 
far as moisture, mineral oil, and gasoline 
are concerned. The electrodes in the 
test cup between which the sample is 
tested shall be circular disks of polished 
brass or copper, 1 in. in diameter and 
having square edges. The electrodes 
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shaU be mounted in the test cup having 
their axes horizontal and coincident, 
with a gap of 0.1 in. between their adja- 
cent faces, and with top of electrodes 
about 33 mm. (IJ in.) below the top 
of the cup. 

Procedure 

23. (a) The electrodes and the test 
cup shall be wiped clean with dry calen- 
dered tissue paper or with a clean dry 
chamois skin and thoroughly rinsed 
with oil-free dry gasoline until they are 
entirely free from fibers. 

(b) The spacing of electrodes shall be 
checked with a standard round gage 
having a diameter of 0.100 in. and the 
electrodes then locked in position. Care 
shall be taken not to touch the elec- 
trodes with the gage or in any other 
manner after cleaning the electrodes 
and cup, so as to avoid any possible 
contamination. 

(c) The test cup shall be filled with 
dry gasoline, and voltage applied with 
uniform increase at the rate of approxi- 
mately 3 kv. per sec. (rms. value) until 
breakdown occurs. If the dielectric 
strength is not less than 25 kv., the cup 
shall be considered in suitable condition 
for testing the oil. If a lower test value 
is obtained the cup shall be cleaned with 
gasoline and the test repeated. 

Note. — E vaporation of gasoline from the 
electrodes may chill them sufficiently to cause 
moisture to condense on their surface. For 
this reason, after the final rinsing with gasoline, 
the test cup should be immediately filled with 
the oil which is being tested and the test pro- 
ceeded with at once, or the electrodes should be 
thoroughly dried. 

(d) The temperature of the oil when 
tested shall be the same as that of the 
room which should be between 20 and 30 
C. (68 and 86 F.). Testing at lower 
temperatures is likely to give variable 
results which may be misleading. 

(e) The sample in the container shall 


be shaken so as to thoroughly mix the 
oil before filling the test cup. This is 
even more important with used than 
with new oil as the impurities may 
settle to the bottom and the test may be 
misleading. 

(f) The cup shall be filled with oil 
to a height of not less than 20 mm. : ^ 
(0.787 in.) above the top of the elec- 
trodes. 

(g) The oil shall be gently agitated i 
by rocking the cup and then the oil 
shall be allowed to stand in the cup 
for 3 min. before the Burst puncture, and 

1 min. before each succeeding puncture. 
This will allow air bubbles to escape. 

(h) Voltage shall be applied and in- 
creased uniformly at a rate of approxi- 
mately 3 kv. per sec. (rms. value) until 
breakdown occurs as indicated by a 
continuous discharge across the gap. 
(Occasional momentary discharges which 
do not result in a permanent arc may 
occur; these should be disregarded.) 

(i) Provision shall be made for opening 
the circuit as promptly as possible after 
breakdown has occurred in order to 
prevent unnecessary carbonization of 
the oil. After each puncture, the testing 
vessel shall be jarred to loosen particles 
of carbon adhering to the electrodes and 
the oil gently agitated but not with 
suflScient violence to introduce air bub- 
bles. 

(j) Five breakdowns shall be made on 
each filling after which the vessel shall 
be emptied and refilled with fresh oil 
from the original sample. The test 
shall be continued until the averaged 
values of at least three fillings do not 
differ from their mean by more than 10 
per cent. 

(k) The last filling of the cup should 
drain the container. If a quart sample 
be received, allowance shall be made in 
withdrawing portions so that just enough 
remains for a final filling of the cup 
with the drainings from the container. 
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Report 

24. The report shall include the 
following: 

(i) The volts (rms. value) at each 
puncturCj the average voltage for each 
of the three or more fillings and the 
grand average, 

(Z) The' report shall be stated as 
kv., l.O-iii. disk, 0.1 -in.: gap, and 
(J) The approximate temperature 
of the oil at the time of the test. 


Note. — A precision of about 3 per cent may 
reasonably be expected in 15 tests distributed 
among three consistent fillings taken in succes- 
sion. But if the length of the gap is readjusted 
and possibilities of contamination exist, the 
precision may be only 6 or 7 per cent. Differ- 
ences as great as 10 or 12 per cent may occur 
between different laboratories even where the 
work is carefully done. (See Appendix I to 
Report of Committee D-9 of the American So- 
ciety for Testing Materials in 1921^ Proceedings^ 
Am. Soc, Testing Mats., VoL 21, p. 397 (1921).) 


■APFE0¥ED,AS 
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Standard Method of Test for 

SAPONIFICATION NUMBER OF PETROLEUM PRODUCTS 
BY COLOR-INDICATOR TITRATION ‘ 



A,S.T.M* Designation: D 94- 45 
Adopted, 1944; Revised, 1945.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 94; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the amount of constituents 
in petroleum products that will easily 
saponify under the conditions of the 
test. The method is applicable to new 
or used petroleum oils including electrical 
insulating oils, and to mixtures of fats 
and mineral oils. It is not applicable 
to used internal-combustion-engine 
crankcase oils and used turbine oils, 
or to oils containing compounds of 
sulfur, phosphorus, the halogens, or 
other elements that consume acids or 
alkalies. 

Note 1. — ^This method does not always give 
an accurate indication of the saponifiable organic 
material present because the alkali may be con- 
sumed by inorganic or certain organic acids, 
most nonalkali soaps, free sulfur, sulfurized oils, 


Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of A.S.T.M. 
Committee D-2 on Petroleum Products and Lubricants 
and Committee D-9 on Electrical Insulating Materials, 
‘Prior to adoption as standard, this method was 
published as tentative from 1921 to 1928, being revised in 
1928. It was adopted in 1928, revised in 1936, but with* 
drawn and republished as tentative from 1938 to 1944, 
being revised in 1939, 1941, 1942, 1943, and 1944, ^ 

This method comprises a revision and consolidation of 
the Standard Method of Test for Saponification Number 
(D 94 - 36) and the Tentative Method of Test for Ssponifi- 
cation Number of Electrical Insulating Oils (Modified 
Baader Method) (B 438 - 36 T), which were dlscoutlnued 
in 1938. 


etc. The presence of such materials increases 
the saponification number above that of fatty 
saponifiable materials for which the method is 
primarily intended. The odor of hydrogen 
sulfide near the end of the back-titration in the 
saponification test is an indication that certaio 
types of reactive sulfur compounds are present 
in the sample. In the case of other reactive 
sulfur, chlorine, and phosphorus compounds, 
and other interfering materials, no simple indi- 
cation is given during the test. A gravimetric 
determination of the actual amount of fatty acids 
is probably the most reliable method for such 
compounds. 

Definition 

2. Saponification Number,— ThQ sa- 
ponification number of an oil is the 
number of milligrams of potassium 
hydroxide which is consumed by one 
gram of oil under the conditions of the 
test as prescribed in this method. 

Outline of Method 

3. The method involves heating a 
weighed sample of the oil, dissolved in 
methylethylketone, with a measured 
quantity of a standard alcoholic solution 
of potassium hydroxide and determining 
the amount of unconsumed potassium 
hydroxide by titration after the heating 
period, with a standard solution of 
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hydrocMoric acid. The potassmm hy- 
droxide consumed is calculated and 
divided by the weight of the sample. 

Apparatus 

4. The apparatus shall consist of the 
following: 

(a) Erlenmeyer Flask and Condenser. 
— ^An Erlenmeyer flask, 300-mL capac- 
ity, alkali-resistant,® to which an ade- 
quate reflux or mushroom-t 3 q)e con- 
denser is attached by means of a 
ground-glass joint. 

(6) Eoi Ptoe.“-A suitable hot plate 
heated by either electricity or steam. 

Reagents 

5. {a) Alcoholic Potassium Hydroxide 
{05 iV),— Prepare 0.5 N solution by 
dissolving KOH “purified by alcohol” 
in tlie alcohol specified in Paragraph {b). 
Allow the solution to settle in a dark 
place. Filter the solution, allow to stand 
for 24 hr. and standardize to 0.5 N. 

(b) Alcohol . — Purify 95 per cent 
ethanol (Note 2), or 95 per cent ethanol 
to which has been added 10 per cent by 
volume of methanol (Note 3), with silver 
oxide in the following manner: Dissolve 
1.5 g. of c.p. silver nitrate in about 3 ml. 
of water, add to 1 liter of alcohol in a 
glass-stoppered bottle, and mix thor- 
oughly. Dissolve 3 g. of KGH “purified 
by alcohol” in 10 to 15 ml. of warm alco- 
hol. After cooling, add slowly to the 
alcoholic silver nitrate solution, stirring 
slightly. Allow the precipitated silver 
oxide to settle, siphon off the clear 
solution, and distill on a steam bath. 

Note 2.— It has been found that 99 per cent 
isopropyl alcohol may be substituted for the 
purified ethanol and entirely satisfactory results 
obtained. This substitution is not permissible 
however, in referee tests. 

Note 3.— This composition is available under 
the name of: “U. S. Treasury Dept. Specially 
Denatured Formula 30 (Regulation No. 3 — 
1938).” Formula 3 A plus S per cent methanol 
is an equivalent. 


{c) Standard HydrocMoric AcU Soln- 

lion {05 N), 

{d) Phemlphthalein Soltdim.-Dh-^ 
solve 1 g. of phenolphthalein in lOO ml;, 
of alcohol (Paragraph (J)). 

{e) Methyleihylketone^ Tecknical 
Grade. — This should be ,stored in dark\ 
or brown bottles. 

Blank Detenninations 

6. Bknk determinations shaE be made 
in duplicate on the alcoholic KOH and 
repeated for each batch of methylethyl- 
ketone, as follows: Measure accurately 
from a burette into the Erlenmeyer 
flask, 25 ± 0.03 ml of alcoholic KOH 
and add 25 ± 1 ml. of methylethyl- 
ketone. Connect the condenser to the 
flask, and heat for 30 min. (Note 6, 
Section 8) after refluxing begins. Dis- 
connect the condenser, add 50 ml. 
of A.S.T.M. precipitation naphtha* 
(Note 7, Section 8), and titrate the 
blank while hot with 0.5 N HCl, using 
3 drops of phenolphthalein indicator. 
The end point is reached when the in- 
dicator color is discharged. 

Note 4. — ^The glassware must be chemically 
clean. It is recommended that flasks be cleaned 
with chromic acid cleaning solution and rinsed 
with distilled water. 

Sample 

7. The size of the sample shall be 
chosen so that the back-titration is from 
40 to 80 per cent of the blank, except 
that the weight of the sample shall not 
exceed 20 g. (Note 5). 

Note 5, — The size of sample depends upon the 
amount of saponifiable matter present. A 4 to 
20-g. sample is generally required for blends of 
mineral oils and fats or fatty oils. If the method 
is used for fats or fatty oils alone, a 1 to 2-g. 
sample is generally required for materials having 
a saponification number higher than 210, and a 
2 to 3-g. sample for materials having a saponifi- 
cation number lower than 210, 

* Requirements for this precipitation naphtha are given 
in Section 4 of the Standard Method of Test for Precipita- 
tion Number of Lubricating Oils (A.S.TJd, Designation: 
D 91), 194(5 Book of A.S.T.M. Standards, Part III-A. 


» Pyrex and Kimble resistant glasses are suitable. 
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ProcedETe ' 

■ 8. Weigh the sample to the nearest 

0.01 g.V by difference, from a small 
beaker into the Erlenmeyer flask. Add 
25 ± 1 ml. of methylethylketone, 
followed by 25 ±: 0.03 mi. of alcoholic 
KOH measured accurately from a bu- 
rette. Connect the condenser to the 
flask and heat for 30 min. after refluxing 
begins (Note 6). Immediately discon- 
nect the condenser, cautiously add 50 ml. 
of A.S.T.M. precipitation naphtha^ 
(Note 7), and titrate the solution while 
hot (without reheating) with 0.5 iV HCl, 
using 3 drops of phenolphthalein indi- 
cator. The end point is reached when 
the indicator color is discharged. 

Note 6 . — ^For most oils, refluxing for 10 min. 
is sufficient to complete the saponification. 
When the sample is known to be free of blown 
rapeseed or other oils requiring 30-min. refluxing, 
the time may be shortened to 10 min. In this 
case the reflux time for the blank determination 
is also reduced to 10 min. 

Note 7. — In the case of insulating oils, the 
addition of A.S.T.M. precipitation naphtha is 
not necessary. 

Calculation 

9. (a) The saponification number 
shall be calculated as follows: 

DV 

Saponification number *= 

where: 

D = difference between the number 
of milliliters of 0.5 N HCl 
required for the sample in the 
determination and the average 
of that required for the two 
blanks, 

V = strength of the 0.5 A HCl ex- 
pressed as milligrams of KOH 
per milliliter, and 

W = the weight of sample in grams. 

(b) The percentage of fatty oil or fat 
in a compounded petroleum product can 
be calculated from the saponification 
number of such a product only when the 
saponification number of the fatty oil 


is known. If the saponification num- 
bers of both fatty oil and compounded 
oil are known, the following formula 
may be used: 

C 

■Fatty oil or fat, per cent 100 

where: 

C = saponification number of the com- 
pounded oil, and 

F = saponification number of the fatty 
oil or fat. 

Note 8. — For this calculation, the following 
saponification numbers may be used:® 


Fatty Oil or Fat 

Castor . 

Cottonseed 

Blown cottonseed 

Fish. 

Lard oil 

Neatsfoot 

Peanut 

Rapeseed. ...... 

Blown rapeseed . . 

Soybean 

Sperm 

Tallow. 


Saponification Number 

...176 to 187 
... 187 to 197 
... 210 to 225 
. . . 140 to 193 
... 190 to 198 
... 193 to 204 
... 186 to 197 
... 170 to 179 
... 195 to 216 
... 189 to 197 
. . . 120 to 140 
... 193 to 198 


* Inasmuch as the saponification number of degras 
varies between 85 and 150 according to the country of its 
origin and its degree of refinement, it is not possible to 
calculate percentages of degras in compounded products 
unless the saponification number of the degras used is 
known. 


Identification of Fat 

10. In an unknown sample, particu- 
larly when a low saponification number 
leaves doubt as to whether fat is actu- 
ally present, the fatty acid may be ex- 
tracted (as the soap) and recovered for 
gravimetric determination. For this 
purpose, the saponified and neutralized 
solution (Section 8) shall be treated as in 
a grease analysis, as described in Section 
14 (b) of the Standard Methods of 
Analysis of Grease (A.S.T.M. Designa- 
tion; D 128) of the American Society 
for Testing Materials.® The fatty acid 
is thus obtained and may then be used 
for subsequent identification tests. 

Reproducibility of Results 

11. With proper care and attention to 
details, determinations by different 

« 1946 Book of A.S.T.M. Standards, Part III-A. 
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operators should agree within plus or 
minus 0.5 saponification numbers for 
values less than 5.0, and within plus or 
minus 0.7' saponification numbers for 
values above 5.0. In the case of 
straight fats and fatty oils, determina- 
tions by different operators should agree 


within plus or minus 4.0 saponification 
numbers. 

Note 9. — No specific permissibie differences 
can be given for highly colored new or used oils, 
or for oils which produce dark-colored solutions 
upon saponification, as color may interfere with 
the detection of the end point of the titration. 


Standard Methods of 
TESTING GLASS SPOOL INSULATORS^ 



A.S.T.M. Designation: D 550 - 44 
Adopted, 1944A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 550; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods are intended to apply 
to the testing of glass spool insulators 
used for secondary power distribution. 

Sampling 

2. Sampling for purpose of these test 
methods shall be as specified. The glass 
insulators shall be selected in such a man- 
ner as to be representative of the lot. 
Sampling for testing by the purchaser on 
individual shipments shall be by mutual 
agreement between the purchaser and 
the seller. 

Routine Tests 

3. Routine tests shall consist of visual 
inspection for physical and structural 
defects, gaging for pin cavity formation, 
and mechanical test for structural 
strength, applied in that order. Me- 
chanical strength tests shall be made only 
on insulators which are free from objec- 
tionable physical and structural defects 
and have passed visual inspection. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T Ji. 
Committee D-9 on Electrical Insulating Materials. 

® Prior to adoption as standard, these methods were 
published as tentative from 1939 to 1944, being revised in 
1941. 


Structural Defects 

4. The finish of the insulators as in- 
dicated by the presence or absence of 
structural defects, such as cracks, chips, 
folds, and stones, or other visible flaws 
covered in the purchaser’s product 
specifications shall be determined by 
visual inspection. 

Chips are defects caused by the frac- 
ture and complete removal of a portion 
of the insulator. 

Folds are linear indentations of the 
surface of the insulator caused by the 
meeting and partial welding of a re- 
entrant portion of a surface which has 
been partially chilled in some previous 
stage of the process of manufacture. 

Stones are foreign, solid, inorganic 
matter completely or partially sur- 
rounded by glass, usually consisting of 
particles of refractory material, crystal- 
line products due to combination of re- 
fractories and glass batch constituents, 
particles of an incompletely melted 
batch, or products of devitrification of 
the glass. 

Gaging 

5. The gaging test is intended to 
determine whether the pin cavity is 
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properly formed with smooth and uni- 
form bore. The gage shown in Fig. 1 
shall be inserted in the pin cavity, of the 
glass insulator and observation shall be 
made of the , fit. 



Fig. 1. Gage for Testing Pin Cavity. 


Mechanical Strength 


6. The insulator shall be mounted in 
a supporting structure (Fig. 2), ap- 



Fig. 2.— Assembly for Mechanical Strength 
Test. 


proximating a section of a standard 
secondary rack, which shall be fastened 
to one head of the tension testing 
machine. The load shall be applied 
mechanically at right angles to the rod 
through the glass insulator by means of a 
f-in. flexible 6 by 19 wire rope in the wire 
groove of the insulator. The method 
of applying the load is showm in Fig. 3 
(A copper-weld shackles procurable 
from line hardware manufacturers may 
be substituted). The load shall be in- 
creased from 75 per cent of the rated 
strength of the insulator to failure at a 


rate per minute of not less than 30 nor 
more than 60 per cent of the rated 
strength of the insulator. The strength 
nf the insulator shall be considered as the 
load at the first sign of failure. 

Report 

7. A report shall be made of tests 
made on each day’s production of glass 
insulators and shall include the following: 

(i) A description of the material, the 
name and type, date of manufacture, 


load 



Fig. 3. — Shackle for Mechanical Strength Test 
of Glass Spool Insulators, 

and number of insulators in the day’s 
production. 

(2) The number of insulators tested 
and the results of each test, including 
the minimum and average value of the 
mechanical strength tests in pounds. 

Record 

8. The results obtained shall be pre- 
served as a record. 

Marking 

9. Glass insulators inspected and tested 
during production in accordance with 
these methods of test may be so desig- 
nated by imprinting on the container 
the date of manufacture, and the state- 
ment that they were tested in accordance 
with A.S.T.M. Methods D 550- 44, 
together with a reference to the test re- 
port by number. 







Standard Methods oj 

TESTING PIN-TYPE, LIME-GLASS INSULATORS’ 



A.S.T.M* Designation': D 468 - 46 ' 

Adopted, 1942; Revised, 1946.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 468; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods are intended to 
apply to the testing of two types of 
pin-t>T^ lime-glass insulators: 

(1) Those having a dry flashover of 
85,000 V. or less, and used for sup- 
porting conductors of primary and 
secondary power distribution systems. 

( 2 ) Those used for supporting con- 
ductors of open -wire communication 
and signal lines. 

Routine, 'Tests , 

2. Routine tests shall consist of visual 
inspection for physical and structural 
defects; electrical characteristics of in- 
sulating material as to dielectric constant 
and dissipation factor; thermal shock 
test for homogeneity and uniformity of 
annealing; gaging for pin-hole formation; 
and mechanical test for structural 
strength, the tests being applied in that 
order. Thermal shock and mechanical 
strength tests shall be made only on 
insulators which are free from objec- 
tionable physical and structural defects 
and have passed visual inspection. Sepa- 
rate insulators shall be used for each 


test, and insulators which have been 
gaged or tested shall be discarded. 

Structural Defects ' 

3. The finish of the insulators as 
indicated by the presence or absence of 
structural defects, such as cracks, chips, 
folds, and stones, or other visible flaws 
covered in the purchaser's product speci- 
fications shall be determined by visual 
inspection. 

Chips are defects caused by the frac- 
ture and complete removal of a portion 
of the insulator. 

Folds are linear indentations of the 
surface of the insulator caused by the 
meeting and partial welding of a re- 
entrant portion of a surface which has 
been partially chilled in some previous 
stage of the process of manufacture. 

Stones are foreign, solid, inorganic 
matter completely or partially sur- 
rounded by glass usually consisting of 
particles of refractory material, crystal- 
line products due to combination of 
refractories and glass batch constituents, 
particles of an incompletely melted 
batch, or products of devitrification of 
the glass. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1937 to 1942, being revised 
in 1938, 1939, and 1942. 


Electrical Characteristics 

4. Dielectric constant and dissipation 
factor shall be measured on plaque 
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specimens of the same material as that, 
used in producing the insulators. The 
size of specimens and the measurement 
method shall be in accordance with the 
Tentative Methods ^ of Test for Power 
Factor and Dielectric Constant of Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 150).'^ 

Thermal Shock Test 

5. (a) The thermal shock test consists 
in transferring the insulators in a hori- 
zontal position from a hot- water bath 
to a cold-water bath and then from a 
cold to a hot bath. The transfer may- 
be performed manually or with the aid 
of a machine designed for the purpose. 
In the latter case certain precautions 
in handling are desirable as outlined 
below. The methods are believed to be 
equivalent^ and are intended to be used 
interchangeably; the maintenance of 
temperature and the agitation of the 
baths compensate for the slightly longer 
time of transfer in the machine method. 
When these methods are made the basis 
of a purchase specification the pur- 
chaser’s choice of method shall prevail 
or control. 

(b) Water Baths , — Two water baths 
are required. The containers may be 
made of planking. If metal containers 
are employed, they shall be insulated 
with 1 in. of cork or equivalent material 
to prevent excessive cooling at the sides. 
Provision shall be made for thoroughly 
stirring the water in both baths in the 
manual method, and in this method the 
volume of water in each bath shall be at 
least 50 times the volume of the glass 
immersed. In the machine method both 
baths shall be equipped with means for 
keeping the water agitated so that it 
circulates thoroughly about the bath at 
all times during the test period. The 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M . Designations at front of book. 

4 For a comparison of results obtained by the two pro- 
cedures see K. C. Lyon and R. F. Scott, 'Thermal Shock 
Testing of Lime-Glass Insulators,” A.S.T.M. Standards 
on Electrical Insulating Materials, p. 469 (1944). 


temperature of both baths shall be main- 
4ained within plus or minus 2 F. of the 
specified value throiighout the immersion 
period, and the volume of water in each 
bath shall be at least 20 times the volume 
of glass immersed. 

One bath shall be equipped with 
means for heating the water and the 
heating device shall be so placed that 
the bath will be heated uniformly when 
the normal agitation is employed. The 
bath should not be heated by any method 
which applies heat directly to the walls 
of the container such as heating the 
container on a hot plate. In the manual 
method no heat is to be added during 
the period of immersion; the hot w^ater 
may be poured into the container for 
each test if a supply of preheated water 
is used. In the machine method heat 
is added as may be necessary to main- 
tain the temperature. 

The other bath shall be equipped with 
means for introducing cold water as 
required. If ice is used to adjust the 
temperature of the cold bath, it shall be 
removed from the bath and the water 
stirred before immersing the insulators. 

(c) Rack . — A rack for immersing the 
insulators in the baths shall be so 
arranged as to keep the insulators sepa- 
rated from each other and to support 
them in a substantially horizontal posi- 
tion. There should be holes in the base 
of the rack and in the sides between the 
slats so as to permit free circulation of 
the water of the baths between the insu- 
lators when immersed and so as to permit 
a uniformly smooth transfer of the 
insulators without causing excessive agi- 
tation at the time of immersion.^ There 
shall be a clearance of at least 2 in. 
between the outermost insulators and 
the wmlls of the bath. 

s An automatic mechanical apparatus suitable for this 
test may be adapted from that shown in Fig. 1 of the Stand- 
ard Method of Thermal Shock Test of Glass Containers 
(A.S.T,M.Designation: C 149), see 1946 Book of A.S.T.M.. 
Standards, Part II, and for which detail drawings are avail- 
able at a nominal cost from the American Society for 
Testing Materials, 1916 Race St., Philadelphia 3, Pa. 
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Note h Threads shad be of occurofe dimen- 
sion , finish dry cut and polished offer 
hardening. 

Note I' Moferio! - Tool sfeef, hardened. 

Note 3 -Finish ; Smoofh except as noted 
Note 4 -Threads: 4 threads per inch, taper- 
ing in diameter to F in length. 

Note 5- Gage should read zero when top 
end of plunger is even with Line'* A, 

Fig. 1. — ^Insulator Thread Gage. 

{d) Thermometers. — Standard ther- 
mometers, preferably partial-immersion 
thermometers graduated in degrees Fah- 


renheit, having a range of 0 to 300 F, 
and conforming to, the requirements for 
thermometer IF - 39 as prescribed in 
Standard Specificatioiis for A.S.T.M. . 
Thermometers (A.S.T.M. Designation : 
E 1)^ shall be available for checking the 
temperatures of the baths. 

(e) Procedure. — The water shall be 
stirred and then the temperature of each 
of the water baths shall be checked for 
uniformity by noting the temperature at 
various places in the bath. The insu- 
lators shall be submerged in the bath by 
means of wooden racks and in such 
manner as will cause the minimum 
disturbance of the water. They shall 
be submerged to mid-depth of the bath 
to permit the filling of the pin cavity 
and between petticoats. At least four 
insulators of each type shall be tested 
at one time. 

(f) Hot to Cold Shock. — ^The insulators 
shall be placed in the hot-water bath for 
10 min. and then immersed 5 sec. later, 
manual method (IS sec. later, machine 
method), in the cold-water bath, left 
therein for 10 min., and then removed 
and examined. The temperature of the 
water in the hot bath shall be between 
120 and 140 F. (49 and 60 C.), and the 
temperature difference between the hot 
and the cold baths at the time of im- 
mersion shall be 70 dz 2 F. (39 ± 1C.), 

(g) Cold to Hot Shock.- — The same in- 
sulators shall then be placed in the cold- 
water bath for 10 min. and then im- 
mersed 5 sec. later, manual method (15 
sec. later, machine method), in the hot- 
water bath, left therein 10 min., and 
then removed and examined. The tem- 
perature of the water in the hot bath 
shall be between 150 and 170 F. (65 
and 77 C.), and the temperature differ- 
ence between the cold and the hot baths 
at the time of immersion shall be 100 ± 
2 F. (56 d= 1 C.). 

{h) Ohsefmtion$.’--~MtQX each of the 
above thermal shock tests (Paragraphs 
(/) and (g) the insu^ be ex- 
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■amined for presence or, absence of crack- 
ing, chipping, and spalling.' 

Gaging Threads 

6. The gaging test is intended to deter- 
mine whether the pin hole is properly- 
formed with smooth and uniformly 


“lit— I 


•gage and when so seated, observation; 
shall be made of the clearance in inches 
between the top end of the gage and the 
crown of the insulator. There shaU 
be no perceptible play or rocking of 
the insulator when seated on the gage* 
The number of turns necessary to release 


4 THREADS f»ER JtSiCtf, 

RIGHT Hand. TAPER Mil INCH 
PER FOOT VARIATION IN 
TAPER IN THREADED 
LENCTHt.OOS 



ALL DIMENSIONS IN INCHES 

Fig. 2. — Gage for Wooden-Pin Insulators. 


pitched threads. Separate gages are 
required for the several types of insu- 
lators. Figure 1 shows the gage for power 
insulators, Fig. 2 is the gage for wooden- 
pin communication insulators, and Fig. 
3 gives the gage for communication 
insulators (type CSC). The insulator 
shaU be screwed home on the appropriate 


the gage shall be determined by holding 
the insulator upside down and counting 
the revolutions of the insulator required 
before it can be disengaged from the 
gage. 

Mechanical Strength Test 
7. The insulator to he tested shall be 
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.Mdunteci '<>11 .tte steel 'pin, detailed in 
pfoVided with a threaded thimble 
brxapof .lead eon taming not over 5 
per cent of antimony, so mounted as to 
furnish sufficient strength to prevent 
permanent deflection during the pull 


up in a practically stepless variation to 
the failure point. The load shall be 
increased rapidly to approximately 75 
per cent of the rated strength of the 
insulator and at a slower rate from this 
point to failure. The rate of increase 



TAPER 
l.MI IKICH 
PER FOOT 


note: 

TO FACILITATE REPLACEMENT OF PARTS, THE GAGE 
MAY BE MADE OF MORE THAN ONE PIECE* 

ALL dimensions in INCHES 


Fig 3. — Gage for Carrier-Current Insulators (CSC). 


required to fail the insulator. The load 
shall be applied mechanically at right 
angles to the pin by means of a f-in. 
flexible 6- by 19- wire rope in the side 
groove of the insulator. The method of 
applying the load is shown in Fig. 5 
(rk copper weld shackles procurable 
from line hardware manufacturers may 
be substituted). The load shall be 
started at zero and smoothly brought 


of load from 75 per cent of rating to 
failure shall be as follows: 


Class of 
Insulator 

Pin-type 


Increase in Load 
per Minute in 
Percentage of 
Rated Strength 
Type of Test Min. Max. 

Cantilever. .. .30 60 


The strength of the insulator shall be 
the total load at first visible crack or 
fracture of the glass. 
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Electrical Voltage Tests® 
Low-Frequency Bry Flasliover Test 

8, {a) Mmmting Arrangement . — The 
test specimen siiali be mounted on a 1-in. 
diameter metal pin on a crossarm which 
shall be a horizontal, straight, smooth, 
grounded, metallic tube or structural 
member having a horizontal width not 


The pin shall . be ■ coaxial with the 

insulator. 

(J) Top Electrode.---l^}xe to^ electrode 
or conductor shall be a horizontal round 
rod or tube placed at right angles to the 
supporting crossarm and of a diameter 
not less than 0,5 in. It shall be of such 
length that arc-over will not be initiated 
at its ends. The conductor shall be 


I "U. S. Standard' 
Thread 
9 Threads 
per Inch 


Material 

Cold-Rolled 

Steel 


j£u. S. Standard' 
Thread 


7 Threads 
per Inch 
R.H. 



diameter at 
Small End 
of Taper 


-'Note - Taper in 
Diameter per Inch 
in Length 

Materia/ 
'Tbstuf " Type A '' 

1 Chromium Vanadium 
[ Stee/, Tensile Slrenglh 
vl l2500Dbl!6000psl, 
Brlnell Hardness 
277 to 321 

§iIS.$tandard Thread 
SThreads per Inch 

4 Threads per inch R.H. 

j TW paper ^ in Diameter per Inch in 

i. 11 _ J L Length 

5 " 

^ Materia/ 

Cast Lead 

Taper £ in Diameter per Inch in Length 


Fig. 4. — Detail of Testing Pin and Cap. 


less than 3 nor more than 6 in. It shall 
be of such length that arc-over will not 
be initiated at its ends. The metal pin 
shall be mounted vertically and be of 
such length that the shortest dry arcing 
distance from the upper electrode and 
connected metallic parts to the support- 
ing crossarm shall be 25 per cent greater 
than the similar distance to the pin. 

6 The electrical voltage test procedures described in 
Sections 8 to 13 are essentially those prescribed in the 
American Standard Insulator Tests (ASA No.: G29.1 — 
1944). 


placed in the top wire groove of the 
insulator or any other means provided 
for the conductor support as in service. 
If a tie wire is to be used, the conductor 
rod or tube shall be secured by means of 
at least one turn of wire having a 
diameter not smaller than No. 8 A.w.g., 
the ends being closely wrapped about 
the rod on each side of the insulator. 

(c) Proximity of Other Objects.— No 
other grounded object or structure shall 
be nearer any part of the specimen or its 
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electrodes than ' one and one-half times 
the specimen dry arcing distance, with a 
minimum allowable spacing of 3 ft. 

{d) Voltage Application. — ^The initial 
applied voltage may be quickly raised to 
approximately 75 per cent of the ex- 
pected average dry-flashover value. 
The continued rate of voltage increase 
shall be such that the time to flashover 
will be not less than S sec. nor more 
than 30 sec. after 75 per cent of the flash- 
over value is reached. 


load 



Fig. 5. — Shackle for Mechanical Strength 
Test of Glass Pin-Type Insulators. 

(e) Dry~Flashover Voltage Value . — 
The diy-flashover voltage value of a 
specimen shall be the arithmetic mean 
expressed in rms. volts of not less than 
five individual flashovers taken con- 
secutively. The period between ' con- 
secutive flashovers shall be not less than 
15 sec. nor more than 5 min. 

Low-Frequency Dry-Fiashover Cor- 
rections 

9, (a) Standard Conditions. — ^Dry- 
flashover values shall be corrected to the 
following standard conditions: 

Barometer 29.92 in. (760 mm.) of 

mercury 

Temperature 77F. (25C.) 

Vapor pressure 0.6085 in. (15.45 mm.) 


(6) Air Density.~ThQ dry-flashover' 
value shall be corrected to standard air 
density in accordance with the American 
Standard for Measurement of Test 
Voltage in Dielectric Tests (ASA No.:' 
C68.1-1942). The relative air density 
(RAD) shall be calculated as follows: 


17.9B(in. 
459 + j5(F.: 


or 


0.392B(mm.' 
273 + )(C. 


where: 

t = room temperature, and 
B = barometric pressure 

(c) Humidity. — The low-frequency 
dry-flashover value shall be corrected to 
standard humidity conditions in accord- 
.ance with the tentative curve shown in 
Fig. 6. 


1.24 
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FOR flashover values below 
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' The vapor pressure shall be determined 
by the following procedure: Humidity 
shall be measured with wet and dry bulb 
thermometers, the air being circulated 
past the thermometers at a velocity of 
3 m. (9.84 ft.) or more per second or by 
the sling psychrometer. The measure- 
ments shall be reduced to vapor pressure 
with the assistance of the Smithsonian 


i' ■ == temperature of ■ the ^ wet bulb , 
thermometer in degrees Fahren- 
heit, or Centigrade, and ^ 
B = barometric pressure' in inches or 
millimeters. 

(d) Reproducibiliiy . — ^Due to differ- 
ences in atmospheric and other un- 
controllable conditions, even with 
properly standardized equipment, a vari- 



OETAILS OF THREADS ON INTERNAL 
ELEMENT 


Fig. 7. — Spray Nozzle. 


Meteorological Tables or by the follow- 
ing formula: 


English Units: 


E-= - 0.000367 Bit- t') 



Metric Units: 

E = E -- 0.000660 Bit- OH + O.OOllSd') 
where: 

£ = vapor pressure in inches or milli- 
meters, 

£' — pressure of saturated aqueous 
vapor at temperature f, 
t == temperature of air in degrees 
Fahrenheit or Centigrade, 


ation of plus or minus 5 per cent from the 
probable true average dry-fiashover 
value may be expected in tests conducted 
in one laboratory, and plus or minus 
8 per cent in values obtained in tests 
conducted in different laboratories. 

Low-Frequency Wet-Flashover Test 

10. (a) Mounting ArrangemenL — ^The 
test specimen shah be mounted in 
accordance with Section 8 (b) 

and (c). 

(b) Spray Nozzles . — ^The insulator 
being tested shall be placed in an area 
supplied with a reasonably uniform 
artificial precipitation produced by a 
suitable number of spray nozzles of the 
design shown in Fig. 7 or equivalent. 
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(c) Direction of Spray. — ^The spray 
shall be so directed as to strike the 
insiilator downward at an angle of 45 deg. 
from the vertical and parallel to the 
vertical plane through its axis within 
practical limitations. 

(d) Rate of Precipitation. — ^The stand- 
ard rate of precipitation at the specimen 
shall be 0.2 in, (5.08 mm.) per min, when 
measured as described in Paragraphs 

(i), O’), {k), il), (m). 

(e) Resistivity of Spray Water . — ^The 
standard resistivity of the spray water 
shall be 7000 ohms per cu. in. (17,800 
ohms per cu. cm.) at the temperature at 
which the water strikes the specimen. 
The resistivity of the spray water shall 
not deviate more than 15 per cent from 
the standard. 

(f) Temperature of Spray Water . — 
The temperature of the spray water when 
it strikes the specimen shall not deviate 
more than IS C. from room temperature. 

Note. — ^N o exact data are available on the 
effect of variation in water temperature. Ex- 
perience indicates, however, that normal vari- 
ations in water temperature are unimportant 
provided the correct resistivity is maintained. 

(g) Pressure of Spray Water . — ^The 
spray water shall be delivered to the 
nozzles at pressure of not less than 35 
psi, (2.46 kg. per sq. cm.) and at not 
more than 60 psi. (4.22 kg. per sq. cm.) 
measured near the nozzle. 

Qi) Area Sprayed. — ^The specimen 
shall be centrally located by inspection 
in an area uniformly sprayed having a 
width at least two times and a length at 
least one and one-fourth times that of the 
specimen being tested. 

(i) Location of Spray Equipment . — 
Spray nozzles, supply pipes, and the 
supporting structure for them shall be 
located not closer than 3 ft. from the 
specimen. 

if) Measuring Vessel . — ^The vessel 
used to collect the water for measuring 
the precipitation, resistivity, and tem- 


perature shall have a top opening 6 to 
12 in. in inside diameter with an up- 
standing rim at least 1 in. in height 
having an edge thickness not exceeding 
3 ^ in. 

(k) Position of Measuring Vessel . — 
During measurements of precipitation, 
the measuring vessel shall be held 
opposite the top of the insulating unit 
of the specimen in line between the spray 
nozzle and the axis of the specimen and 
at a point approximately 3 in. outside 
the largest diameter of the insulating 
element. The vessel shall be held with 
its top opening horizontal. 

if) Duration of Individual Measure- 
ments. — Final measurements of the rate 
of precipitation shall be accurately timed 
and shall be of a duration of at least 1 
min. for each measurement. 

(m) Tolerances on Rate of Precipita- 
tion. — For precipitation measured in 
accordance with Paragraph {k) and (/), 
the measurement shall not deviate more 
than 10 per cent from the standard. 

. (w) Constancy of Spray Conditions . — 
Care shall be exercised to see that the 
nozzle pressure and other spray condi- 
tions remain practically constant while 
the tests are being made after final 
adjustments of the precipitation are 
completed. . 

{o) Preliminary W etting. — ^At not more 
than 1 min. prior to placing the insulator 
in the spray, the entire surface of the 
insulator shall be given a thorough 
preliminary wetting either by immersion, 
by spraying in an inverted position, or 
by using a hose on the insulator in its 
test position. Water used for prelimi- 
nary wetting shall have the same re- 
sistivity as the spray water. 

ip) Voltage Application.— Kt not less 
than 1 min. after the final adjustment of 
the spray the applied voltage may be 
raised quickly to approximately 75 per 
cent of the expected average wet-fiash- 
over value. The continued rate of 
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voltage increase shall be such that the 
time to flashover will not be less than 
5 sec. nor more than 30 sec. after 75 per 
cent of the flashover value is reached. 

(q) Wet-Flashover Voltage Value . — 
The wet-flashover voltage value of a 
specimen shall be the arithmetic mean 
expressed in rms. volts of not less than 
five individual flashovers taken con- 
secutively. The period between con- 
secutive flashovers shall be not less than 
15 sec. nor more than 5 min. 

Low-Frequency Wet-Flashover Cor- 
rections 

11. (a) Standard Conditions. — ^Wet- 
flashover values shall be corrected in 
accordance with Section 9 {a) and (h). 

(b) Humidity . — No correction for hu- 
midity shall be made on wet-flashover 
values. 

(c) Reproducibility . — ^Due to variations 
in water spray and differences in atmos- 
pheric or other uncontrollable conditions, 
even with properly standardized equip- 
ment, a variation of plus or minus 8 per 
cent from the probable true average wet- 
flashover value may be expected in tests 
conducted in one laboratory and plus or 
minus 12 per cent in values obtained in 
tests conducted in different laboratories. 

Impulse -Flashover Test 

12. (a) Mounting Arrangement . — The 

test specimen shall be mounted in 
accordance with Section 8 (a), (^), 

and {c) . 

{b) Impulse-Voltage Wave . — ^All tests 
shall be made with a Ij by 40 micro- 
second wave. 

{c) Determination of Impulse-Flashover 
VoUage.— The critical impulse-fiashover 
voltage may be determined by either of 
the following methods : 

Method No. 1.— The critical impulse- 
flashover voltage shall be determined by 
applying impulses of varying magnitude 
to the specimen and measuring the crest 


voltage of the impulse which will cause 
flashover on approximately 50 per cent 
of the applications. Impulses shall be 
applied in increasing or decreasing volt- 
age steps, such that at the highest step 
flashover occurs on every impulse and at 
the lowest step no flashover occurs. At 
least three impulses shall be applied at 
each voltage step and the voltage 
differential from one step to the next shall 
not exceed 5 per cent of the expected 
critical impulse-flashover voltage. In 
cases where the voltage spread from the 
highest to the lowest step is relatively 
. great, the critical impulse-flashover 
voltage may be determined by plotting 
an average curve of crest voltage versus 
flashover frequency. The crest voltage 
at the point where the flashover fre- 
quency is 50 per cent shall be taken as the 
critical impulse flashover. 

Method No. 2. — ^The critical impulse- 
flashover voltage shall be obtained by 
applying not less than eight impulses of 
varying magnitude to the specimen so 
that flashover occurs on not less than 
30 and not more than 70 per cent of the 
■ total impulses applied. The critical 
impulse-flashover voltage shall be the 
crest value of the lowest impulse causing 
flashover. At least one full impulse 
wave shall be greater than 95 per cent 
of the critical impulse-flashover voltage, 

(d) Volt-Time Flashover Curves . — ^The 
complete impulse-fiashover character- 
istics of a specimen tested with the 
by 40 microsecond wave may be 
presented by means of volt-time curves. 
Data for plotting volt-time curves shall 
be obtained by increasing the excitation 
voltage of the impulse generator in 
percentage steps of the excitation voltage 
at the approximate critical flashover. 
The voltage may be measured by means 
of a parallel-sphere gap or a eathode-ray 
oscillograph and the time to flashover 
may be measured by means of a cathode - 
ray oscillograph. 
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' Enougli test, points shall be deter- 
mined to define the curve within the 
required limits. Volt-time curves shall 
be plotted as a smooth line representing 
the most probable mean of the data 
points and terminating at the longest and 
shortest measured times. 

Impulse ■ Fiashover ' Corrections 

13. (a) Standard Conditions— Th.t 
critical impulse-flashover values shall be 
corrected in accordance with Section 
9(fl)and(J). 

(J) Humidity , — ^The critical impulse- 
flashover value shall be corrected to 
standard humidity conditions in accord- 
ance with the tentative curves shown in 
Fig. 8, 

The vapor pressure shall be deter- 
mined in accordance with the procedure 
described in Section 9 (c). 

{c) Volt-Time Curves , — The full hu- 
midity correction shown on the curves in 
Fig. 8 shall be applied to the critical 
fiashover value. For volt-time curves 
the correction shall be made as follows: 

(1) When the critical fiashover 
value occurs at more than 10 microsec- 
onds, full corrections shall be applied 
to all values with time lags of 10 micro- 
seconds or more. When fiashover 
occurs at less than 10 microseconds, 
the correction shall be reduced in the 
direct ratio that the time to fiashover 
bears to 10 microseconds. 

(2) When the critical fiashover value 
occurs at less than 10 microseconds, the 
correction shall be reduced in the direct 
ratio that the time to fiashover bears 
to the time at the critical fiashover. 

(d) Reproducibility , — ^Due to differ- 
ences in atmospheric and other un- 
controllable conditions, even with 
properly standardized equipment, a vari- 
ation of plus or minus 5 per cent from 
the probable true average critical impulse- 
fiashover value may be expected in tests 
conducted in one laboratory and plus or 


minus 8 per cent in values obtained in 
tests conducted in different' laboratories. 
In volt-time curves similar variations are 
to be expected at points near the critical 
impulse-fiashover value with consid- 
erably larger variations involved as the 
time to breakdown decreases. 

Report 

Report 

14. A report shall be made of tests 
made of each day^s production of insu- 
lators and shall include the following: 

(a) A description of the material, the 
name and type, date of manufacture, 



Fig. 8.— Impulse Humidity Correction Factors. 


and number of insulators in the day^s 
production. 

(&) The number of insulators tested 
and the results of each of the routine 
tests, including: 

(i ) The hot to cold and cold to hot 
thermal shock sustained, 

■ ( 2 ) The. minimum number of turns 
to release the gage, and limits of clear- 
ance in inches between the top end of 
the gage and the crown of the insulator, 
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(J) The minimum and average value 
of the medianicaT strength tests in 
pounds. 

Record 

TS. The results obtained shall be pre- 
served as a record. 

Marking 

. 16. Insulators^ : inspected and tested 


during production in accordance with 
these methods of test may be so desig- 
nated by imprinting on the container the 
date of manufacture, and the statement 
that they were tested in accordance 
with- A.S.T.M. Methods D 468, to- 
gether with a reference to the test report 
by number. 


Standard Methods oj 

TESTING ELECTRICAL PORCELAIN* 



A.S.T.M. Designation: D 116-44 
AnopxED, 1930; Revised, 1934, 1939, 1942, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 116; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods outline procedures 
for making the various tests described 
when they are required for an investi- 
gation or examination of porcelain or 
similar vitrified ceramic materials used 
as electrical insulating mediums. They 
are not to be interpreted as forming test 
specifications for complete insulators. 

Note. — The glaze on a porcelain object may 
affect certain properties of the material, depend- 
ing not only upon its presence but also upon its 
thickness and composition. While the test 
methods have been written with the intent of 
applying to unglazed specimens, they are equally 
suitable for glazed specimens. The report of 
test should in all cases indicate whether the 
specimens are glazed or unglazed- 

Tensile Strength 

Apparatus 

2. Any universal testing machine of 
suitable capacity may be used provided 
the error in the loading range does not 
exceed 1 per cent. 

1 Under the standardiKation procedure of the Society, 
these methods are under the jurisdiction of the A:S.T,M. 
Committee D-9 on Electrical Insulating Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1921 to 1930, being revised in 
1924, 1926, 1927, 1928, and 1929. 


Test Specimens 

3. (a) The tension test specimens shall 
be of the form and dimensions shown in 
Fig. 1. 

(6) For wet-process porcelain, the 
test specimens shall be made from a 
column obtained by forcing the batch 
mixture through a die. Sections of the 
column, after thorough drying, shall be 
formed to the required shape with due 
allowance for shrinkage. During the 
firing, care shall be taken to maintain 
the axis perfectly straight. 

(c) For cast porcelain, the specimens 
shall be cast in molds of calcined gyp- 
sum (plaster of Paris) having the re- 
quired shape, due allowance being made 
for all shrinkages. None of the material 
except the fins shall be removed from 
the specimen. 

(d) For dry-process porcelain, the 
specimens shall be formed by pressure 
into the required shape in metal molds 
with due allowance for all shrinkages. 

Mounting of Specimens 

4. (a) Suitable grips for holding the 
specimen shall be self-aligning and shall 
grip the specimen over sufficient area 
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and in a manner not to cause pinching arranged like gimbals or a universal 
near the minimum section nor local joint used for maintaining a mariner’s 
compression at the smaller ends of the compass, in position. A yoke allows a 



Note i Dimensions of split Ring Bushing are 
Finished Dimensions before Bushing fsSplit 
jg should be cut from each Half when Split 
to give ^"Space when Assembled. 

Fig. 2. — Grips for Tension Testing of Porcelain. 

metal grips. Grips designed for the ring to swing about a horizontal axis, 
purpose and found satisfactory are A smaller ring is situated inside the first 
shown in Fig. 2. In principle they are one but pivoted by means of pins in a 










^T’OTSBE^^ 


Fig. 3.^ — ^^Grips and Test Specimens Assembled in Testing Machine Fig. 4. — Apparatus for Tension Testing of Porcelain Including 

in Tension Testing of Porcelain. Grips, Specimen, Split Ring and Blotting Paper Gasket. 
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plane perpendicular to the horizontal 
axis. The inner ring is conically shaped 
and holds the porcelain specimen in 
place with the aid of the split bushings. 
The two yokes are placed in the testing 
machine at right angles to each other. 

The test specimen shall be fitted 
with a compressible gasket around each 
conical end with the parallel edges nearly 
touching. Blotting paper or sheet lead 

in. in thickness has been found satis- 
factory. The gasket may be held in 
place, while assembling the test speci- 
men in the grips, by a temporary clamp 
at the place of minimum section. After 
the specimen has been arranged in 
place ready for test, the temporary 
clamp shall be removed. The grips 
holding the test specimen in place in 
the testing machine are shown in Fig. 3. 
A disassembled view of the apparatus 
is shown in Fig. 4. 

Procedure 

5. (a) The diameter of each specimen 
at the minimum section shall be meas- 
ured with a micrometer graduated to 
0.001 in. (0.025 mm.). The value of the 
diameter to be used in the calculation 
shall be the average of two measure- 
ments taken at right angles. 

(b) The tests shall be made at a tem- 
perature of about 20 C. (68 F.). 

(c) The speed of head of the testing 
machine shall be such that the load can 
be accurately weighed, 

((i) Not less than five specimens 
shall be tested. 

(e) Results on specimens which do 
not break in the section of minimum 
cross-section shall be included, although 
the unit stress shall be calculated using 
the minimum cross-section. Any re- 
sults whose deviation from the mean of 
the deviations is more than three times 
the mean of the deviations shall be dis- 
carded. 


Report 

6. The _ report shah mclude ' the foF 

lowing: 

(1) The breaking load of each speci- 
men in pounds, 

(2) The diameter of each specimen in 
inches at the place of break and at the 
minimum section, 

(3) The tensile strength of each speci- 
men in pounds per square inch, ' 

(4) The average of the results given 
in Item (3) and the percentage aver- 
age deviation from the mean, 

(5) A description of each fracture and 
the behavior of the material under load. 
The description of the fracture should 
indicate whether the fractured area was 
totally or partially rough, and whether 
pin holes or other flaws were found. 

Note. — An examination of the fracture of a 
normal specimen will show the entire area to 
consist of a very coarse granular surface, indicat- 
ing that the entire area was subjected to tension 
and that the entire surface resisted it. In a 
specimen containing a pin hole or other flaw, 
the fracture will usually start near that flaw or 
pass through it. Part of the surface further 
away from the flaw will be granular, but the 
surface near the flaw will be much smoother. 
If the specimen is compressed at a narrow por- 
tion near one of the grips, the surface is again 
divided into two distinct areas, the area of 
tension and the area of shear, the latter radiating 
from the spot which was most under compres- 
sion. 

(6) The rate of application of the load, 

(7) The name and rating of the ma- 
chine used to make the tests, and 

(8) A curve sheet showing the tensile 
strength in pounds per square inch of 
each specimen, the first value being the 
lowest and each succeeding one the 
next higher. 

Compressive (Crushing) Strength 
Apparatus 

7. Any universal testing machine of 
suitable capacity may be used provided 
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the error in the loading range does not 
exceed 1 per cent. 

Test Specimens 

8. The compression test specimens 
shall be in the form of cylinders and 
shall be 1.125 in. (2.86 cm.) in length 
and 1.125 in. (2.86 cm.) in diameter. 
They shall be made as described in Sec- 
tion 3 (&), (c), and (d). The fiat sur- 
faces shall be made as smooth and paral- 
lel as possible before firing. After firing, 
the fiat surfaces shall be ground smooth 
and parallel. 

Procedure 

9. (a) A contact pad or cushion of 
blotting paper ^ in. in thickness shall be 
placed between the upper ai^d lower 
faces of the specimen and the self- 
aligning heads of the testing machine to 
equalize irregularities in the surfaces. 
Fresh cushions shall be used for each 
specimen. 

(b) The diameter and length of each 
specimen shall be measured with a mi- 
crometer graduated to 0.001 in. (0.025 
mm.). The value of the diameter to 
be used in the calculations shall be the 
average of two measurements taken at 
right angles. 

(c) The tests shall be made at a tem- 
perature of about 20 C. (68 F.). 

(d) The speed of head of the testing 
machine shall be such that the load can 
be accurately weighed. 

(<?) Not less than five specimens shall 
be tested. 

Initial and Ultimate Failure 

10. Note shall be made of the load in 
pounds at initial failure, but the value 
of the load in pounds at ultimate failure 
shall be determined and used in calcu- 
lating the compressive (crushing) 
strength. 


Report 

11. The report shall include the fol- 
lowing: 

(1) The load in pounds on each speci- 
men at initial failure and the load in 
pounds at ultimate failure, 

(2) The diameter and length of each 
specimen in inches, 

(3) The compressive (crushing) 
strength of each specimen in pounds per 
square inch, 

(4) The average of the results given 
in Item (J) and the percentage aver- 
age deviation from the mean, 

(5) The behavior of the material under 
load, 

(6) The rate of application of the load, 

(7) The name and rating of the ma- 
chine used to make the tests, and 

(8) A curve sheet showing the com- 
pressive strength in pounds per square 
inch of each specimen, the first value 
being the lowest and each succeeding 
one the next higher. 

Flexural Strength 
Apparatus 

12. Any universal testing machine of 
suitable capacity may be used. 

Test Specimens 

13. The flexure test specimens shall 
be in the form of cylinders and shall be 
6 in. (15.2 cm.) in “length and 1.125 in. 
(2.86 cm.) in diameter. They shall be 
made as described in Section 3 (&), (c) 
and (d). 

Mounting of Specimens 

14. The specimen shall be supported 
on two steel wedge-shaped blocks with 
supporting edge rounded to 0.125-in. 
(3.175-mm.) radius. The supports shall 
be 5 in. (127 mm.) apart and the speci- 
men shall be laid upon them with | 
in. (12.7 mm.) overlap at each end. 



97 


Tests for Electrical Porcelain (D 116 ~ 44) 


The load shall be applied on top of the 
specimen at right angles to the specimen 
and midway between the supports by 
means of a wedge-shaped pressure piece 
(angle 45 deg.), the edge of which is 
rounded on a 0.i254n. (3.175-mm.) 
radius. 

Procedure . 

15. (a) The diameter of each speci- 
men shall be measured with a microm- 
eter graduated to 0.001 in. (0.025 mm.). 
The value of the diameter to be used in 
the calculations shall be the average of 
two measurements taken at right angles 
at the middle of the specimen. 

(b) The tests shall be made at a tem- 
perature of about 20 C. (68 F.). 

(c) The load shall be applied at that 
constant rate of speed which will permit 
the beam to be kept well balanced at all 
loads. 

(d) Not less than five specimens shall 
be tested. 

Calculations 

16. The modulus of rupture for each 
specimen shall be calculated as follows : 


where: 

M = modulus of rupture, 

P = load in pounds at rupture, 

I = distance between supports in 
inches, 

d = diameter of specimen in inches, 
and 

T = 3.1416. 

Report 

17. The report shall include the fol- 
lowing: 

(1) The breaking load of each speci- 
men in pounds, 

(2) The diameter and length of each 
specimen in inches, 


{3) The modulus of rupture' for each 
specimen as calculated in Section 16, 

{4) The average of the results given 
in Item (1) and the percentage aver- 
age deviation from the mean, 

(5) A description of each fracture and 
the behavior of the material under load, 

(6) The rate of application of the load, 

(7) The name and rating of the ma- 
chine used to make the tests, and 

(8) A curve sheet showing the flexura: 
strength (modulus of rupture) for each 
specimen, the first value being the low- 
est and each succeeding one the next 
higher. 

Resistance TO Impact 
Procedure 

18. Resistance to impact shall be de- 
termined in accordance with the Tenta- 
tive Methods of Test for Impact Resist- 
ance of Plastics and Electrical Insulating 
Materials (A.S.T.M.DesignationiD 256) 
of the American Society for Testing Mate- 
rials,® using the ‘‘Simple Beam Method.’ 

Dielectric Strength 
Apparatus 

19. The apparatus shall conform to 
the requirements prescribed in Section 
3 of the Standard Methods of Test for 
Dielectric Strength of Electrical Insulat- 
ing Materials at Commercial Power Fre- 
quencies (A.S.T.M. Designation: D 149) 
of the American Society for Testing 
Materials.® 

Test Specimen 

20. The dielectric strength test speci- 
men shall be a disk approximately 2 in. 
in diameter, the flat sides being made 
plane and parallel. The thickness of 
the specimen shall be 0.250 in. (6.35 
mm.), 0.4 in. (10.16 mm.), 0.75 in. (19.05 
mm.), or 1.0 in, (25.4 mm.). The 

* Appears in this publication, see Contents in Nuroerif 
Sequence of A,S.T.M. Designations at front of book. 
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thickness shall be within plus or minus 
10 per cent of these values. 

NOTE.—The Specimen tested should be. of a 
thickness comparable to that of the finished 
porcelain product. 

Procedtsre 

21. (a) The specimen shall be tested 
between metallic electrodes 0.75 in. 


In applying the sealing wax, one end of the 
tube is dipped about | in. (9,5 mm.) into a bath 
of molten wax. Upon removal, it is immedi- 
ately pressed into place on the specimen and 
allowed to cool to room temperature. (If a film 
of wax covers the tube it should be broken before 
placing the tube on the specimen.) In order 
more thoroughly to smooth out the wax and 
seal the tube, the wax seal may be softened 
slightly with a fine moderate fiame. The test 







V‘\ vf 


Fig. 5. — Suggested Means for Holding Porcelain Dielectric Strength Test Specimen. 


(19.05 mm.) in diameter, placed exactly 
opposite each other. 

Note, — suggested means for holding the 
specimen, using mercury electrodes, is shown 
in Fig. 5. This consists of a metal tube sup- 
ported in a frame. The specimen is aflnxed to 
the metal tube using ordinary sealing wax, and 
a short glass tube is similarly aflSxed to the 
upper surface of the specimen. 


specimen should never be heated when affixing 
the tubes, as the heat may set up strains in the 
porcelain specimen that will materially affect 
its properties. 

Mercury is introduced into both tubes, avoid- 
ing entrapped air, and lead wires are placed in 
the mercury. The entire set-up is immersed 
in high-grade mineral insulating oil. It is best 
to have the ends of the tubes projecting above 
the oil level. 
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■(6) The testing voltage shall be in- 
creased at a constant rate of approx- 
imately 1000 V. per sec. until puncture 
■occurs. 

(c:) Not less than five specimens shall 
be punctured at a normal room tem- 
perature of about 20 C. (68 F.). 

Report 

22. The report shall include the fol- 
lowing: 

(1) The breakdown voltage for each 
specimen in kilovolts, 

(2) The thickness of each specimen in 
mils at point of break, 

(J) The dielectric strength in volts per 
mil calculated from the values reported 
in Items (i) and (2), and 

(4) The average breakdown voltage, 
the average thickness of the specimen 
at break, and the average dielectric 
strength in volts per mil for the speci- 
mens tested. 

Effect of Heat 

Method A, Resistance to Thermal 
Change 

Apparatus 

23. The apparatus shall consist of a 
hot-water bath maintained at 100 C. 
(212 F.) and a cold-water bath main- 
tained at 0 C. (32 F.). 

Test Specimens 

24. The test specimens shall be as 
described in Section 13. 

Procedure 

25. {a) The test specimen shall be 
immersed in the cold-water bath for 10 
min. and then transferred as quickly as 
possible to the hot-water bath, and al- 
lowed to remain there for 10 min. The 
specimen shall be transferred back to the 
cold-water bath and the cycles continued 
until the specimen breaks. 

{b) Not less than five specimens shall 
be tested. 


Report 

26. The number of cycles necessary 
to cause fracture of each test specimen 
shall be reported. ^ 

Method B, Effect on Flexural Strength 
Apparatus 

■ 27. A furnace in which a temperature 
of 900 C. (1652 F.) can be obtained anrf 
any suitable testing machine for de- 
termining the flexural strength of small 
beams may be used. 

Test Specimens 

28. The test specimens shall be as 
described in Section 13. 

Procedure 

29. (a) Not less than 12 specimens 
shall be tested. 

{b) One half of the specimens shall 
be placed in the furnace and the rate of 
heating so adjusted that the tempera- 
ture reaches 900 C. (1652 F.) in 2 hr. 
The furnace shall then be allowed to 
cool at such a rate that room tempera- 
ture is reached in 4 hr. Each of the 
specimens shall then be subjected to a 
flexure test by placing them on supports 
5 in. apart and loading them at the 
center. 

(c) The other half of the specimens 
shall be subjected to the flexure test by 
placing them on supports 5 in. apart and 
loading them at the center. 

Report 

30. The report shall include the fol- 
lowing: 

(2) The load in pounds required to 
break each specimen that was subjected 
to heat treatment, together with the 
average, 

(2) The load in pounds required to 
break each specimen not subjected to 

< This method is particularly suited to testing porcelain 
for spark plugs and heating devices, but may be used for 
tesUng other porcelains. 
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heat treatment, together with the 
average, and: 

(J) The percentage loss of flexural 
strength due to heat treatment, calcu- 
lated from the two averages. 

Porosity 

Scope 

- 31. (a) In the case of relatively coarse 
and porous bodies, the porosity of 
porcelain may be indicated by the 
amount of water which they absorb, 
expressed as percentage (by weight) 
water absorption. Method A, described 
in Sections 32 to 35, is intended to be 
used for such cases and shall be used 
whenever the value of water absorption 
is 0.1 per cent or over. 

(b) In the case of the more dense 
porcelain bodies, the porosity of porce- 
lain niay be indicated by the amount of 
gas contained in a sample of known 
volume, expressed as percentage (by 
volume) pore volume. Method B, de- 
scribed in Sections 36 to 41, is intended 
to be used for such cases and shall be 
used whenever the value of water 
absorption (method A) is less than 0.1 
per cent. 

(c) Method C, described in Sections 
42 to 46, covers the procedure for 
determining porosity ' as mdicated by 
the penetration of an alcohol-dye solu- 
tion into the porcelain body. 

Method A. Water Absorption 
Apparatus 

32. The apparatus shall consist of 
the following: 

{a) Balance.— k chemical balance. 

{b) Oven.—kik oven capable of main- 
taining a temperature of 120 dz 5 C. 
(248 zh 9 F.). 

'yTest.;>Speciiaeii,s 

33. Each test specimen shall weigh 
from 2 to 50 g. and shall have at least 
25 per cent of the surface newly 
fractured. 


Procedure 

34. {a) The specimens shall be dried 
for 2 hr. in the oven at 120 C. (248 F.) 
and then cooled in a desiccator to the 
approximate room temperature. Each 
specimen shall be weighed immediately 
upon removal from the desiccator. 

(J) The specimen shall then be trans- 
ferred to a beaker of briskly boiling 
distilled water and allowed to remain 
totally submerged therein for 30 min. 
It shall then be removed and quenched 
in distilled water at room temperature 
(about 20 C. (68 F.)) The surface water 
shall be wiped off with a soft cloth and 
the specimen weighed immediately. 

{c) Not less than five specimens shall 
be tested. 

Report 

35. The report shall include the 
following: 

(i) The dry weight of each specimen 
in grams, 

(3) The weight of each specimen after 
immersion in grams, 

(J) The percentage water absorption 
of each specimen, and 

(4) The average percentage water 
absorption of all specimens tested. 

Method B. Pore Volume 

Pore Volume 

36. The pore volume of porcelain shall 
be determined by measuring (at atmos- 
pheric pressure) the volume of air con- 
tained in a sample of porcelain of known 
volume. 

Apparatus 

37. {a) Any suitable apparatus based 
on the laws of gas expansion which will 
accomplish the measurement specified in 
Section 36 may be used. The McLeod 
gage type of porosimeter is especially 
adaptable to this determination. This 
apparatus consists of a receptacle and 
cap fitted together by a ground airtight 
joint. The cap is surmounted by a cali- 
brated capillary tube and stopcock. 
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The specimen is placed in the receptacle 
and prevented from rising into the cap 
by means of a constriction or pin. The 
receptacle is connected by a glass or 
metal pipe at the bottom to a heavy 
rubber hose which in turn is connected 
to a glass leveling bulb. The total 


(b) Volume and Length of Capillary. 
■ — For porcelain' of low-pore volume it is 
necessary to use 'a capillary of small 
diameter to read the volume of accumu- 
lated air accurately. Thus, for porcelain 
up to 1 per cent pore volume the effec- 
tive volume of the capillary shall be at 



volume of the specimen receptacle and 
cap should be approximately 200 ml. 
Figure 6 shows a diagrammatic sketch 
of a McLeod gage-type porosimeter. 

Note. — Suitable porosimeters of the McLeod 
gage type are: (/) glass apparatus of Washburn 
and Bunting,® and [ 2 ) metal apparatus of Na- 
vias.® '■ , , 


6 Edward W. Washburn and Elmer N. Buntingj “The 
Determination of the Porosity of Highly Vitrified 
Bodiitsy Journal, Am. Ceramic Soc., Vol. 5, pp. 527-535 
(1922). 


least 0.5 ml. (for a specimen of 50 ml. 
volume) . For porcelain having a higher 
pore volume than 1 per cent, either a 
longer capillary or a capillary of larger 
diameter is required. 

(c) Atmospheric Conditions.— It is 
essential that the determination be 
made using dry air. This may be pro- 
vided by any suitable means. 

® Louis Navias, “Metal Porosimeter for Detennining 
the Pore Volume of Highly Vitrified Ware/' Journal, km 
Ceramic Soc., Vol 8,pp. 8J6-82i (1925), 
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Test Specimen / \ ^ 

; 38. The test specimen shall consist of 
two or more pieces of porcelain having 
a total volume of not less than 50 ml. 
At least 50 per cent of the surface of the 
parts used shall be newly fractured. 

Procedure 

39. The following procedure is based 
on the use of a McLeod gage type of 
porosimeter: 

(а) The fractured pieces of porcelain 
shall be placed in the receptacle, the 
ground joint greased, and the cap secured 
in position so that the apparatus is 
airtight. 

(б) Before determinations are made, 
any moisture entrapped on the inner 
surfaces of the porosimeter or which 
may be on the test specimen shall be 
removed. To do this, the leveling bulb 
shall be raised until the mercury in the 
capillary is above the stopcock. The 
stopcock shall then be closed and the 
leveling bulb lowered so that the test 
specimen is subjected to a vacuum for 
at least 1 min. Any moisture inside the 
porosimeter then vaporizes and by again 
raising the leveling bulb the gas is col- 
lected in the capillary and shall be 
finally expelled by opening the stopcock. 

(c) Immediately after removing the 
moisture the leveling bulb shall be 
lowered, exposing the test specimen to 
the air for at least 1 min. The leveling 
bulb shall again be raised until the 
mercury in the capillary is above the 
stopcock. The stopcock shall then be 
closed and the leveling bulb lowered so 
as to expose the entire specimen to the 
vacuum for at least 1 min. The air 
contained in the porcelain then expands 
into the evacuated space around and 
above the porcelain. The mercury bulb 
shall then be raised again and the air 
collected in the capillary tube. When 
the mercury surface in the leveling bulb 
is on a level with the mercury meniscus 


in the capillary, the accumulated air in, 
the capillary is at atmospheric pressure 
and its volume, v, shall be, read. This 
shall be considered to be the pore 

volume. 

(d) Several determinations of the pore 
volume should immediately be made as 
described in Paragraph ({:). The values 
of pore volume thus obtained should be 
practically equal, and their average may 
be taken as the pore volume of the 
specimen, v. Lack of agreement among 
these values may be traced to leaks or 
moisture in the apparatus. 

Note. — To test for leaks in the apparatus: 
After taking a reading, expel all gas from the 
apparatus. Close the stopcock. Raise and 
lower the leveling bulb several times. The level 
of the mercury in the capillary should rise to the 
stopcock when the leveling bulb is raised. 

(e) The total volume, F, of the 
pieces of each specimen shall be meas- 
ured to the nearest 0.2 ml. using any 
suitable method. 

(/) Not less than five specimens shall 
be tested. 

Calculations 

40. The percentage of pore volume 
shall be calculated as the volume of gas 
contained in the total volume of 
porcelain: 

vxm 

Percentage of pore volume = — ^ — 
where: 

V = pore volume as determined in 

Sections 39 (c) and (<f), and 

V = total volume of test specimen as 

determined in Section 39 (e). 

Report 

41. The report shall include the fol- 
lowing: 

(i) The percentage of pore volume of 
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each specimen, the average of these 
values, and the percentage average 
deviation from the mean,' 

;(2) The total volume of each test 
specimen, 

(3) The name and type of the appa- 
ratus used, and 

(4) The total volume of the specimen 
receptacle. 

Method C, Dye Penetration 
Apparatus 

42. The apparatus shall consist of a 
suitable pressure chamber of such dimen- 
sions as to accommodate the test 
specimen when immersed in the dye 
solution, with arrangements for obtaining 
and maintaining the required pressure 
for the required time. 

Reagent 

43. Fuchsine Solution . — A solution 
consisting of 1 g. of basic fuchsine in 
1 liter of SO per cent alcohol is suitable. 
If a denatured alcohol is used, one 
should be selected which does not react 
with the dye to cause fading of the color. 

Test Specimens 

44. The test specimens shall be freshly 
broken fragments of the porcelain body, 
having clean and apparently unshattered 
surfaces exposed. At least 75 per cent 
of the area of such specimens should be 
free from glaze or other surface treat- 
ment. Fragments approximately J in. 
in the smallest dimension up to | in. in 
the largest dimensions are recommended. 

Procedure ' 

45. (a) The test specimens shall be 
placed in the pressure chamber and 


completely immersed in the fuchsine 

solution. 

{h) A pressure of approximately 4000 
psi dr 10 per cent shall be applied for 
approximately 15 hr, or an optional 
pressure of 10,000 psi. 10 per cent 
for 6 hr. may be used. 

(c) At the conclusion of the application 
of test pressure, the specimen shall be 
removed from the pressure chamber, 
thoroughly dried, and broken as soon as 
possible for visual examination. 

(d) Porosity is indicated by penetra- 
tion of the dye into the porcelain body 
to an extent visible to the unaided eye. 
Penetration into small fissures formed in 
preparing the test specimen shall be 
disregarded. 

Report 

46. The report shall include a state- 
ment of the observations recorded in 
accordance with the examination pre- 
scribed in Section 45 {d). 

Power Factor and Dielectric 
Constant 

Procedure 

47. The power factor and dielectric 
constant shall be determined in accord- 
ance with the Tentative Methods of 
Test for Power Factor and Dielectric 
Constant of Electrical Insulating Mate- 
rials (A.S.T.M. Designation: B 150).^ 

Resistivity 

Procedure 

48. The resistivity shall be determined 
in accordance with the Standard Meth- 
ods of Test for Insulation Resistance of 
Electrical Insulating Materials (A.S, 
T.M. Designation: B 257).® 


Standara Methods of 

TESTING STEATITE USED AS ELECTRICAL INSULATION! 



A.S.T.M. Designation: D 667 - 44 
Adopted, 1944.® 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 667 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods outline procedures 
for making the various tests described 
when they are required for an investiga- 
tion or examination of steatite used as 
electrical insulation. They are not to be 
interpreted as forming test specifications 
for complete insulators. 

Note. — ^T he glaze on a steatite part may 
affect certain properties of the material, de- 
pending not only upon its presence but also 
upon its thickness and composition. While 
these methods were developed for testing 
unglazed specimens, they are equally suitable 
for glazed specimens. The report should in 
all cases indicate whether the specimens tested 
were glazed or unglazed. 

Power Factor and Dielectric 
Constant ■ 

Procedure 

2 Power factor and dielectric con- 
stant shall be determined in accordance 
with the Tentative Methods of Test for 
Power Factor and Dielectric Constant 
of Electrical Insulating Materials (A.S. 
T.M. Designation: D 150) of the Ameri- 
can Society for Testing Materials.® 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A,S.T.M. 
Committee I)-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1942 to 1944. 


Resistivity 

Procedure 

3. Resistivity shall be determined in 
accordance with the Standard Methods 
of Test for Insulation Resistance of 
Electrical Insulating Materials (A.S. 
T.M. Designation: D 257) of the Ameri- 
can Society for Testing Materials.® 

Dielectric Strength 
Procedure 

4. Dielectric strength shall be deter- 
mined in accordance with the procedure 
described in Sections 19 to 22 of the 
Standard Methods of Testing Electrical 
Porcelain (A.S.T.M. Designation: D 116) 
of the American Society for Testing 
Materials.® 

Porosity 

■Procedure 

5. Porosity shall be determined in ac- 
cordance with either of the procedures 
described in Sections 31 to 41 of Stand- 
ard Methods D 116.® 


3 Appears in this publicationj see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Impact Resistance 
Procedure 

6. Resistance to impact shall be de- 
termined in accordance with the simple 
beam (Charpy type) test as described in 
Sections 7 to 11 of the Tentative Methods 
of Test for Impact Resistance of Plastics 
and Electrical Insulating Materials (A.S. 
T.M, Designation: D 256) of the Ameri- 
can Society for Testing Materials,^ and 
the test specimen shall be the same as 
specified for ceramic materials. 

Flexural Strength 
Procedure 

7. Flexural strength shall be deter- 
mined in accordance with the procedure 
described in Sections 12 to 17 of Standard 
Methods D 116, except that the test 
specimens shall be 6 in. (15.2 cm.) in 
length and 0.5 in. (1.27 cm.), 0.75 in. 
(1.91 cm.), or 1.125 in. (2.86 cm.) in 
diameter, whichever value is comparable 
to that of the finished product. 

Compressive (Crushing) Strength 
Apparatus 

8. Any universal testing machine of 
suitable capacity may be used provided 
the error in the loading range does not 
exceed 1 per cent. 

Test Specimens 

9. The compression test specimens 
shall be in the form of cylinders and shall 
be 0.75 in. (1.91 cm.) in diameter and 
1.125 in. (2.86 cm.) in length. The flat 
surfaces shall be ground smooth and 
paralleL 

Procedure 

10. (a) The diameter and length of 
each specimen shall be measured with a 
micrometer graduated to 0.001 in. (0.025 


mm.). The value of the diameter to be 
used in the ' calculations : shall be the 
average of two measurements taken at 
right angles. 

(b) A contact pad or cushion of 

in. soft steel (Rockwell hardness B65, 
max.) shall be placed between the upper 
and lower faces of the specimen and the 
heads of the testing machine to equalize 
irregularities in the surfaces. Fresh 
cushions shall be used for each specimen. 

(c) The test shall be made at a tem- 
perature of approximately 20 C. (68 F.). 

(d) The crosshead speed of the testing 
machine shall be such that the load can 
be accurately weighed. 

(e) Not less than five specimens shall 
be tested. 

(/) Initial and Ultimate Failure . — ^Note 
shall be made of the load in pounds at 
initial failure, but the value of the load 
in pounds at ultimate failure shall be 
determined and used in calculating the 
compressive (crushing) strength. 

Report 

11. The report of the compression 
test shall include the following: 

(i) The diameter and length of each 
specimen, 

{2) The load in pounds on each speci- 
men at initial failure and the load in 
pounds at ultimate failure, 

(3) The compressive (crushing) 
strength of each specimen in pounds per 
square inch, 

(4) The average of the results re- 
ported in Item 3, 

(5) The rate of application of the 
load, 

(d) The name and rating of the test- 
ing machine used in making the tests, 
and 

(7) A statement as to the behavior of 
the material while under load . 


Standard Methods of 

TESTING SOLID FILLING AND TREATING COMPOUNDS 
USED FOR ELECTRICAL INSULATION^ 



A.S.T.M. Besignatioii: D 176 ” 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 176; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover physical and 
electrical tests for solid filling and treat- 
ing compounds for electrical insulation. 

Note. — Before testing under these methods 
it may be necessary to degas materials that 
tend to entrap gases (usually due to high vis- 
cosity) or to froth on heating or both. (See 
Section 4 (6).) 

PHYSICAL TESTS 
General Physical Tests 

2. Each of the following tests shah be 
made in accordance with the method of 
test applicable, of the American Society 
for Testing Materials, as indicated: 

{a) Melting Point — Standard Method 
of Test for Melting Point of Petrolatum 
(A.S.T.M. Designation: D 127).® 

(b) Softening Point (for compounds 
having no definite melting point). — 
Tentative Method of Test for Softening 
Point (Ball and Shouldered Ring Appa- 
ratus) (A.S.T.M. Designation: E 28).^ 

(c) Flash and Fire Pointsr—SidJiA^xA 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1923 to 1944, being revised in 
1924, 1925, 1929, 1933, 1934, 1935, 1936,1937,1940, and 1942. 

« 1946 Book of A.S.T.M. Standards, Part III-A. 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Method of Test for Flash and Fire 
Points by Means of Open Cup (A.S.T.M. 
Designation: D 92).® 

{d) Evaporation , — Tentative "Method 
of Test for Loss on Heating of Oil and 
Asphaltic Compounds (A.S.T.M. Desig- 
nation: D 6)? 

{e) Viscosity (Temperature range 
from melting point to ISO C.). — Saybolt 
Furol, Standard Method of Test for 
Viscosity by Means of the Saybolt Vis- 
cosimeter (A.S.T.M. Designation: D 88).® 
(/) Penetration (Temperature range 
from melting or softening point to 
—25 C.). — Standard Method of Test 
for Penetration of Bituminous Materials 
(A.S.T.M. Designation: D 5).® 

Brittleness 

Procedure 

3. To determine the brittleness of the 
material, the compound shall be melted 
and poured on a piece of sheet metal in a 
layer approximately ^ in. in thickness 
and then submerged in water having a 
temperature of 70 F. (The melting and 
pouring temperature shall not exceed by 
more than 20 F. the softening point 
(ball and shouldered ring method as 
determined under Section 2 {h )) . It 
shall then be cooled 5 F. and held at this 
temperature for 5 min. The cooling 
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shall then be continued in increments of 
5 F. ' At each temperature interval the 
compounds shall be tested with the 
blade of a knife, inserting the point with 
the blade as nearly parallel with the 
sheet metal as is practicable and pulling 
the compound from the sheet metal as 
rapidly as possible by rotating the blade 
about its back as an axis. The tem- 
perature at which the compound no 
longer stretches but snaps shall be con- 
sidered the breaking point. 

Specific Gravity 

Purpose 

4. (a) The purpose of this test is to de- 
termine the specific gravity of both un- 
treated and degassed compounds. The 
approximate volume occupied by entrap- 
ped gas can be calculated from the 
difference in specific gravity of an 
untreated sample and a degassed sample. 

(b) If degassing is required, it shall be 
performed by heating the material in a 
vacuum oven. The temperature and 
vacuum shall be high enough and the 
time long enough to insure driving off of 
mechanically entrapped gases but should 
tend to decompose the compounds as 
little as possible. 

Water Displacement Methods 
Procedure 

5. The specific gravity shall be de- 
termined by the Standard Method of 
Test for Specific Gravity of Asphalts 
and Tar Pitches Sufficiently Solid to be 
Handled in Fragments (A.S.T.M. Desig- 
nation: D 71)^ or by the Standard 
Method of Test for Specific Gravity of 
Road Oils, Road Tars, Asphalt Cements, 
and Soft Tar Pitches '(A.S.T.M. Desig- 
nation: D 70)® of the American Society 
for Testing Materials. . .. 

Plummet Displacement Method 
Scope ■ ' 

6. The specific gravity of the ma- 


terial at ■ the pouring temperature is 
calculated from the weight of com- 
pound displaced by a eallbra ted alu- 
minum plummet. 

Apparatus 

7. The apparatus shall consist of 
the following: 

(a) Balance. — An analytical balance 
equipped with pan straddle. 

{h) Plummet. — An aluminum plum- 
met of suitable shape weighing 5 to 10 g. 

(c) Beaker. — A 400-mL glass® beaker 
wrapped with asbestos. 

id) Thermometer.— A ihtrmomeiei ol 
suitable range. 

{e) Wire.— Two pieces of fine copper 
wire. 

Procedure 

8. {a) Calibration of Plummet. — The 
following weight determinations of the 
plummet shall be made to the nearest 
1 mg.: 

a == weight in air, and 

b = weight suspended in water at 
25 C. (77 F.). 

Then: 

a ^ h — weight of water displacement at 
25 C. (77 F.) 

The value of the plummet displace- 
ment {Dtf) in terms of grams of water 
at 25 C. (77 F.) shall then be corrected 
to the pouring temperature, tp, in 
Centigrade degrees by means of the 
following formula: 

Dtp - 0.000076« ih “"25) {a - 1) 4- (a ~ h) 

(b) Testing of the Sample.—TYio sam- 
ple shall be carefully melted in the 
beaker and the temperature raised to 
approximately IS C. (27 F.) above the 
desired test temperature. The beaker 
shall be placed on the straddle and the 
plummet suspended in the compound by 
the fine copper wire. (The weight of 
the wire should be balanced by placing 

® Coefficient of cubical expansion of aluniinura per de- 
gree Centigrade. 

s Pyrex glass or other material with equally low co- 
efficient of expansion is very satisfactory for this purpose. 
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an equal weight of ; the wire on the op- 
posite balance pan.) 

The scales shall be balanced approxi- 
mately and at the same time the sample 
shall be stirred slowly, using the ther- 
mometer as a stirring rod. When the 
sample has cooled to the desired tem- 
perature, the weighing shall be com- 
pleted rapidly. 

(c) Calculation of Specific Gravity, 
tp/Z5 C, — The specific gravity shall be 
calculated as follows: 



where: 

Wa. — weight of plummet in air, and 

Wc = weight of plummet in com- 
pound. 

Volume of Entrapped Gases 
Calculation 

9. The percentage of entrapped gases 
may be calculated as follows: 

b - a 

V « X 100 
0 

where: 

F == volume of entrapped gases in 
per cent, 

b = specific gravity of degassed com- 
pound, and 

u== specific gravity of untreated 
compound. 

Coefficient of Expansion 

Note.— C ertain materials when cooled form 
voids within the mass, and no satisfactory 
method has been found to measure their 
coefi&cient of expansion. 

Purpose 

10. The purpose of this test is to deter- 
mine the true and effective coefficients 
of expansion of compounds. The true 
coefficient of expansion is determined on 
compounds which are free of entrapped 
gases . The effective coefficient of expan- 
sion is determined on materials which 


have not been degassed just prior to test. 
It is important for many purposes to 
know the effective coefficient of the 
material as received or after heating to 
the maximum temperature of applica- 
tion. Consistent results, however, may 
only be obtained with gas-free com- 
pounds. 

Scope 

11. The following five methods are 
covered: 

Methods A and B, — Methods and B 
for true coefficient of expansion are in- 
tended for use only where the uniformity 
of the material under test justifies a high 
degree of precision. Method A is suit- 
able for testing low-viscosity types such 
as waxes and petrolatums. Method B 
is suitable for testing asphalts and high- 
viscosity materials, also for opaque 
materials which may give difficulty in 
reading the glass scale of Method A, 

Methods C, D, and E, — Methods 
C, D, and E are intended for faster 
testing where high precision may not be 
justified. These methods may be used 
for determining either true or effective 
coefficient of expansion but not as 
referee methods. 

Method A, Using Glass Flask 
Apparatus 

12. The apparatus shall consist of the 
following: 

(a) Flask, — A glass flask® holding 
approximately 250 ml. to the zero mark, 
and graduated for 25 ml. in O.l-ml. 
divisions, the neck of the flask being 1 
cm. in internal diameter. 

(b) Oil Bath, — For heating the sample, 
a cylindrical oil bath approximately TO 
in. (25.4 cm.) in inside diameter and 20 
in. (50.8 cm.) in inside depth, with a false 
bottom 1 in. from the bottom and pro- 
vision for circulating and heating the oil. 

*A Pyrex or quartz glass flask is very satisfactory 
for this purpose. 
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(c) Metal Collar or iron collars 

for use on the neck of the flask during 
test to prevent oil currents of the bath 
from moving the flask. 

Calibration 

13. The capacity of the flask at the 
zero point and several points on the scale 
shall be determined by filling the flask 
with distilled water at a known tern- 
perature and weighing. 

Procedure 

14. (a) The flask shall be maintained 
under a vacuum of 25 in. of mercury and 
a temperature 50 C, higher than the 
softening point (ball and shouldered ring 
method, as determined under Section 2 
(6)) while being filled and for approxi- 
mately 30 min. after filling is complete. 
The flask shall be filled to within the last 
milliliter marked on the neck when held 
at the maximum test temperature and 
slowly cooled to room temperature (10 
to 12 hr.). Before starting the test, the 
flask shall be examined for the presence 
of cavities or irregular contraction of 
the compound. Some compounds, after 
cooling below the liquid state, tend to 
stick to the sides of the neck of the flask. 
In such cases it is necessary to gradually 
warm the neck and flow the compound 
to meet the rest, after which the flask 
shall be placed in the bath for several 
hours to insure temperature equilibrium. 

(6) With the compound satisfactorily 
placed in the flask at the lowest tempera- 
ture, the height of the column in the 
neck shall be read and the bath then 
slowly heated. Readings shall be taken 
at 50 C. intervals, holding the bath as 
constant as possible at each point until 
no more expansion occurs at that point, 
the procedure being repeated for each 
point until maximum temperature is 
reached. 

{c) "“ During the test, 


temperature readings shall be taken at 
top and bottom of' the bath to detect any 
variation. Readings of the expansion of 
the compound shall be made at intervals 
long enough to insure uniform tempera- 
ture distribution and complete move- 
ment of the compound. Until complete 
liquefaction, the interval should be 3 to 
4 hr. ; after liquefaction it may be re- 
duced to 30 min. 

Calculation 

15. (a) After securing the readings 
over the temperature range desired, a 
curve shall be plotted from the tempera- 
ture and expansion readings from which 
the coefficient of expansion shall be 
calculated as follow^s: 


where: 

E = coefificient of expansion of the 
compound, 

V = the original volume occupied 
by the compound, 

= volume at higher temperature 
occupied by the compound, 
T = original temperature, 

Pi = higher temperature, and 
C = a constant = coefficient of ex- 
pansion of glass container. 
(b) The coefficient of expansion shall 
be calculated for three temperature 
ranges, as foUows: 

(1) From the minimum tempera- 
ture at which the measurement was 
made to 10 C. below the softening 
point. This is intended to give the 
average coefficient for the solid con- 
dition. 

(2) From 5 C. above the softening 
point to 100 C. This is intended to 
give the average coefficient for the 
liquid condition. 

(3) From the minimum tempera- 
ture at which a measurement was 
made to 100 C. 
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Report 

■16.' The report shall include the fol- 
lowing: 

(a) of cell used, 

(5) Copy of the volume-temperature 
■curve,,, 

({;) Temperature ranges as defined 
under Section 15 (S), and 

(d) Coefficient of expansion corre- 
sponding to each of the three tempera- 
ture ranges. 

Method Using Metallic Cell 
Apparatus 

17. The apparatus shall consist of the 
following: 

{a) Metal CelL — A cell made of steel, 
consisting of four parts, a cylinder about 
2.5 in. in internal diameter having a 
rigid bottom, a metallic gasket, a cover 
to which a steel capillary tube is at- 
tached. The cell shall have an internal 
volume of approximately 250 ml. A 
metallic cell that has been found suitable 
is described in Appendix I. 

(b) Oil Bath , — An oil bath as de- 
scribed in Section 12 (i^), method A, with 
the exception that provision shall be 
made for supporting the metal cell 

Calibration 

18. The cell shall be calibrated to 
determine its volume at various tem- 
peratures as follows: 

{a) Weigh the assembled cell to 
determine its tare weight. 

(6) Fill the cell with mercury until 
replacing the cover causes some to 
extrude through the capillary tubing. 
Record the weight of the cell and mer- 
cury and note the temperature. 

(c) Place cell in the oil bath in an 
inverted position. The capillary tubing 
should extend over the side of the oil 
bath in such a way that the extruded 
mercury may be caught in a beaker. 


The oil bath which is several degrees 
above room temperature causes some 
mercury to be extruded from the capil- 
lary tube. When all expansion has 
taken place, weigh the mercury collected. 

{d) Adjust the oil bath for other test 
temperatures and note the amounts of 
mercury extruded. The weight of mer- 
cury in the cell at any temperature is 
thus determined and the volume may be 
calculated. 

Procedure 

19. (o) While filling the cell it shall 
be placed in an oil bath and maintained 
at a temperature SO C. higher than the 
softening point of the compound (ball 
and shouldered ring method, as deter- 
mined under Section 2 (5)). When the 
cell has been filled to within | in. of 
the cover it shall be placed in a vacuum 
oven and maintained at a vacuum of 
25 in. of mercury and a temperature 
50 C. higher than the softening point 
of the compound for a period of not less 
than 30 min. nor more than 45 min. 
At the end of this period the cell shall be 
slowly cooled to room temperature, and 
any irregularities in the surface of the 
compound removed. 

{h) The cover shall then be screwed on 
and the cell and compound weighed 
again. 

{c) Sufficient mercury shall be poured 
into the cell so that some is extruded 
when the cover is screwed down. The 
cell shall then be weighed again. 

(d) The cell shall then be inverted and 
placed in the oil bath, and the procedure 
outlined under calibration. Section 18 
(c;) and (d), again followed for 5 C. 
intervals. 

{e) Only clean, distilled 

mercury shall be used. During the test, 
temperature readings shall be taken at 
top and bottom of the bath to detect any 
variation. Readings of the expansion of 
the compound should be made at 
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intervals long enough to insure uniform 
temperature distribution and complete 
movement of' the compound. Until 
complete liquefactionj the interval 
should be 3 to 4 hr.; after liquefaction, 
it may be reduced to 30 min. 

Calculation 

20. (a) After volumetric determina- 
tions have been made over the desired 
temperature range, a curve shall be 
plotted between volume and tempera- 
ture readings from which the coelS&cient 
of expansion shall be calculated as 
follows: 

(Ti - r) F 

where: 

E == coefficient of expansion of the 
compound, 

V == original volume occupied by 
the compound, 

Vi = volume at higher temperature 
occupied by the compound, 

T = original temperature, and 

Ti = higher temperature. 

(b) The coefficient of expansion shall 
be calculated for the same three ranges 
as prescribed in method A, Section 15 

Report 

21. The report shall include the fol- 
lowing: 

(а) Type of cell used, 

(б) Copy of the volume-temperature 
curve,/ 

(c) Temperature ranges as defined 
under Section 15 (5), and 

(d) Coefficient of expansion corre- 
sponding to each of the three tempera- 
ture ranges. 

Method C. Specific Gravity Method 
Procedure' . 

22. The specific gravity of untreated 


or degassed ■ compounds at: two test 
temperatures may be determined by 
one or more of the procedures specified 
in Sections 5 to 8 applying to the state 
of the materials at the temperatures be- 
tween which measurements are desired. 

Note.-— W hen the temperature range’ indudcs 
the range over which the material changes from 
solid to liquid, a true coefficient of expansion 
cannot be calculated, although for practical pur- 
poses this may be done. 

Calculation 

23. From the temperature and specific 
gravity readings the coefficient of expan- 
sion shall be calculated as follows : 

^ sp. gr. at r — sp. gr. at Ti 
(Ti — T) sp. gr. at Ti 

where: 

E = coefficient of expansion of the 
compound, 

T — initial temperature, and 
Ti == higher temperature. 

Report 

24. The report shall include the fol- 
lowing: 

(a) Method used, 

(5) Test temperatures, and 

{c) Coefficient of expansion over tem- 
perature range used. 

Method Z). Pycnometer Contraction 

Scope 

25. This method is a modification of 
the specific gravity method (method C). 
It may be applied to either untreated or 
degassed compounds. 

Apparatus 

26. The apparatus shall consist of the 
following: 

(a) Flash — A lOO-ml volumetric 
glass® flask having the zero mark as near 
as possible to the bulb of the flask. 

(6) Oil Bath— An bath which may 
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consist, of a tail-form glass^ beaker of 
sufficient size so that when the flask is 
supported about 1 in. from the bottom 
the oil level will reach at least to the 
zero mark of the flask. 

(c) Metal: Collar .' — Lead or iron col- 
lars for use on the neck of the flask dur- 
ing heating to prevent oil currents of the 
bath from moving the flask. 

Procedure 

27. (a) The flask shall be weighed, 
and then filled to within approximately 

10 ml. of the zero mark with the com- 
pound to be tested, care being taken 
that at no time shall the temperature of 
the compound exceed the softening point 
(ball and shouldered ring method, Sec- 
tion 2 (b)) for use by more than 10 C. 
Care shall also be taken so that none of 
the compound remains in the stem of the 
flask. The flask shall be cooled to room 
temperature, weighed, immersed in the 

011 bath, and placed in an oven previ- 
ously heated to the maximum tempera- 
ture at which the test is to be conducted. 
After the oil bath reaches the test tem- 
perature, it shall be allowed to remain 
at this temperature for 1 hr. The flask 
shall be removed from the oven, and 
mercury from a burette shall be quickly 
poured into it until the level of the com- 
pound is within 0.5 ml. of the zero mark. 
The quantity of mercury used shall be 
noted in milliliters. The flask shall be 
replaced in the oven for 20 min., removed 
again, and the mercury titration shall 
be continued until the level of the com- 
pound is exactly at the zero mark. The 
number of milliliters of mercury used in 
both titrations shall be recorded. 

{b) The oven temperature shall be 
reset at the next lower test point, tem- 
perature equilibrium obtained as above, 
and the titration shall be repeated. The 
same procedure shall be continued at all 
subsequentTest points, the milliliters of 


mercury added at oach point being 

recorded. 


Calculations 

28. To. find the coefficient of' expan- 
sion of the material between any two 
temperatures, the calculations shall be 
made as follows: 

F = A ■+■ 0.000182 A (/ - 20) 

where: 

y z=: volume of mercury A at room 
temperature corrected to tem- 
perature and 

A = volume of mercury at room 
temperature. 

The coefficient of cubic expansion of 
mercury is taken as 0.000182, that of 
glass as 0.000025. 

Example , — If volume of flask is 100 ml. at 
20 C.; volume at i = 100 + 0.0025 {i — 20) ml. 

Let X = Fi — Ml = voL of compound at Ti, 
Let F = Fa — Ma ~ vol. of compound at Ta, 

Then: 

The expansion in cu. cm. ^ y 
per gram, from Ti to Ta = ~ — — 


The expansion per 

cu. cm., from Ti to T% = 


X - F 

W _ X - F 
F ' ' F 


W 



where : 

E = coefficient of expansion in cubic 
centimeters per cubic centi- 
meter, per degree Centigrade, 

W = weight of sample in grams, 

Ti = higher temperature in degrees 
Centigrade, 

Tz = lower temperature in degrees 
Centigrade, 

Ml — milliliters of mercury (cor- 
rected) added at T i . 
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M 2 = sum of milliliters of mercury 
(corrected) added at Ti and 
at T 2 , , 

Fi = corrected volume of flask at 
and 

Fs = corrected volume of flask at Ts- 

To obtain the curve of expansion, plot 


W W 

the points etc., which are the 

densities at various temperatures. 


Report 

29. The report shall include the fol- 
lowing: 

(a) Method used, 

(b) Copy of curve of expansion, 

(c) Temperature ranges used, and 

(d) Coefficient of expansion over each 
of the temperature ranges. 


Method E. Pycnometer Expansion 
Scope 

30. This method is another modifica- 
tion of the specific gravity method 
(Method C) and may also be applied to 
either untreated or degassed materials. 

Apparatus and Calibration 

31. The pycnometer and bath re- 
quired are the same as described in 
Section 26, except that the neck of the 
flask shall be cut off at the lOO-ml. point 
and ground square. A metal pycnom- 
eter may be used provided its coeffi- 
cient of expansion is known and is ap- 
plied in the calculations (Section 33). 

Procedure 

32. In this procedure the pycnometer 
shall be allowed to cool slowly to the 
lowest test temperature. During the 
cooling period the flask shall be kept 
filled by adding more compound, and 
after equilibrium is reached the excess 
material shall be removed by passing a 
sharp, flat blade over the rim. The 


flask shall then be removed' from, the 
bath and quickly weighed.. Knowing 
the tare weight and volume: of the flask, 
the specific gravity may be determined. 
For successively higher' temperatures, it 
is only necessary to weigh the extruded 
portion. 

Calculations 

33. From the temperature and weight 
readings the coefficient of expansion may 
be calculated as follows: 

W-Wi wc 

Wi (Ti - T) Wi 

where: 

E = coefficient of expansion, 

W = initial weight of the compound 
in the flask, 

TFi = weight of the compound in the 
flask at higher temperature, 
T == initial temperature, 

Ti = higher temperature, and 
C = coefficient of expansion of the 
flask. 

Report 

34. The report shall include the fol- 
lowing: 

{a) Method used, 

{h) Test temperature, and 
{c) Coefficient of expansion over tem- 
perature ranges used. 

ELECTRICAL TESTS 
Dielectric Strength 

Purpose 

35. The purpose of this test is to 
determine the short-time dielectric 
strength of solid filling and treating 
compounds. It is of value for purposes 
of comparison or as an indicator of the 
condition of a compound, but it is not a 
measure of the dielectric strength of 
compounds when subjected to prolonged 
stresses. 
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Appamttts ' . 

36. (a) The equipment used for pro- 
ducing, controllmg,: and measuring the 
test voltage shall conform to that 
prescribed in Section 3 of the Stand- 
ard Methods of Test for Dielectric 
Strength of Electrical Insulating Mate- 
rials at Commercial Power Frequencies 
(A.S.T.M. Designation: D 149) of the 
American Society for Testing Materials.^ 

(b) Electrodes.— The compound shall 
be tested between polished hemispherical 
electrodes | in. in diameter separated by 
a gap of 0.1 in. 

Note. — A convenient form of apparatus for 
holding the electrodes and compound is de- 
scribed in Appendix II. It is recognized 
that when liquid materials are being tested, this 
method is inconsistent with the Standard 
Methods of Testing Electrical Insulating Oils 
(A.S.T.M. Designation: D 117) of the American 
Society for Testing Materials.^ However, 
since spherical electrodes are considered prefer- 
able for solid and semisolid materials, the ad- 
vantage of using spherical electrodes, in order 
that direct comparison can be made in both 
the liquid and solid states, is sufficiently great 
to justify the inconsistency with Methods 
D117. 

Procedure 

37. (a) A representative sample of the 
material shall be taken from the original 
package. This sample shall be melted 
and poured directly into the testing 
container, care being taken not to over- 
heat the compound nor to entrap air. 
A melting and pouring temperature of 
approximately SO C. above the softening 
point (ball and shouldered ring method) 
as determined under Section 2 (5) is 
recommended. Pasteboard test recep- 
tacles shall be thoroughly dried by heat- 
ing before using, and the entire test 
container assembly shall be heated to 
its safe maximum temperature (85 to 
90 C. if phenolic insulation is used) be- 
fore the compound is poured into it. 

(6) The testing container, after filling. 


shall be placed in suitable temperature 
control chamber and left for 4 hr. or until 
the compound has been brought uni- 
formly to the desired test temperature. 
The temperature may be determined by 
a thermocouple inserted along the axis 
of one of the electrodes to a point near 
the tip. 

(^) Voltage shall then be applied to 
the test specimen at a uniform rate of 
increase of 1000 v. per sec. from zero to 
breakdown. 

(d) Specimens shall be tested in air 
unless the breakdown voltage exceeds 
100 kv. If the breakdown voltage is 
greater than 100 kv., the test container 
shall be immersed in clean, dry oil. 
Before the specimen is immersed, the 
oil shall be brought to the test tempera- 
ture. Care shall be taken not to 
contaminate the compound with the oil. 

(e) Variations of gap setting with 
temperature may be determined by 
varying the temperature of the test 
assembly when empty. For well- 
designed test apparatus, these variations 
are so small as to be negligible. For 
maximum accuracy, or for cases where 
the variation might be appreciable, a 
temperature correction curve for the 
gap may be determined and allowance 
made for gap variation when a test 
setting is made. 

Number of Tests 

38. (a) As the dielectric strength of 
filling and treating compounds varies 
widely with temperature, it is recom- 
mended that tests be made at a sufficient 
number of temperatures to establish the 
dielectric strength- temperature curve 
from 0 to 100 C. For this purpose, tests 
should be made at 0, 30, 70, and 100 G. 

(6) Five specimens shall be tested at 
each temperature and the average value 
taken as the short-time dielectric 
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streagth of the compound at that 
temperature. 

Report; 

39. The report shall include the 
following: 

(a) The short-time dielectric strength - 
temperature curve, and 

(b) The individual values of the break- 
down voltage. 

Volume Resistance - Temperature 
Characteristics 

Purpose 

40. The purpose of this test is to 
determine the volume resistance - 
temperature characteristics of solid fill- 
ing and treating compounds. It is of 
value as a comparative test and also 
may be used in determining the volume 
resistance on an ohm-centimeter basis. 

Temperature Range 

41. The volume resistance of this 
class of material varies with the tempera- 
ture, generally decreasing rapidly with 
increase of temperature. It is, there- 
fore, recommended that a sufficient 
number of tests be made at different 
temperatures to establish the volume 
resistance - temperature curve. To be 
of most significance, the test shall include 
determinations made up to the highest 
service temperatures. At room tem- 
peratures and below, the volume resist- 
ance of practically all of these com- 
pounds is so high that it cannot be 
measured with the ordinary galvanom- 
eter equipment. 

Apparatus 

42. A suitable conductivity cell con- 
sisting of parallel planes, concentric 
cylinders, or coaxial cones shall be used 
in determining the volume resistance of 
the compound. The distance between 
electrodes shall be not less than 0.75 mm. 


(0.03 in.) nor more than 5 mm. (0.2 in.). 
The" voltage gradient shall not 'exceed 
200 V. per millimeter (5 v. per mil). 
The area of the electrode shall be suffi- 
ciently large so that the current flow can 
be measured, with the apparatus avail- 
able, to an accuracy within 5 per cent. 
Electrode areas of 50 to 500 sq. cm. 
(7.7 to 77.5 sq. in.) should prove suitable. 
Because of possible catalytic or corrosive 
effects of some compounds on certain 
metals, the electrodes should be nickel, 
gold, or platinum plated. The insulat- 
ing material used to support the 
electrodes shall be capable of with- 
standing the wide temperature range to 
which the cell is subjected and preferably 
shall be of an inorganic material such as 
a ceramic material or suitable glass. A 
test run on the empty cell shall be made 
over the temperature range chosen in 
order to determine whether any leakage 
is present. A conductivity cell that has 
been found suitable is described in 
Appendix III, 

Preparation of Test Specimen 

43. (a) A representative sample shall 
be taken from the original package, 
melted, and poured directly into the 
testing container. Care shall be exer- 
cised in melting and pouring the com- 
pound not to overheat nor to entrap air 
in it, A melting and pouring tempera- 
ture of approximately 50 C. above the 
softening point (bail and shouldered ring 
method) as determined under Section 2 
(b) is recommended. The quantity of 
the sample depends upon the capacity of 
the resistivity cell used, but in any case 
it shall be sufficient to permit three 
separate determinations. Before filling, 
the conductivity cell shall be heated to 
slightly above the pouring temperature 
of the compound. 

(b) A suggested procedure in filling 
the cell, especially in the case of the 
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higher melting compounds, is to deter- 
mine the quantity of compound 
necessary to just fill the cell with the 
electrodes in position. In the case of 
coaxial cones or concentric cylinders the 
proper quantity of the heated compound 
shall be first poured slowly into the 
outer cone or cylinder. Any bubbles 
which may form on the surface of the 
compound shall be removed by a quick 
application of a flame from a bunsen 
burner. Immediately the inner elec- 
trode shall be slowly lowered into the 
compound and a thermometer placed in 
the well. 

Procedure 

44. (a) The conductivity cell, after 
filling, shall be placed in an oil or air 
bath having suitable temperature con- 
trol, and sufficient time allowed to 
elapse to bring the bath and cell to 
temperature equilibrium at each test 
temperature. The temperature of the 
cell shall be determined by two mercury 
thermometers placed in contact with 
the electrodes. The temperature of the 
bath shall be determined by a mercury 
thermometer placed near the cell. The 
temperature of the bath shall be within 
1 C. of the test temperature when read- 
ings are taken. The temperatures of the 
cell thermometers shall agree within 
0.5 C. of each other and within 1 C. of 
the bath temperature when readings are 
taken. 

(5) The volume resistance shall be 
measured at each temperature in ac- 
cordance with the Standard Methods of 
Test for Insulation Resistance of Electri- 
cal Insulating Materials (A.S.T.M. 
Designation: D 257) of the American 
Society for Testing Materials, A with 
particular attention to Sections 7, 3, 9, 
10, 15, and 17 for liquid insulating 
materials. 


Report 

45. The report shall include the 
following: 

(a) The type of conductivity cell used, 

(b) The distance between guarded and 
unguarded electrodes, 

(<;) The area of guarded electrode, 

(d) The battery voltage, and 

(e) A curve plotted from the readings 
obtained over the temperature range 
chosen showing the relation of volume 
resistance in ohm-centimeter units and 
the temperature in degrees Centigrade. 

Note. — In lieu of the information required 
in Paragraphs (b) and (c), a statement of the 
approximate over-all accuracy may be made. 

Power Factor and Dielectric 
Constant 

Purpose 

46. The purpose of this test is to 
determine the power factor and the 
dielectric constant of solid filling and 
treating compounds at specified tem- 
peratures corresponding to those tem- 
peratures to which the materials are to 
be subjected in service. 

Temperature Range 

47. Since the power factor and dielec- 
tric constant of this class of materials 
vary with the temperature, a sufficient 
number of tests shall be made at different 
temperatures to establish the dielectric 
constant -- temperature curve and the 
power factor - temperature curve over 
the range of temperature to which the 
respective material is subjected in 
service. Determinations shall be made 
at not less than three temperatures; a 
temperature near the lowest to which 
the material is to be subjected in 
service, ordinary room temperature of 
20 to 25 C., and a temperature near the 
maximum temperature to which it is 
subjected in service. 

Note.— F or many materials the power 
factor — temperature curve may have a maxi« 
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mum, minimum, or other irregularity within 
the working range of temperatures. With such 
a, material many determinations may be re- 
-quired to .establish, the curve. 

Test Specimens 

48. The materials to which these tests 
are applicable fall into two classes as 
regards the most suitable type of 
specimen to be used in the measurement 
of power factor and dielectric constant. 
One class includes waxes and other 
materials which can be cast or pressed 
into sheet form and then measured be- 
tween electrodes such as are used in 
making tests on porcelain, molded 
materials, and sheet materials. (See 
the Tentative Methods of Test for 
Power Factor and Dielectric Constant 
of Electrical Insulating Materials 
(A.S.T.M. Designation: D 150) of the 
American Society for Testing Materials.)'^ 
The other class includes materials that 
are fluid at ordinary temperatures or 
can be made fluid by increasing their 
temperatures. Materials in the fluid 
state can be poured into a measuring cell 
such as is described in Section 42 and 
the determinations made from which the 
power factor and the dielectric constant 
can be calculated. 

Apparatus 

49. In the measuring cell the distance 
between the electrodes and the area of 
the electrodes shall be such that a 
capacitance of not less than 100 fi/jf 
will be obtainable. The voltage 
gradient shall not be over 5 v. per mil. 
Due to the catalytic or corrosive effects 
of some compounds on certain metals, 
the electrodes may need to be nickel, 
gold, or platinum plated. The insulat- 
ing material used to support the elec- 
trodes shall be capable of withstanding 
the wide range of temperature to which 
the cell or material is to be subjected 
during the tests without any appreciable 


effect upon the determinations being 
made. Certain ceramic materials, spe- 
cial glasses, and quartz have been found 
suitable as insulating supports for the 
electrodes between which the. material 
is to be tested. One cell that has been 
found satisfactory for these determina* 
tions is described in Appendix IIL Cells 
of different construction from the one 
described have been used with equally 
satisfactory results. 

Preparation of Test Specimen 

50. A representative sample shall be 
taken from the original package, melted 
if necessary, and then either cast in the 
form of a disk or poured directly into 
the measuring cell. The use of the cell 
or the disk will depend upon the particu- 
lar material. In heating and pouring 
the compound, care shall be exercised not 
to entrap air in the compound between 
the electrodes. A melting and pouring 
temperature of approximately SO C. 
above the softening point (ball and 
shouldered ring method) as determined 
under Section 2 (b) is recommended. A 
sufiicient quantity of the material shall 
be taken as the sample to enable making 
at least three determinations. Before 
pouring the compound into the container 
or cell, the container or cell shall be 
heated to a temperature slightly higher 
than the temperature at which the 
compound is being poured. 

Temperature Bath 

51. The test specimen after prepara- 
tion shall be placed in an oil or air bath 
having suitable temperature control, and 
sufficient time shall be allowed to 
elapse to bring the bath and specimen 
to the desired temperature equilibrium 
at each test temperature. The tempera- 
ture of the electrodes and the compound 
shall be determined by two merGury 
thermometers, or two thermocouples 
with cold junctions placed in contact 
with the electrodes. The temperature 
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of ; the bath shall be determiaed ' by a 
thermometer^ or a thermocouple with 
cold junction placed near the cell or the 
specimen. The temperature of the bath 
shall be within 1 C. of the desired test 
temperature when the determinations 
are made. The temperature of the 
specimen thermometers or thermo- 
couples shall agree within 0.5 C. of each 
other and within 1 C. of the bath 
temperature when the readings are 
taken. 

Procedure 

52. The power factor and dielectric 
constant shall be determined at the 
specified temperatures and frequencies 
in accordance with the methods outlined 
for 25 to 60 cycles, 1000 cycles, and 100 
to 1500 kilocycles as described in the 
Tentative Methods of Test for Power 
Factor and Dielectric Constant of 
Electrical Insulating Materials (A.S. 
T.M. Designation: D 150) of the Ameri- 
can Society for Testing Materials.^ 
Measurements shall be made at the 
frequencies to which the material will 
be subjected in service unless otherwise 
specified. When using a cell in making 
power factor and dielectric constant 
determinations, measurements shall be 
made at the temperature desired, first 
with air as dielectric and then with the 
compound in the ceil as dielectric. 

Calculations 

53. The power factor shall be calcu- 
lated in accordance with the Tentative 


Methods D, 150, and the dielectric 
constant shall be determined for any 
given compound from the ratio of: the 
capacitance of the cell with the com- 
pound as dielectric to the capacitance 
of the cell with air as dielectric. When 
the specimen under determination is in 
the form of a disk the air capacitance 
shall be calculated from the dimensions 
of the electrodes and the thickness of 
the dielectric. In this case, correction 
shall be made as outlined in the Tenta- 
tive Methods D 150. When the sam- 
ple has been poured between electrodes 
being held apart by separators, the air 
capacitance can be measured directly 
the same as with the cell, or it may be 
calculated from the dimensions of the 
electrodes and the thickness of the 
separators, taking , into account the 
edge correction. 

Report 

54. The report shall include the 
following: 

(a) The type of cell used and the 
dimensions of the cell, 

{b) The method used and the fre- 
quency at which measurements were 
made, 

' (c) The voltage across the specimen 
during the test, 

(d) The dielectric constant, the power 
factor, and the respective temperatures 
at which the determinations were made, 
and . 

(e) A statement of the approximate 
accuracy of the determinations. 
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APPENDIX I 


Cell for Determining Coefficient of Expansion 


Figure 1 shows the metallic cell for coefficient 
of expansion determinations of solid filling and 
treating compounds. The cell consists of four 
principal parts: A steel cylinder, a metallic 
gasket, a steel cover, and a dummy or aux- 
iliary cover for filling. The gasket must be of 
a metal which does not amalgamate with mer- 
cury. 

The cylinder is about 2.5 in. (6.35 cm.) in 
internal diameter, and approximately 3 in. 
(7.6 cm.) in internal depth. The top of the 
cylinder is threaded to receive the steel cover 
and has a machined shoulder to seat a 0.003 m. 
thick metallic gasket. The cylinder may be of 



Fig. 1. — Metallic Cell for Coefficient of 
Expansion Determinations. 


one piece construction or fitted with a cap at 
the bottom similar to the top end. 

The steel cover is carefully rounded on the 
under side to avoid air pockets. It is threaded 
into the top of the cylinder and seats on the 
metallic gasket. The center of the cover Is 
threaded to receive a steel capillary tube of 
0.018 in. in internal diameter. 



Brass — ' Fiber 



Fig. 2.— Container for Dielectric Strength Test 
Showing Electrodes in Place. 


APPENDIX II 


Device for Determining Dielectric Strength 


Because of the great difficulty in removing 
most solid filling and treating compounds from 
the container, it is desirable to use a test 
assembly having an inexpensive container 
which can be thrown away after a test. A 
device of this sort is illustrated in Fig. 2. 


The test assembly consists of a framework 
made from laminated phenol fiber, large enough 
to hold loosely a box of heavy paper or paste- 
board 10 by 1| by if in. in inside dimensions, 
with brass bushings centrally inserted in each 
end piece to hold the electrode rods. The 
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electrodes, wMch are separable by means of 
screw joints, are inserted through small holes 
in the ends of the paper box and clamped to 
make a compound- tight joint. For the elec- 
trodes, a metal is selected that will give mini- 
mum gap changes with temperature. Steel 
has been found quite satisfactory. The proper 


electrode spacing may be obtained by means of 
an adjusting screw on: the right-hand end. 

After use, the electrode supporting screws 
are backed ' off; the pasteboard container, 
holding part of the electrodes, is then easily 
withdrawn. The electrode parts are salvaged 
by melting the compound, and the used paste.- 
board container discarded. 


APPENDIX III 


Measuring Cell for Resistivity, Power. Factor, and Dielectric 
Constant Measurements 


A conductivity cell that has been developed 
for the purpose of measuring the volume resist- 
ance as well as other electrical constants of solid 

Thermomefer Buarded ends of 
weJf \ inner elecf rode 

Inner electrode 


Outer electrode 



Dimensions of celt 
of}proximately^ half 
size excep t distance 
between inner and 
outer electrodes 

0.05 in, 

Metafparfs- 
Plated brass 
Insutafing parts- 
Myca/ex 


Fig. 3. — Measuring Cell for Resistivity, 
Power Factor, and Dielectric Constant Deter- 
minations. 


filling and treating compounds and oil is shown 
in Fig, 3. The concentric cylinder type of cell 


was chosen after experimenting with various 
types for the following points of simplicity and 
efficiency: 

1. Ease of insulating electrodes. 

2. Large area of electrodes in compact form, 
the outer one of which also serves as container 
for the compound. This outer electrode is also 
exposed directly to the heating medium and 
aids in rapid changes fro:m one temperature to 
another and also promotes uniform temperature 
distribution to the comparatively thin layer of 
compound in contact with it. 

3. Comparative ease in assembling, disas- 
sembling, and cleaning the cell. 

This type of cell permits the use of a very 
small amount of insulating material to insulate 
the electrodes. Mycalex has been found to be 
a satisfactory material for this purpose, due to 
the fact that it can be machined to size and 
has good insulation resistance characteristics 
over the temperature range at which these 
compounds are normally tested. Also, it 
apparently is unaffected, by the solvents used 
in the cleaning operation. 

xA suggested method of cleaning the cell is to 
remove the bottom retaining ring and to hang 
the ceil in an oven by a hook fastened through 
a hole drilled in the protruding stem. Upon 
heating, the outer cylinder will slide away from 
the inner electrode and both parts will drain 
fairly clean of the compound. In order to 
speed up this cleaning, the flame of a bunsen 
burner may be applied directly to the cell after 
removing the cap and suspending the cell by 
the protruding stem. F''urther application of 
the flame to the cylinder and inner electrode 
aftj^r they separate will rapidly remove most of 
the compound and the final cleaning of each 
part can be accomplished by suitable solvents. 



Standard M.et hod of Test for 

ARC RESISTANCE OF SOLID ELECTRICAL INSULATING 

MATERIALS! 



A.S.T.M. Designation; D 495 - 42 

Adopted, 1941; Revised, 1942.® 

This Standard of the Ameriean Society for Testing Materials is issued under 
the fixed designation D 495; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the relative arc resistance 
of all solid' electrical insulating materials. 
It, serves to classify materials broadly 
rather than to bring out slight differences 
between., materials ,of similar composi- 
tion. For at least the first three steps 
of the test, when the .testing current is 
only .10 milliamperes, differences must 
be ill the order of 2 to 1 (in seconds) in 
order to be significant. The general 
grouping of several widely used classes 
of insulating' materials is approximately 
as follows; 

Hot molded or laminated materials 

(general) . .10 sec, and under 

Hot molded or laminated materials 

(higher arc resistant types) 60 to 180 sec. 

Cold molded materials (nonrefractory) 60 to 300 sec. 

Cold molded materials (refractory) . . . 240 to 480 sec. 
Special materials (porcelain, wet or 
dry process; fused quarta:; best grade 
slate; and similar materials) ....... . 420 to 660 sec. 

Nature of Test 

2. A high-voltage low-current a-c. arc, 
drawn between two tungsten pointed 
electrodes resting upon the surface of 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the_ A.S.T.M. 
Committee B-9 on Electrical Insulating Materials. 

2 Prior to adoption as standard , this method was pub- 
lished as standard froir 1938 to 1941, being revised in 1941. 


the material under test, is increased at 
i-min. intervals until the material fails 
by becoming conducting. The time 
required to reach failure is a measure 
of the arc resistance of the material 

Apparatus 

3. The apparatus shall consist of , the 

following: 

{a) Transformer , — A transformer ' of 
any convenient rating equal to or 
greater than ,12 kv. and 1.2 kva. The 
source of supply of a-c. energy shall be 
not less than 1 kva., and the frequency 
shall be 60 cycles per sec. (Mote 1). 

Note 1.— When it is desired to test only 
organic insulating materials, a transformer 
rating of 12 kv. and 0.5 kva., or less, depending 
upon the material, will be satisfactory and the 
higher current steps will not be required. 

(6) Ammeter —k suitable milli- 
ammeter (Note 2) for measuring the 
secondary current of the transformer. 
The secondary current shall be con- 
trolled in magnitude by a variable resist- 
ance or inductance in the primary circuit. 

Note 2.~~Dependmg upon the transformer 
design, more or less high-frequency current is 
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present in the Mgli- voltage circuit, and unless 
proper precautions are taken, erroneous mil- 
liammeter readings may be obtained. 

(c) Interrupter, -—A motor-driven in- 
terrupter to give the required cycles 
for the three lower steps of the test. 
A wiring diagram of the equipment re- 
quired for the test is shown in Fig. 1. 



Fig. 1.— Wiring Diagram. 


(d) Electrodes,— Eleciiodes consisting 
of threaded steel rods 0.186 in. in diam- 
eter, equipped with tungsten wire tips 
0.060 in. in diameter, which shall have 
a conical point with a 60-deg. included 
angle. The electrodes shall be screwed 
into brass inserts in a wooden block at 
45 deg. to the vertical and shall be 
adjusted to give a gap of 0.320 in. 
(0.813 cm.). Both electrodes shall lie 
in the same vertical plane. The weight 
of the block shall be supported on the 
two electrode points and on a third 
adjustable screw at the back of the 
block. The method of mounting the 
electrodes is illustrated in Fig. 2. 



Test Specimens 

4. The test specimens may be of any 
size or shape, provided a flat, or nearly 
flat, surface of about 0.16 sq. in. (1 sq. 
cm.) in area and at least | in. in thick- 
ness, either one piece or in a pile-up of 
thin sheets, is available for each test. 


Procedure 

5. (a) The arc-resistance test shall be 
made in air, sheltered; from' drafts, and 
with the specimen at room temperature. 
The electrode points shall be kept sharp 
and shall rest on the specimen in a hori- 
zontal position, as shown in Fig. 2. 
The open circuit voltage of the testing 
transformer shall be adjusted to from 
12 to 15 kv. before starting the test. 

(b) The sequence of steps, as shown in 
Table I, may be manually controlled by 
the operator or automatically controlled 
by a timing and switching circuit. The 
time in seconds from the start of the 
test until the failure of the material 
shall be recorded. Failure occurs when 
the surface of the material under test 


TABLE I.-SEQUENCE OF 1-MIN. CURRENT STEPS. 


Current, ma. 

Time Cycle** 

Approxi- 
mate Rate 
of Heat 
Generation, 
watts 

Total 

Time, 

sec. 

10 

H sec on, IM sec. off 

3 

60 

10 

sec. on, H sec. off 

6 

120 

10 

}4 sec. on, li sec off 

12 

180 

10 

continuous 

24 

240 

20 

continuous 

34 

300 

30 

continuous 

45 

360 

40 

continuous 

56 

420 

SO 

continuous 

67 

480 

60 

continuous 

79 

540 

70 

continuous 

91 

600 

80 

continuous 

103 

660 

90 

continuous 

115 

720 

100 

continuous 

128 

780 


* In the earlier steps an interrupted arc is used to ob- 
tain a less severe condition than the continuous arc; a 
current of less than 10 ma. produces an unsteady arc. 


becomes conducting, at which time the 
arc in air disappears and a bright line 
appears between the electrodes (Note 3). 

Note 3. —It is frequently difficult ‘to deter- 
mine the time of failure of arc-resistant ma- 
terials, such as refractory materials, porcelain, 
etc., as the entire surface under test is at white 
heat for some time before failure. The results 
of these tests are therefore liable to be con- 
siderably influenced by the judgment of the 
operator. For materials which last through the 
100-ma. step, the test shall be discontinued as 
such high currents rapidly burn away the elec- 
trodes and it is very difficult to determine the 
time of failure. 
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Niiniber of Tests 

6. Unless otherwise specified, ten tests 
shall be made. 

Report : 

. 7, Unless otherwise specified^ the re- 
port shall include the following: 

(I) A suitable description of the ma- 
terial tested and the approximate thick- 
ness at the test location, 


( 2 ) The time in seconds for each failure 
and the average time of failure for the 

ten tests, 

(J) The current step at which each 
failure takes place, and 

( 4 ) A general statement describing the 
behavior of the material during the test 
and the manner in which it fails (car- 
bonizes, volatilizes, fuses, melts, or simi- 
lar reaction). 


Standard Methods of Test for 

DIELECTRIC STRENGTH OF ELECTRICAL INSULATING 
MATERIALS AT COMMERCIAL POWER FREQUENCIES' 


A.S.T.M. Designation: D 149 - 44 

Adopted, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 149; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test outline 
procedures for the determination of 
dielectric strength of solid, semisolid, 
and liquid electrical insulating mate- 
rials, except where a specific material 
requires a certain amount of special 
treatment. In such cases, reference 
should also be made to the applicable 
A,S.T.M« methods for the material to 
be tested (Note). 

Note. — The following methods and specifi- 
cations of the American Society for Testing 
Materials now provide for dielectric strength 
tests: 

Tentative Methods of Testing Molded Ma- 
terials Used for Electrical Insulation 
(A.S.T.M, Designation: D 48), ^ 

Tentative Methods of Testing Varnishes 
Used for Electrical Insulation (A.S.T.M. 
Designation: D 115),^ 

Standard Methods of Testing Electrical 
Porcelain (A.S.T.M. Designation: D 116),® 

Standard Methods of Testing Electrical In- 
sulating Oils (A.S.T.M. Designation: 
D 117 -43),® 

1 Under the standardization procedure of the Society , 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1922 to 1944, being revised in 
1923, 1924, 1926, 1927, 1930, 1931, 1932, 1933, 1934, 1936, 
1938, 1939, and 1940. 

3 Appears in this publicationj see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Tentative Methods of Testing Electrical In- 
sulating Oils (A.S.T.M. Designation: D 
117 - 46 T), 3 

Standard Methods of Testing Solid Filling 
and Treating Compounds Used for Electri- 
cal Insulation (A.S.T.M. Designation: 
D 176),® 

Tentative Methods of Sampling and Testing 
Untreated Paper Used in Electrical 
Insulation (A.S.T.M. Designation ;D 202),® 
Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical Insula- 
tion (A.S.T.M. Designation: D 229),® 
Tentative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes Used in 
Electrical Insulation (A.S.T.M. Designa- 
tion D 295),® 

Standard Methods of Testing Laminated 
Tubes Used in Electrical Insulation 
(A.S.T.M. Designation: D 348),® 

Standard Methods of Testing Laminated 
Round Rods Used in Electrical Insulation 
(A.S.T.M. Designation: D 349),® 

Standard Methods of Testing Flexible Var- 
nished Tubing Used for Electrical Insulation 
(A.S.T.M. Designation: D 350),® 

Standard Methods of Testing Pasted Mica 
Used in Electrical Insulation (A.S.T.M. 
Designation: D 352),® 

Standard Methods of Test for Product Uni- 
formity of Phenolic Laminated Sheets (A.S. 
T.M. Designation: D 6v34),® 

Tentative Methods of Testing Varnished 
Glass Fabrics and Varnished Glass Fabric 
Tapes Used in Electrical Insulation 
(A.S.T.M. Designation: D 902),® 
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Tentative Specifications for Friction Tape for 
General Use for Electrical Purposes 
(A.S.T.M. Designation:, D 69) ,3 and 

Tentative Specifications for Rubber Insulat- 
ing Tape (A.S.TM. Designation: D 119).® 

Nature and Types of Tests 

2. (a) The dielectric strength of an 
insulating material is the maximum 
potential gradient that the material can 
withstand without rupture. It is cah 
culated from the breakdown voltage 
and the thickness of the specimen at or 
near the point of rupture, and is com- 
monly expressed in volts per mil or 
volts per millimeter. The value ob- 
tained in a test will depend' upon the 
method and conditions of test. 

(b) In general, the dielectric strength 
of insulating materials decreases with 
time of exposure to the electrical stress. 
Tests involving short exposures are, 
therefore, primarily comparative and 
not indicative of the breakdowm of the 
materials under prolonged exposure to 
lower stresses. 

(c) For quick determinations of di- 
electric strength, the short-time test 
has been devised. For fairly rapid 
determinations, but laying more em- 
phasis upon the time factor, the step- 
by-step test has been arranged. For 
tests involving longer time factors, 
reference should be made to the appli- 
cable A.S.T.M. methods for the material 
to be tested (see Note, Section 1). 

Electrical Apparatus 

3. (a) Transformer. —The desired test 
voltage may be most readily obtained 
by a step-up transformer energized from 
a variable low- voltage source. The 
transformer and its controlling equip- 
ment shall be of such size and design 
that, with the test specimen in circuit, 
the crest factor (ratio of maximum to 
mean effective) of the test voltage shall 
not differ by more than plus or minus 
5 per cent from that of a sinusoidal wave 


over the upper half of the range of test 
voltage. The crest factor may be 
checked by means . of ' ,a sphere gap or 
peak-reading ' voltmeter in conjunction 
with a r.m.s. voltmeter. For test speci- 
mens of small capacitance, a testing 
transformer as small as 500-v.-amp. 
rating or a well-designed potential trans- 
former may be adequate. For speci- 
mens of high capacitance, a transformer 
of ample kilovolt-ampere rating must be 
used. Where the wave-form cannot be 
determined conveniently, a transformer 
having a rating of not less than 2 kva. 
shall be used for voltages not exceeding 
50,000 V., and one having a rating of not 
less than 5 kva. for voltages exceeding 
50,000 V. Tests shall be made at com- 
mercial power frequencies. 

Note. — When a transformer is used at vol- 
tages lower than its full rating, the current drawn 
from the high voltage winding should not exceed 
the full-load full- voltage current rating. 

(J) Circuit Breaker . — The test trans- 
former circuit shall be protected by an 
automatic circuit-breaking device de- 
signed to open instantaneously on the 
current produced by breakdown of the 
test specimen. Excessive flow of cur- 
rent at the time of breakdown causes 
pitting and heating of the electrodes, 
and thereby increases the work of 
electrode maintenance and time of 
testing. 

{c) V oUage Control— The xd±e oi Yol%~ 
age rise shall not, for short-time tests, 
vary more than plus or minus 25 per cent 
from the specified rate. Control of volt- 
age may be secured in one of several 
ways: (i) variable-ratio auto-trans- 
former, (2) resistance-potential divider 
(J) generator-field regulation, or (4) in- 
duction regulator. Preference should 
be given to equipment having an ap- 
proximately straight-line voltage-time 
curve over the desired operating range. 
Motor drive, with variable speed con- 
trol, should be preferred to manual 
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drive because of the difficulty^ in main- 
taining reasonably uniform rate of 
voltage rise with the latter. 

Note.— A small variable auto-transformer, 
motor controlled, with automatic limit features, 
is' described in' the Appendix., 

(d) VoUmekr—Tht voltage shall be 
measured by an approved method which 
gives root-mean-square values, prefer- 
ably by means of: (i) a voltmeter con- 
nected to the secondary of a separate 
potential transformer, {2) an electro- 
static voltmeter in the high-tension 
circuit, or (3) a voltmeter connected 
to a well-designed tertiary coil in the 
test transformer. A voltmeter con- 
nected to the low-voltage side of the 
testing transformer may be used only if 
the ratio of transformation does not 
change appreciably with load. 

(e) Rate of Rise of Voltage , — The rate 
of voltage rise may be calculated from 
measurements of time required to raise 
the voltage between two prescribed 
values. When motor-driven regulating 
equipment is used, the speed-control 
rheostat may be calibrated in terms of 
voltage rise for any particular test trans- 
former. 

Electrodes 

4. The dielectric strength of an insu- 
lating material varies with the thick- 
ness of the material and the area and 
geometry of the test electrodes. Tests 
made with different electrodes are not 
comparable. Where materials are made 
up into forms of uniform thickness, 
such as sheets and plates, tests shall be 
made upon that thickness of material. 
In other cases, a thickness of test 
specimen and diameter and shape of 
electrode have been selected that are 
compatible with convenience of testing. 
The electrodes used shall be as follows: 

(a) Thin Solid Materials (Sheets and 
Plates): 


' (i) Wide , — Metal disks 2 in. in 
diameter, and 1 in. in length with 
the edges rounded to a radius of J in. 

{2) Narrow (Tapes).— Opposing 
cylindrical rods in. in diameter: 
with edges rounded to a radius of 
in. Upper movable electrode shall 
weigh 0.1 db 0.005 lb. 

Note. — For rubber and friction tapes, refer- 
ence should be made to the Tentative Specifi- 
cations for Rubber Insulating Tape (A.S.T.M, 
Designation: D 119),® and for Friction Tape 
for General Use for Electrical Purposes 
(A.S.T.M. Designation: D 69)® of the American 
Society for Testing Materials. 

(&) Thick Solid Materials,— Metal 
disks 1 in. in diameter, and 1 in. in 
length with edges rounded to a radius 
of I in. 

(c) Liquids , — Metal disks 1 in. in 
diameter with square edges, mounted 
with axes horizontal. 

{d) Compounds , — Hemispherical metal 
electrodes •! in. in diameter. 

(e) Materials Requiring Special Treat- 
ment (Tubes, Varnishes, etc.).— Refer- 
ence shall be made to the specific 
methods for the materials to be tested 
(see Note, Section 1). 

Test Specimens 

5. (a) The dielectric strength of an 
insulating material varies with the 
thickness of the test specimen. Tests 
on specimens of different thickness are 
therefore not comparable. The speci- 
mens shall be representative of the 
material to be tested. Sufficient mate- 
rial shall be available to permit making 
five satisfactory tests (Section 11). 

{h) Thin Solid Materials (Sheets and 
Plates).— The test specimens need be 
only of sufficient area to prevent flash- 
over under the conditions of test. 

{c) Thick Solid Jfafenafc.— The 
breakdown voltage of thick solid mate- 
rials is so high that special test speci- 
mens, of reduced thickness, shall be cut 
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or moided. . For details of these speci- 
mens, reference shall be made to the 
specific , methods for the materials to 
be tested (see Note, Section ■!). 

(d) Liquids,— Fox testing liquids, it 
is' necessary to use a special test cup 
with electrodes rigidly mounted with 
their axes in a horizontal plane. The 
cup shall -be of such design that no part 
of it is less than | in. from any part of 
the test faces of the electrodes, when 
the latter are in testing position. It 
shall be made of a material of high 
dielectric strength, insoluble in, and 
unattacked by any of the test or clean- 
ing liquids and nonabsorbent as far as 
moisture and the test and cleaning liquids 
are concerned. The top of the cup shall 
be about 33 mm. (IJ in.) above the top 
of the electrodes. 

(«) Other Materials , — For a descrip- 
tion of the test specimens of other 
materials, reference shall be made to 
the specific methods for the materials 
to be tested (see Note, Section 1). 

Conditioning of Test Specimens 

6. {a) The dielectric strength of most 
insulating materials varies with tem- 
perature and humidity. Usually it is 
desirable to determine the dielectric 
behavior of a material over the range 
of temperature and humidity to which 
.it is likely to be subjected in use. As 
this varies for different materials refer- 
ence shall be made for information 
concerning the conditioning treatment 
of a particular material to the specific 
method for that material (see Note, 
Section 1). Materials may be condi- 
tioned in a suitably controlled chamber. 
The test specimens shall be kept in the 
chamber long enough to reach a uniform 
temperature and humidity before volt- 
age is applied. The dielectric strength 
tests shall be made on the specimen 
while still in the conditioning chamber. 
For purpose ■ of tests, a high-voltage 


conductor may be conveniently earned 
into the chamber through an ' insulating 

bushing. 

{h) For tests made in air, use may be 
made of any well-designed oven of 
sufficient size to hold the test equipinent. 
It should be provided with some means 
of circulating the air, so that approxi- 
mately constant temperature is main- 
tained around the test specimen, and 
with a thermometer or thermocouple 
for measuring the temperature as near 
the point of test as practicable. 

{c) For tests under oil, use may be 
made of an oil bath, provided with some 
means for circulating the oil, so that 
the temperature is substantially uni- 
form around the test specimens, and 
with a thermometer or thermocouple 
for measuring the temperature as near 
the point of test as practicable. 

Surrounding Medium for Solid 

Materials 

7. In general, it is preferable to test 
materials in the medium, whether air 
or oil, in which they are to be used. 
Where conditions of use are not well 
defined, materials should be tested in 
air up to the point where the breakdown 
is so high that an excessive amount of 
material is required to prevent flashover 
or excessive burning of the surface. 
For specimens having a high breakdown, 
such as the thicker and high-grade mate- 
rials, it is usually necessary to make 
dielectric strength tests under oil, how- 
ever, it should be understood that 
breakdown values obtained under oil 
are not comparable with those obtained 
in air. For the medium to be employed 
on a particular material, reference shall 
be made to the specific method for the 
material to be tested (see Note, Sec- 
tion 1), 

Adjustment and Care of Electrodes 

8. (a) Electrodes shah be held 
coaxial. Where electrodes have flat 
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test faces, the latter shall be parallel to^ 
each other. The test faces shall be 
kept smooth and polished and free 
from pitting. 

(b) Liquid testers shall be cleaned at 
the beginning of each day’s testing and 
after any breakdown occurring at a value 
below the acceptable unit for the liquid 
under test. The electrodes and the test 
cup shall be wiped clean with dry, 
calendered tissue paper or with a clean, 
dry chamois skin. In test cups provided 
with a micrometer screw adjustment, the 
spacing of the electrodes shall be 
adjusted to 0.100 in. by means of the 
micrometer. In test cups not so 
equipped, the spacing of the electrodes 
of the test cup shall be checked with a 
standard round gage having a diameter 
of 0.100 in. or flat steel and ‘‘no-go” 
gages having thicknesses of 0.0995 and 
0.1005 in., respectively, and the elec- 
trodes locked in position. It is impor- 
tant to avoid touching the electrodes or 
the cleaned gage with the fingers or with 
portions of the tissue paper or chamois 
skin which have been in contact with 
the hands. The electrodes and cup 
shall then be rinsed with dry lead-free 
gasoline, Stoddard solvent, or dry, water- 
white kerosine until they are entirely 
clean. Care shall be taken not to touch 
the electrodes or the inside of the cup 
after cleaning, so as to avoid any pos- 
sible contamination. After thoroughly 
cleaning the test cup, it shall be filled 
with a sample of the cleaning fluid and 
voltage applied with uniform increase 
at the rate of approximately 3 kv. per 
sec. (rms. value) until breakdown occurs. 
If the breakdown is not less than the 
established value of the liquid being 
tested, the cup shall be considered in 
suitable condition for testing. If a 
lower value is obtained, the cup shall 
again be thoroughly cleaned and the 
test repeated. A cleaning fluid whose 


breakdown is not less than the 'estab- 
lished value of the liquid being tested 
must be used. .Evaporation „ of the 
cleaning fluid from the electrodes may 
chill them sufficiently to cause moisture 
to condense on their surfaces. For this 
reason, after the final rinsing with 
cleaning fluid, the cup must imme- 
diately be flushed with the liquid to be 
tested, following which the cup should 
be filled for the test. 

Preparation of Test Specimen 

9. (a) Solid Materials —In the prepa- 
ration of test specimens from solid mate- 
rials, care shall be taken to have the 
surfaces adjacent to the electrodes 
parallel and as plane and smooth as the 
material permits. 

(b) Liquids . — The dielectric strength 
of liquid dielectrics may be markedly 
altered by the migration of impurities 
through the liquid. In order that rep- 
resentative test specimens may be ob- 
tained, the container shall be gently 
tilted or inverted several times in such 
a way that any impurities present will 
be thoroughly mixed with the dielectric. 
Too rapid agitation is undesirable, as 
it introduces an excessive amount of 
air into the mixture. Immediately after 
mixing, the test cup shall be filled with 
liquid to a height of not less than 20 
mm. (0.787 in.) above the top of the- 
electrodes. In order that entrapped 
air may escape, the container shall be 
gently rocked a few times and the liquid 
allowed to stand in the cup for 3 min. 
before voltage is applied. Where more 
than one test is made on the same speci- 
men, the liquid shall be allowed to 
stand for 1 min. between tests. 

{c) Other Materials —'F of the prepa- 
ration of specimens of insulating com- 
pounds, varnish' films, etc., reference 
shall be made to the specific methods 
for the materials to be tested (see Note, 
Section 1). ■ 



Tests for Dielectric Strength (D 149 - 44) 


Application of Voltage 

to. (a) Shori-Time Test . — The volt- 
age shall be increased from zero to 
breakdown . at a , uniform rate. For 
solid materials, the rate of rise shall be 
G.S or 1.0 kv. per sec., depending on the 
total test time required and the voltage- 
time characteristic of the material. For 
the rate applicable to a given material, 
reference shall be made to the test 
method for that material (see Note, 
Section 1). For liquid materials, the 
rate of rise shall be 3 kv. per sec. 

(B) Step-hy-Step Test . — An initial volt- 
age shall be applied equal to 50 per cent 
of the breakdown voltage in the short- 
time test, adjusted as shown in the 
following table: 

Adjust 50 per cent of 
Breakdown Voltage by Breakdown Voltage 

Short-Time Method to the Nearest 

25 kv. or less 1.0 kv. (except as 

otherwise 

specified) 

Over 25 to 50 kv., incl. ... 2.0 kv. 

Over 50 to 100 kv., incl. . . 5.0 kv. 

Over 100 kv. 10.0 kv. 

The voltage shall then be increased 
in equal increments as stated in the 
various material specifications, the volt- 
age being held at each step for a definite 
time as stated in the specifications. 
The change from each step to the next 
higher shall be made as rapidly as 
possible, and the time of change included 
in the succeeding test interval. 

Number of Tests 

11. Unless otherwise specified, five 
tests shall be made. If the average 
deviation from the mean exceeds 10 per 
cent, or if any individual test deviates 
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more than 15 per cent irom the mean, 
five additional tests shall be made.: The 
dielectric strength shall be determined 
from the average of all tests. 

Thickness of Solid Materials 

12. Unless otherwise specified, the 
number of thickness determinations 
shall be at least equal to the number of 
punctures. The measurements shall be 
made on material undisturbed by break- 
down, but as near the point of break- 
down as possible. Measurements shall 
be made in accordance with the Stand- 
ard Methods of Test for Thickness of 
Solid Electrical Insulation (A.S.T.M. 
Designation: D 374) of the American 
Society for Testing Materials.® 

Report 

13. Unless otherwise specified, the 
report shall include the following: 

{a) The thickness of the specimen as 
determined in accordance with Section 1 2, 
(B) Total volts at each puncture, 

(r) Volts per mil for each puncture, 
{d) The average, maximum, and mini- 
mum volts per mil for each sample, 

{e) The temperature of the test speci- 
men, 

(/) The percentage relative humidity 
of the surrounding'air, 

(g) The conditioning treatment, 

{h) The duration of the test, 
ii) In the step-by-step test, the value 
of the initially applied voltage and the 
value of the voltage at each step, and 
(/) The size and type of electrodes. 


(See Appendix, p. 130) 
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APPENDIX 



A simple form of motor-operated voltage 
controller is shown in Fig. 1. The control 
element is a variable auto-transformer, A, of 
the slide-wire tj^pe, the slider of which is driven 
through a system of reduction gearing, .S, by a 
small direct-current motor, C. The auto-trans- 
former supplies the primary of the testing 
transformer. 


rise. Rapid adjustment of the rate of rise to 
the value desired is thereby secured without 
subsequent measurements. In reverse, the 
resistor is out of circuit, so that the motor 
operates at maximum speed. 

Over-travel of the motor is prevented by con- 
necting the motor operating circuits through 
segments, EF, on the insulating wheel, D, which 


Fig. L — Variable Auto-Transformer, Motor Controlled, with Automatic Limit Features. 


The motor is provided with a reversing 
switch, so that it may be operated either forward 
or in reverse. For forward operation, a variable 
resistor is connected in series with the armature 
so that the speed may be adjusted to any re- 
quired value. Where one specific testing trans- 
former is used, the control handle of the resistor 
may be calibrated in terms of rate of voltage’ 


is attached to one of the gears. One segment is 
connected in the forward circuit, and the 
length of this is adjusted so that the circuit is 
automatically opened when the maximum avail- 
able voltage is reached. The other segment is 
connected in the reverse circuit, and this is timed 
so that the circuit automatically opens when 
the voltage is reduced to zero. 



Standard Methods of Test for 
CONDUCTING PATHS IN ELECTRICAL SLATE* 



A.S.T.M. Designation: D 273 - 40 

Adopted, 1940.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 273; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods include two pro- 
cedures for testing electrical slate for 
conducting paths or veins. The general 
fields of application and limitations of 
the two procedures are described in the 
sections on application which precede 
each of the methods. Both methods 
are nondestructive and may thus be 
used for routine factory or quarry in- 
spection work. 

Method A 
Application of Method A 

2. This method of test employs high 
voltage at very high frequencies ob- 
tained from a simple spark coil. Nu- 
merical readings are not obtainable 
with this test procedure, but it can be 
depended on to locate conducting paths 
or veins with considerable certainty 
and will, furthermore, give a rough, 
comparative indication of the impedance 
of the slate. It is recommended pri- 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee I)-9 on Electrical Insulating Materials. 

-Prior to adoption as standard, these methods were 
published as tentative from 1927 to 1940, being revised in 
1936. 


marily as a routine factory or quarry 
test, and since the apparatus required 
is very simple and inexpensive, it is 
applicable even where a comparatively 
small quantity of slate is to be tested. 
If the spark coil employed is. of ordinary 
size, this method is much less hazardous 
to the operator than any method (such 
as Method B) which employs high vol- 
tage at commercial frequencies. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a), Spark Coil A spark coil of the 
vibrator type capable of giving a spark 
from I to 1 in. in length between needle 
points. 

Q}) Current Source . — Six volts direct 

current. 

Note 1. — An automobiIe-t 3 ^e storage bat- 
tery of about iOO-amp-hr. capacity is suggested. 

{c) Electrodes.— Om electrode con- 
sisting of a sharp-pointed No. 8 B. & S. 
gage bare copper wire, about 4 in. in 
length, mounted on the end of a hard 

* A Model T Ford igmtion-type spark coil has been 
found satisfactory. 
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rubber rod about 1 in. in diameter and Conditioning 

1 ft. in length, or a multiple-point comb ^o conditioning of the reference 

type electrode mounted on a similar standard or the test specimen is ordi- 

hard rubber rod ^ shown in Fig. 1. warily required, if the surfaces appear 

The comb type electrode permits the moisture tends to 

exploration of large_ areas more rap^ly brush discharge, wet sped- 

tnaa the single-point electrode. The shall be dried in an oven at 150 F. 

electrode used shall be connected to the (^5 C.) for at least 16 hr. before testing, 

high-tension side of the spark coil 
with high-grade automobile ignition Procedure 

wire, or equivalent, not more than 7. (a) With both electrodes connected 
10 ft. in length. The other electrode to the spark coil and while supporting 

shall be a sheet of metal of suitable size the pointed ungrounded electrode by the 

on which the slate under test can be insulating handle, the spark coil vibrator 

laid. This shall be connected to the shall be adjusted to give as smooth and 



Fig. L— Suggested Multiple-Point Electrode for Exploring Slate for Conducting Paths and Veins 

by the Spark Coil Method. 


other terminal of the spark coil which 
shall be grounded. 

Test Specimen 

4. The test specimens may, be of any 
size and shall have all surfaces, including 
edges, sand-rubbed or hone-finished. 

Eef erence Standard 

5. A reference standard consistinjg 
of a sheet of electrical slate of a quality 
to be agreed upon between the manu- 
facturer and the purchaser shall be used. 
This standard may be of any convenient 
size such as I by 12 by 12 in. 


steady a tone as possible. The pointed 
ungrounded electrode shall then be 
brought within about | to 1 in. (de- 
pending upon the capacity of the coil 
used) of the plate electrode, and a con- 
tinuous spark discharge should take 
place. 

(6) The reference standard and the 
test specimen shall be laid side by side on 
the grounded electrode and the pointed 
electrode brought to within about J in. 
of the face of the standard. Under this 
condition a small amount of typical 
bluish brush discharge will be noted 
at the point. The test specimen shall 
then be carefully explored over its entire 



Tests FOR Conducting Paths in Slate (D 273-' 40) 


133 


face and edges with the pointed elec- 
trode^ holding it about in. from the • 
surfaces of the specimen. In the case 
of the comb type electrode, the correct 
spacing between the points and the 
surface is definitely fixed. When a 
conducting vein or path is located, 
sparks will jump and scatter to it in 
lightning-like forks over the surface 
of the specimen (Note 2). Slate that 
shows conducting paths or veins under 
this test is unsatisfactory for electrical 
purposes and should be rejected. 

Note 2. — ^The intensity of the brush dis- 
charge depends in general on the impedance of 
the slate, that is, the lower the impedance the 
greater the brush discharge. Unless the slate 
is to be used in apparatus where practically 
any leakage is objectionable, slight increase in 
the brush discharge noted on the specimen as 
compared with that on the standard is permis- 
sible, provided, however, that it is essentially 
uniform over the entire area of the specimen. 
Such an increase in the brush discharge must 
not be confused with the sparks which occur 
when an actual conducting vein is approached. 
Once observed, this latter sparking is unmis- 
takable as it will be of marked intensity both 
visibly and audibly and will tend to branch out 
in many directions. The veins are sometimes 
confimed to narrow ribbon-like boundaries that 
run the full length of the specimen. Others 
are more generally distributed and in these 
cases the spark discharge sometimes will enter 
the surface at one point, emerge at another and 
re-enter again at still another indicating the 
presence of substrata conducting paths. 

Method B 

Application of Method B 

8. TMs method of test is primarily 
recommended for use when numerical 
readings are considered necessary. 
Fundamentally, this procedure meas- 
ures the leakage current when the slate 
is subjected to a high voltage of com- 
mercial frequency. It requires a mod- 
erate outlay for apparatus and unless 
surrounded by proper safeguards should 
be used only by an operator experienced 
in working with high voltages. It is 


thus primarily a laboratory method but 
is applicable to routine factory or quarry 
inspection service where the volume of 
slate to be tested is sufficiently great to 
justify the expense of the apparatus 
and of providing suitable safeguards. 

Apparatus 

9. The apparatus shall consist of the 
following: 

(a) Transformer , — A testing trans- 
former rated at 1 kva. or larger, high- 
voltage winding for 10,000 v., provided 
with a middle tap. 

(b) Ammeters . — Two similar alter- 
nating-current ammeters having a range 
of 200 or 250 ma. 

{c) Current Source . — A source of alter- 
nating current having a frequency of 60 
cycles per second, of approximately 
sine-wave shape, and of a voltage suited 
to the primary winding of the testing 
transformer. 

(d) Electrodes . — Electrodes consisting 
of two metallic disks each having a con- 
tact area of not less than 2 sq. in., 
mounted in insulating handles for the 
effective protection of the operator, 
and a plate electrode as wide and of the 
same length as the specimen to be tested. 
If the plate electrode cannot be con- 
veniently made as long as the specimen, 
then the specimen shall be tested in 
sections until its entire area has been 
covered (see Note 4, Section 13). 

Test Specimen 

10. The test specimens may be of any 
size, and shall have all surfaces, in- 
cluding edges, sand-rubbed or hone- 
finished. 

Conditioning 

11. No conditioning of the test speci- 
men is ordinarily required, if the surfaces 
appear dry. As surface moisture tends 
to increase the leakage current, wet 
specimens shall be dried in an oven at 
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150 F, (65 C.) , for at least 16 Hr. before 
testing. , 

Proeedtire 

12. (fl) The electrodes shall be con- 
nected with the ammeters, and these in 
tnm with the high-voitage terminals 
of the testing transformer, by flexible 
cables provided with insulation suitable 
for continuous use at 10,000 v. The 
ammeters likewise shall be suitably 
insulated from ground for operation at 
10,000 V. and shall be screened or 
guarded against accidental contact by 
the operator. 

(b) The plate electrode shall be con- 
nected to the midpoint tap of the test 
transformer. 

(c) The primary of the transformer 
shall be connected to the current source 
through a series resistor or reactor 
which will limit the high-tension current 
under short-circuit to not more than 
0.25 amp. The applied voltage shall be 
adjusted until the open-circuit voltage 
of the high-tension winding is 10,000 v. 

Leakage Currents 

13. The leakage currents of the test 
specimen as shown by the ammeters 
shall be noted for the following two 
tests: 


(a) With the specimen lying on the 
plate electrode, both faces of the speci- 
men shall be gone over with the ; disk 
electrodes . held approximately, but not 
less than, 2 in. apart. Observation 
shall be made of the deflection of both 
ammeters. (Notes 3 and' 4.) 

(b) The specimen shall ' be stood on 
edge on the plate electrode and the 
two movable electrodes shall be moved 
over the edges of the specimen with 
attendant observation of both ammeters 
(Note 3). 

Note 3. — ^It is necessary that observation 
be made of both ammeters since the presence 
of a conducting path may result in the deflec- 
tion of either or both instruments, depending 
on the course which the path takes. 

Note 4. — Where a considerable number of 
specimens are to be examined for conducting 
paths and the factory arrangements are such 
that these can be moved forward on some type 
of conveyor, it may be possible to examine the 
specimens in transit. To this end it will be 
necessary to provide tw^o sliding or rolling upper 
electrodes. The lower metal plate electrode, 
6 in. broad or more, shall be so placed that the 
specimen to be examined will pass over it. 
The two upper electrodes, of the sliding or 
rolling type, shall be spaced approximately, 
but not less than, 2 in. apart, and extend in 
parallel lines across the specimen at a suitable 
height and so placed with respect to the lower 
electrode as to make contact with the upper 
surface of the specimen in the region which is 
passing over the lower electrode. 



Standard Methods of Test for 

INSULATION RESISTANCE OF ELECTRICAL INSULATING 

MATERIALS' 



A.S.T.M. Besignation : D 257 - 45 
Adopted, 1933; Revised, 1938, 1945, 1946 * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 257 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the deter- 
mination of insulation and volume 
resistance and approximate surface re- 
sistance of electrical insulating materials; 
also means of converting the latter two 
into terms of volume and surface resisti- 
vities. 

Definitions 

Definitions 

2. (a) Volume Resistance. — ^The vol- 
ume resistance between two electrodes 
which are in contact with, or embedded 
in a specimen, is the ratio of the d-c, 
voltage applied to the electrodes, to that 
portion of the current between them that 
is distributed through the volume of the 
specimen. 

(b) Volume Resistivity. — The volume 
resistivity of a material is the ratio of the 
potential gradient in volts per centimeter 
parallel to the current flow in the ma- 
terial, to the current density in amperes 
per square centimeter. 

1 Under the standardissation procedure of the Society, 
these methods are under the jurisdiction of th® A.S.T.M, 
Committee D~9 on Electrical Insulating Materials. 

s Prior to adoptior as standard, these methods were 
ublished as tentative fr< m 1926 to 1933, being revised in 
1929 and 1932. 


Note 1. — Volume resistivity of a material 
is numerically equal to the volume resistance 
when measured between tw'o electrodes whicb 
cover opposite faces of a centimeter cube of the 
material. 

(c) Surface Resistance. — The surface 
resistance between two electrodes which 
are on the surface of a specimen is the 
ratio of the d-c. voltage applied to the 
electrodes to that portion of the current 
between them which is in a thin layer 
of moisture or other semi-conducting 
material that may be deposited on the 
surface. 

{d) Surface Resistivity. — ^The surface 
resistivity of a material is the ratio of the 
potential gradient in volts per unit dis- 
tance parallel to the current flow along 
its surface, to the current in amperes per 
unit width of surface. 

Note 2. — Surface resistivity of a materialis 
numerically equal to the surface resistance be- 
tween two electrodes forming opposite sides of a 
square. The size of the square is immaterial . 

(e) Insulation Resistance.— The in- 
sulation resistance between two elec- 
trodes which are in contact with, or em- 
bedded in a specimen, is the ratio of the 
d-c. voltage across the electrodes to the 
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total, current .between them. It is de- 
pendent upon both the volume and sur- 
face resistivities of the material as well 
as upon the configuration of the elec- 
trodes. 



Fig. 1. — Application of Binding Post Electrodes 
to Flat, Solid Specimens. 



Note. — The electrodes are either tin foil or other con- 
ducting material applied to both sides of the specimen. 
In the case of tin foil, it is wrapped around metal bars. 
After the bars have been mounted in position, the tin foil 
is pressed down with a thin tool along the edge of the bar 
to assure intimate contact with the insulation. The sug- 
gested dimensions have been found convenient. 

Fig. 2. “-Application of Strip Electrodes to 
Flat, Solid Specimens. 

Test Specimens and Types of 
Electrodes 

For Solid Insulating Materials 
Test: Spedmeui , 

3. The test specimen for solid insu- 
lating materials shall be either in the 
form of a flat plate, a cylinder, or a tube. 

Electrodes 

4. {d) It is important that good contact 
be made between the electrode and the 
insulating material. For repeated tests 


at high relative humidities it is essential 
that the electrode metal be protected 
against tarnish. 

(6) For insulation resistance deter- 
minations,.' the electrodes shown in Fig. 
1 (binding posts), Fig. 2 (metal strips) or 
Fig. 3 (tapered pins) shall be used. For 
separating the insulation resistance in- 
to approximate surface resistance and 
volume resistance (from which approxi- 

Holes Drilled ^/te" in Diameter and 
Reamed to Fit Pratt and Whitney 



Fig. 3. — Application of Tapered Pin Electrodes. 


Thin -WaJled flings 

Guards v 

Blecfrode 


Guarded Bedrode 


/Mercury 




Specimen 
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’Mercury 

Unguarded 

Bfedrade 


Fig. 4. — Application of Mercury Electrodes to 
Flat, Solid Specimens. 


mate resistivities may be calculated) the 
guarded mercury electrodes (Fig. 4) are 
satisfactory though rather difficult to 
manipulate under abnormal atmospheric 
conditions. 

{c) For insulation resistance measure- 
ments on molded or laminated materials 
the electrodes shown in Fig. 3 (tapered 
pins) shall be used, unless otherwise 
agreed upon by the manufacturer and 
the purchaser. Figs. 1 and 2 show 
electrodes which are in common use and 
which may be specified in place of the 
tapered pins, upon mutual agreement 
between the manufacturer and the 
purchaser. 

Ele.ctro(ies for Voltinie and Surface Re- 
sistance 

5. When both the volume and sur- 
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face resistances are to be measured, there 
shall ' be applied to each specimen three 
electrodes' designated, ' respectively, as 
the unguarded electrode, the guarded 
electrode, and the guard electrode (see 
Fig. 4). In the case of a flat specimen, 
the guard electrode shall be in the form 
of a ring surrounding the guarded elec- 
trode as shown in Fig. 4. In the case of 
tubular specimens the electrodes shall 
be applied as shown in Fig. 5. 



Note.— In the case of a few nonabsorbent 
materials such as hard rubber and glass the 
insulation resistance measurement may be con- 
sidered a measurefaient of the surface resistance 
from which the surface resistivity may be calcu- 
lated. Such assumptions are undesirable, 
however, because they invariably lead to gen- 
eralization at the expense of accuracy. Conse- 
quently, the plain insulation resistance test 
should be used except for research purposes. 

B. For Liquid Insulating Materials 
Sampling ■ 

6. Samples of oil shall be obtained as 
described in Sections 2 to 8 of the Stand- 


ard Methods of Testing , Electrical In- 
sulating Oils (A.S.T.M.^ designation: 
D 117) of the American Society for Test- 
ing Materials.^ Samples of other liquid 
dielectrics shall be obtained in a similar 
manner with regard to cleanliness of con- 
tainers and sampling apparatus and shall 
be representative of the lot to be tested. 
The quantity of the sample depends 
upon the type of resistivity cell used, but 
in any case it shall be sufifldent to per- 
mit three separate resistivity determina- 
tions. 

Electrodes 

7. Suitable electrodes for liquid in- 
sulating material are parallel planes 
concentric cylinders, or coaxial cones. 
The distance between the electrodes 
shall be not less than 0.75 mm, (0.03 in.) 
nor more than 5 mm. (0.2 in.). The 
voltage gradient shall not exceed 1200 
V. per mm. (30 v. per mil). The area of 
the electrodes shall be sufficiently large 
so that the current flow can be measured, 
with the apparatus available, to an ac- 
curacy of 5 per cent. 

Note 1. — Electrode areas of 50 to 500 sq 
cm. (8 to 78 sq. in.) should prove suitable. 

Note 2.— The electrode surfaces shall be 
made of a material capable of resisting attack by 
mild acids found in certain insulating oils such 
as petroleum oil, particularly after prolonged 
exposure to elevated temperatures. Metals 
which have been found satisfactory from this 
standpoint are gold, nickel, monel, and platinum. 
In general, plated surfaces have been found less 
satisfactory than solid metal electrodes. 

Note 3. — Any of the cells described in 
Appendix III of the Tentative Methods of 
Test for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (A. S.T.M. 
Designation; D 150)^, are satisfactory for use in 
resistivity measurements. 

Note 4. — If the shape of the electrodes is 
such that their effective area and the distance 
between them is difficult to measure, the volume 
resistivity may be calculated by the use of the 
following formula: 

K = 36ir X lO^T X C 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations atf rent of book. 
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wliere K *=* the constant by which the measured 
, resistance is to be multiplied to give 
■ the volume resistivity, and 
C = the capacitance in ' f arads of the 
electrode system with air as the 
dielectric. For methods of meas- 
urement of C, see the Tentative 
Methods of Test for Power Factor 
and Dielectric Constant of Electri- 
cal Insulating Materials (A.S.T.M. 
Designation: D 150) of the Ameri- 
can Society for Testing Materials.® 

Apparatus' 

8. (a) The apparatus shall consist of 
a source of direct-current potential, a 
galvanometer with suitable shunts, a 
calibrating resistance, reversing switches 
and keys. The apparatus shall conform 
to the requirements specified in the fol- 
lowing Paragraphs (5) to (e). 

(b) Direct- Current Potential. — A dry 
or storage battery may be used as a 
source of potential. A rectified alter- 
nating-current voltage supply may also 
be employed, if precautions are observed 
to maintain a sufficiently constant direct- 
current voltage. 

{c) Galvammeter.'—The galvanometer 
shall have as high a sensitivity as is 
consistent with reasonable stability of 
zero. A sensitivity of amp. per 
milliradian (1 mm. at 1-m. scale dis- 
tance) is sufficient to measure resistance 
as high as 10^^ ohms with an accuracy of 
plus or minus 10 per cent. It should be 
well damped. The most convenient 
shunt is the type known as a universal or 
Ayrton shunt, whereby that fraction of 
the total current which passes through 
the galvanometer may be changed with- 
out changing the galvanometer damping. 

(d) Calibrating Resistance.— The caii- 
brating resistance shall be at least 
100,000 ohmso One megohm is prefer- 
able for ordinary measurements. 

(e) Switches and Keys. — All switches 
and keys shall be suitably insulated and 
guarded. 


Note 1. — resistances higber than 10^ ohms 
are to. be measured, a ballistic or a quadrant 
electrometer method is often .employed. The 
latter method is desciibwl in the National Bu- 
reau of Standards Scientific Paper No. 234^ 
Other methods of measuring the minute cur- 
rents flowing through these high resistances, 
employing vacuum tube electrometers,® are 
available and their use is permitted. 

Note 2. — A bridge method of measuring in- 
sulation resistances up to 10^ ohms may be 
used, if a high-resistance balance detector, such 
as a vacuum-tube voltmeter, is employed, and 
the necessary guarding requirements are ob- 
served. 

Measurements 

Measurements for Insulation Resistance 

9. The following measurements shall 
be made when insulation resistance is to 
be determined: 

(a) Dimensions of the electrodes 
(Figs. 1, 2 and 3), 

(b) Distance between or spacing of the 
electrodes, 

(c) The insulation resistance between 
the electrodes, 

(d) The temperature of the material 
under test (see Section 11 (a)), 

(e) The relative humidity of the sur- 
roundings (see Section 11 (a)), and 

(/) Voltage used in measuring. 

Measurements for Volume and Surface 

Resistance 

10. The following measurements shall 
be made when both volume and surface 
resistance are to be determined by means 
of the specimens shown in Figs. 4 and 5 : 

(a) Area of the guarded electrode, 

(b) Distance between the guarded 
electrode and the guard electrode, 

(c) The over-all insulation resistance, 
that is, the resultant of the surface and 

•*11, L. Curtis, ‘Tnsulating Properties of SoKd Dielec- 
trics ” National Bureau of Standards Paper No. 

234, Vo\ tl.p 364. 

*D. B. Pcnick, “Direct Current Amplifier Circuit for 
Use witli the Electrometer Tube,” Review' of Seientifie 
Ins^uments, Vol. VI, p. 113, April, 1935, 
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volume resistances j when the measure- 
ment is made with the guard electrode 
connected, to the unguarded electrode, 
The volume resistance, which is 
the resistance between the guarded elec- 
trode and the unguarded electrode when 
the guard electrode is maintained at 
substantially the same potential as the 
guarded electrode, 

(e) The temperature of the material 
under test (see Section 11 

(/) The relative humidity of the sur- 
roundings (see Section 11 (a)), 

(g) Voltage used in measuring, and 

(h) Thickness of the specimen. 



Fig. 6. — Relation of Relative Humidity of Air 
and Density of Acid-Water Mixture. 


Note. — In the case of insulating oils it is 
often desirable to make measurements at an 
elevated temperature. To determine the suit- 
ability of oil for commercial apparatus tests are 
usually made at 85 C. or 100 C., or both. 

.Procedure 

Conditioning 

11. (a) Unless otherwise agreed upon, 
determinations of insulation resistance of 
solid dielectrics shall be made on speci- 
mens which have been exposed for a 
period of 96 hr. in an atmosphere main- 
tained at a relative humidity of 90 =t: 2 
per cent and a temperature of 35 ±1 C. 


(95 =b 2 F.).- When introduced into . the 
conditioning chamber the specimen shall 
be at a temperature of 35 C. within + 5 
or — 0 C. Measurement of insulation 
resistance shall be made while the speci- 
men is in the conditioning chamber main- 
tained at the above specified relative 
humidity and temperature. An alterna- 
tive conditioning procedure®, requires 
that the determination of insulation 



mination of Insulation Resistance. 


resistance of solid dielectrics shall be 
made on specimens which have been im- 
mersed in water at 50 C. (122 F.) for a 
period of 96 hr., then cooled in water and 
wiped off. Other conditioning processes 
may be used if agreed upon by the manu- 
facturer and the purchaser. 

Where electrode leads pass through 
the walls of the chamber, care shall be 


« This procedure is esseatially the same as the condi- 
tioning procedure specified in the Joint Army-Navy 
Specifications for Plastic-Materials, lammated Thermo- 
setting Sheets and Plates (JAN-P-13), for Plastic-Ma- 
terials, Molded Thermosetting (JAN-P-14),aiadfor Plastic- 
Materials, Laminated, Thermosetting: Rods and Tribes 
(JAN-P-79). 
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taken to insure against current leakage 
at these points by suitable guarding or 
by passing leads through bushings of 
wax or other non wetting materials. 

(6) EMmidity avd Temperature Con- 
method of humidity and tem- 
perature control may be used provided 
the stipulated limits of plus or minus 2 
per cent for humidity and plus or minus 
1 C, (2 F.) for temperature are not 
exceeded. These limits are based on the 
capabilities of commercial conditioning 
equipments and, while generally ac- 
ceptable for acceptance testing, are not 
close enough for referee work. In the 
latter case, humidity should be main- 
tained at plus or minus i per cent and 
temperature at plus or minus 0.5 C. (1 
F.) or at closer limits, if obtainable, as 
agreed upon by the manufacturer and 
the purchaser. In small chambers, such 
as desiccator jars using acid or salt solu- 
tions, a small leak should be provided to 
maintain the conditioned space at ap- 
proximately atmospheric pressure. In 
such containers a sulfuric acid-water 
mixture may be used to maintain the 
humidity at any desired point (see Fig. 
6)1 Saturated solutions of certain salts 
such as sodium chloride, potassium 
chloride, and sodium nitrate may also be 
used to maintain definite humidity 
conditions. The temperature of the 
desiccator or other container shall be 
maintained constant, and an adequate 
surface exposure of the mixture or 
solution shall be provided. A gentle air 
circulation should be maintained, but not 
sufficient to pick up droplets of the 
solution. 

Method of Meastiring Resistance 

12. The resistance may be measured 
by means of a galvanometer used as an 
ammeter. The galvanometer shall have 
a suitable shuUt for increasing its range. 
Figure 7 shows the diagram of connec- 


tions and guarding of circuits, which are 
suitable for use in measuring the insula- 
tion resistance of specimens of the types 
shown in Figs. 1, 2 and 3, or for the 
approximate separation of surface and 
volume resistance by means of the ar- 
rangements shown in Fig. 4 or 5. 

Insulation Resistance Determination . 

13. {a) The insulation resistance re- 
quired in Section 10 {c) shall be deter- 
mined as follows: Connect the leads to 
adjacent terminals on the specimen. 
Set the universal shunt at the position of 
lowest galvanometer sensitivity, close 
the battery reversing switch to the de- 
sired polarity. Increase the shunt ratio 
until a readable deflection is obtained on 
the galvanometer. Read the deflection 
1 min. after closing the reversing switch. 
Open the reversing switch and close key 
K-1. 

{b) The resistances required in Sec- 
tion 10 {c) and (d) shall be determined 
by the deflection method, using the com- 
pletely guarded circuit (Fig. 7) including 
the guard electrode on the specimen. 
The procedure is the same as that speci- 
fied in Paragraph (a). In either case, 
if no appreciable deflection is obtained 
when the universal shunt is set at the 
position of maximum galvanometer sensi- 
tivity, the resistance is too high to be 
measured without resorting to one of 
the methods mentioned in Note 1 under 
Section 8. 

Precautions 

14. (a) Mounting Specimens . — In 
mounting the specimens for measure- 
ment, it is important that there shall 
be no conductive paths between the 
electrodes except those through the 
specimen. For example, the specimens 
shown in Figs. 1, 2 and 3 shall be held 
by one or both edges so that no one of 
the electrodes touches the supports. 
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, (&) M easufing High Resistances. -~-ln 
measuring high resistances by the set- 
up shown in Fig. 7, it is important that 
all parts of the apparatus between the 
guarded electrode and the battery ter- 
minal of the galvanometer shall be 
guarded, and adequately insulated from 
the guard. This applies also to key, 
K.-1. The guard shall be sufficiently 
insulated from ground and from contact 
with the operator to prevent failure of 
the battery by leakage and danger of 
shock to the operator. Apparatus be- 
tween the guarded electrode and the 
battery terminal of the galvanometer 
shall be sufficiently insulated from the 
guard so that the leakage shall not form 
an appreciable shunt on the galvanom- 
eter. This insulation resistance need be 
only 10 megohms. 

(c) Measuring Volume Resistance , — 
In measuring the volume resistance by 
the deflection method it is important 
that the current flow between the 
guarded electrode and the guard elec- 
trode shall be negligible. The current 
through the specimen divides between 
tliis path and that through the galvan- 
ometer with its shunt, and only the flow 
through the galvanometer is measured. 
In order that the error resulting from 
this source shall be less than 1 per cent, 
the insulation resistance between the 
guarded electrode and the guard elec- 
trode shall be more than 100 times the 
resistance of the galvanometer with its 
shunt. The key, K-2, which short 
circuits the calibrating resistance when 
it is closed, makes it possible to reduce 
this error by reducing the ratio of the 
resistance of the galvanometer path to 
that of the insulation resistance between 
guarded and guard electrodes. If, when 
measuring a resistance of over 100 meg- 
ohms, an appreciable change of deflec- 
tion is seen when key K-2 is closed or 
opened, it is an indication that leakage 
is occurring between guard and guarded 


electrodes. The reading with key K-2 
closed is the more nearly correct and 
should be used in calculating the vol- 
ume resistance. 

(d) Calibration . — ^In calibrating, the 
specimen shall be short circuited by 
means of key K-1, and with the same 
voltage applied that was applied to the 
specimen, the galvanometer deflection 
produced shall be read when only the 
calibration resistance is in series with it, 
using a suitable shunt ratio. 

Calculations 
Volume Resistance 

15. If the calibrating resistance has a 
sufficiently high value, and a suitable 
universal shunt is provided, the resist- 
ance of a specimen may be easily com- 
pared with the calibrating resistance. 
The shunt setting ma}!^ be represented by 
a fractional ratio, s, in negative powers 
of ten, or by a multiplying factor, /, in 
positive powers of ten. In the former 
case, when measuring the specimen, call 
the shunt ratio, 5, and the galvanometer 
deflection, d. Let the galvanometer de- 
flection observed during calibration (Sec- 
tion 14 (d)) be represented by D, and 
the corresponding shunt ratio by, 5; then 
if the calibrating resistance has a value, 
If, the resistance of the specimen, R, 
may be calculated from the following 
formula: 

«> 

Or, if the shunt setting is given in 
multiplying factors, the formula be- 
comes: 

R=M M.. ...( 2 ) 

« / 

where F = the shunt setting for the 
calibrating resistance, and 
/ = the shunt setting for the 
specimen. 

If the calibrating resistance is so small 
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that ; battery' 'will give too large a 
deflection of the galvanometer with the 
smallest shunt ratio (or largest multi- 
plying factor) j it is then necessary to 
calibrate by means of a low-voltage bat- 
tery, The same measurements shall be 
made as in the previous cases, but it is 
now necessary to know the voltage of 
the calibrating battery, £, and of the 
measuring battery, Then: 

or . 


Insulation Resistance 


16. The insulation resistance is the 
resistance as measured between any 
two adjacent binding posts of Fig. 1, 
between any two adjacent metal strips 
of Fig. 2, or between the tapered pins of 
Fig. 3. This value should be expressed 
merely as “insulation resistance.” 
Where it is a certainty that the leakage 
is confined entirely to the surface, re- 
sults so obtained may be converted to 
surface resistivity in terms of “surface 
resistance per square” by using the fol- 
lowing relation for the disks: 


ttR' 


In 




..(5) 


where R* = twice the measured resist- 
ance, 

d = the distance between the 
centers of the disks, 
r == the radius of the disks, and 
In = the natural logarithm. 

If d has a value between 3f and 4r 
the following approximate formula may 
be used; 


TT R%d +r) 

"" . ' .2 , \' i.-f 


In the case of metal strips applied to a 


thin tape or strip of insulating material 
the surface resistance per square may be 
calculated by the following' formula: 



(7) 


where R^ = twice the surface resistance 
as measured, 

b = average width of the tape 
or strip of insulating mate- 
rial, and 

L = distance between the elec- 
trodes. 

Volume Resistivity 

17, The volume resistivity, p, shall 
be calculated from the following for- 
mula: 



where R - the volume resistance as 
measured with the specimen 
shown in Fig. 4 or 5 in ac- 
cordance with Section 10 (<f), 
A = the area of the guarded elec- 
trode, and 

t = the average thickness of the 
specimen. 

Surface Resistance 

18. (a) The surface resistance may be 
calculated from the measurements made 
with the specimen shown in Fig. 4 in 
accordance with Section 10 {c) and (J). 
This is, by far the most reliable method. 
The formula for calculating the surface 
resistance is as follows: 



R, R 
R-R, 


(9) 


where i?' = the surface resistance, 

R. — the over-all resistance, Sec- 
tion 10 (c) , and 

R — the volume resistance. Sec- 
tion 10 (d). 
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(S) Surface Resistivity —The surface 
resistivity shall be calculated from the 
surface resistance as follows: 



where a = the surface resistivity, 

== the surface resistance, 

<; = the average circumference 
of the guarded electrode 
and of the inner edge of the 
guard electrode, and 
L = the distance between the 
electrodes. 

Retort 

Report 

19. The report shall include the in- 


formation indicated in , the following 

Paragraphs (a), (i), (e), (/), (g) and (A) 

and may include the items in Para- 
graphs (6) and (c): 

(a) The over-all insulation resistance 
in ohms, 

(b) The. volume resistivity in' ohm'- 
cm. units, 

(c) The surface resistivity in ohms, 

(d) The temperature in degrees Cen- 
tigrade, 

{e) The percentage relative humidity, 
(/) Time of exposure to that humidity, 
{g) The voltage used when other than 
the specified voltage, and 
{h) The type of electrodes. 


Standard Methods of 

TESTING, GRADING, AND CLASSIFYING NATURAL MIGA' 



A.S.T.M. Designation: D 351 - 46 

Adopted, 1938; Revised, 1946A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 351; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover tests for the 
grading of all natural block mica and 
mica splittings for general use according 
to size, classification of visual and elec- 
trical quality, and thickness. 

Grading 

Grading According to Size 

2. (a) Natural block mica 

and mica splittings shall be graded 
according to the area of the usable 
rectangle which can be cut from the 
specimen and the muiimum dimension 
of one side. The mica in the usable 
rectangle shall meet the quality require- 
ments specified by the purchaser. 

(^) A.S.TM. Chart , — The standard 
A.S.T.M. chart shown in Fig. 1 (Plate 
I) shall be used for grading natural 
block mica and mica splittings accord- 
ing to size. 

(^;) Method of Grading for Size . — The 
specimen to be graded shall be laid upon 

1 Under the standardization |)rocedure of the Society, 
these methods are under the jurisdiction of the A,S.T.M. 
Committee B-9 on Electrical Insulating Materials. 

5 Prior to adoption as standard, these methods were 
published as tentative from 1932 to 1938, being revised in 
1933, 1935, 1936, and 1938. 

The procedure for power factor and dielectric con- 
stant was issued as tentative in 1939, revised in 1942, and 
adopted in 1946 with revisions. 


the chart so that it covers point 0 and 
has its maximum and minimum dimen- 
sions extending along and covering the 
lines OA and OB^ respectively- The 
specimen should be shifted until its 
usable area completely covers the largest 
rectangle determined by a diagonal 
extending from point 0 to or beyond a 
point on any of the curves, Nos. 6, 5|, 
5, 4, 3, 2, 1, or A-1 (Special). The 
number of the curve at greatest distance 
from 0 cut hy the diagonal of the rec- 
tangle designates the grade of the spec- 
imen. 


Note. — The A.S.T.M. chart complies closely 
with the following so-called India grading scale, 
in general use for many years: 


Grade 

Area of 
Rectangle, 
sq. in- 

Minimum 
Dimen- 
sion of 
One Side, 
in. 



a 

OEE Special... 

80 to 100 

a 

EE Special 

60 to 80 

a 

Extra Special 

48 to 60 

' ® 

A-1 (Special) 

36 to 48 

■ 4 

l.„... 

24 to 36 

3 

2 

15 to 24 

2 

3.. 

10 to 15 

2 

4 

6 to 10 

m 

1 

5...,. 

3 to 6 

534. 

234 to 3^ 

1 to 234 

1 

6_,. 

% 




® While grades OOEE Special, GEE Special, EE Spe- 
cial, and Extra Special are available commercially, there 
is not sufficient information available at present to estab- 
lish minimum dimensions. 

^ 1943 India Mica Mission permits 1% to 3 sq. in. 
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Plate I 

1946 BOOK OF A.S.T.IVI , STANDARDS. PABT i I 

STANDARD methods OF TESTiNa, 
GRADING AMD Classifying natural mica 
A.S.T.M. DESIGNATION: D 361 



* 1943 India Mica Mission permits 2i to 3 sq. in. 

Fig. 1 — A.S.T.M. Chart for Grading Natural Block Mica and Mica Splittings According to Size. 

Note .—While grades OOEE Special, OEE Special, EE Special, and^ Extra ^Special are available commercially, 
there is not sufficient inf ormation available at present to establish minimum dimensions. 



Copyright, 1947 

Americah Society p or Testing Matesiaes 
1916 Race St., PsirADELPHiA 3, Pa. 


Inches 
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3. (a) ('lassifK'ation of visual 

quality c4' block nuca and mica split- 
tings shall 1){^ judged in terms of the 
rcqiiinmwnUs s[>eeiried in 'Fables I, 
IIj and Ilf. 


TABIJ<: L- CLASS tMCAiaoN Ob' QUALITY 
OF MICA. 


: . , DescriptioB 

Free of all mineral and vege- 
table inclusions, stains, air 
; Clear. inclusions, waves or buck- 
! les. liard transparent 

I sheets. 

Clear and Free of all niirteral and vege- 

Slightly table ijK'lusions, cracks, 

Stained ’ waves, and buckles, but 

may contain alight stains 
and air inclusions. 

Free of mineral and vegetable 
inclusions and cracks. 
Fair Stained.. .. 1 llard.^ Contains slight air 

inclusions and is slightly 
wavy. 

Free of mineral inclusions and 
; cracks but contains air in- 

Good StairuaL.,’ elusions, some vegetable 

i iuclusions and may be 

somewhat wavy. 

I lo'cc of mineral inclusions and 
cracks Init may contain 
Stained - j considerable clay and vege- 

table St aims and may be 
^ more wavy and softer than 

the iKUier ciualities. 

Free of mineral inclusions but 
contains more clay and 
Heavy Stained . J vegetable stains than that 

of Stained Quality, and 
<listinctly inferior as regards 
to rigidity and toughness. 

! Black Stained Apt to contain some mineral 
and inclusions consisting of 

Spotted.. « magnetite (black), specu- 

larite (red), and hydrous 
iron oxide (yellow). 


ib) 11k‘ rlaHsifioiition of power factor 
and dielectric' constant of l)lock mica 


and mica splittings shall be determined 
by the test methods specified in Sections 

5 to 10. 

Thickness 

4. (a) Measurements of the thickness 
of mica shall be determined with a 
machinist’s micrometer (Note 1) as spec- 
ified in the Standard Methods of Test for 
Thickness of Solid Electrical Insulation 
(A.S.T.M. Designation: D 374) *of 
the American Society for Testing 
Materials,® In determining thickness 
of mica which must be kept within small 
permissible variations or where two or 
more specimens are to be measured at 
once, Method A shall be used. Where 
the maximum accuracy is not required, 
Method B may be used. 

Note 1 . — For commercial purposes, it shall foe 
permissible to measure the thickness of mica films 
or splittings with a high quality spring-loaded 
dial-gage micrometer. However, in cases of dis- 
pute Method A as prescribed in Paragraph (a) 
shall be used. 

(5) Because of the abrasive nature of 
mica, the micrometer shall be tested 
frequently for conformity to the require- 
ments specified in the Standard Meth- 
ods D 374. The anvil and spindle shall 
be cleaned as frequently as necessary to 
prevent the accumulation of mica dust 
on their surfaces (Note 2) and to preserve 
the accuracy of the measurements. To 
clean, the micrometer shall be closed 
lightly on a clean sheet of bond paper 
and the paper moved between the 
surfaces. 

Note 2.-— Care must be exercised in moving 
from one measurement location to another to 
maintain the surfaces of the anvil and spindle 
parallel to the surfaces of the specimen at all 
times so as to avoid scratching the mica and 
accumulating mica dust under the micrometer 
surfaces which will cause false readings, 

« Appears in this publication, see Contents in Numeric 
Sequence of A. S.T.M. Designations at front of book. 
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Power Factor and Dielectric 
Constant 

Scope , . , 

■ 5. This method of test covers the pro- 
cedure for determining the power factor 


trodes under pressure or vertical mercury 
electrodes, conforming to the , require- 
ments of Paragraphs (b) or (c) , is optional 
for either block mica or mica films. 
Greater precautions will be necessary 
in the use of either method in testing 


, TABLE II.-^QUALITY GLASSIFICATION OF NATURAL BLOCKMICA 0.007 TO 0,030 IN. IN TIIK'KNKSS 

BASED ON VISUAL JUDGMENT. 

Note 1.— The visual properties of block mica usually are judged under the following light conditions; 

For stains and weteowi-- Transmitted daylight or ecjuivalent. 

For air mdusions~-'kf&tcteA daylight or equivalent. 

For WWW, ndgejr, eic.-— Reflected daylight through a window frame where distortion of parallel 

and vertical lines of reflected image can be judged. 

Note 2.— The mechanical properties of block mica usually are judged as follows: 

irord!«w5"~As judged by sharp clear ring when mica is dropped on a hard surface. 

Rtgfijiy— Relative stiffness judged by flexing with fingers. . . 

Note 3.— Heavy; stained and black stained and spotted qualities are obtainable in hard and soft varieties and with 
or without conducting veins and spots. _ 

Note 4.-“Natural mica occurs in various colors which are more pronounced the thicker the block. Some typical 
colors are ruby, white, light green, green, rum, etc. 

Note S.— Quality of films less than 0.007 in. in thickness shall be visual equivalent of corresponding block. 
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TABLE III.— VISUAL QUALITY OF MICA 
FILMS 0.0008 TO 0.004 IN. IN THICKNESS. 


Commercial 

Quality 

Designation 

Visual Block Quality 
per A,S.T.M. Methods 
D 351 

Requirements per 
Table n of A.S. 
T.M. Specifications 
D748 

Air In- 
clusions 

Flatness 

A.'..'......'. 

Fair stained (min.) 
Good stained (min.) 

A 

A 

B... .... ... 

B 

A 

C 

Stained 

C 

B 




and dielectric constant of natural block 
mica 0.007 to 0,030 in. in thickness and 
mica films or capacitor splits 0.0008 to 
0.004 in. in thickness. ^ 

Apparatus 

6. {a) The use of either flat steel elec- 


mica films thinner than 0.002 in, due to 
greater sensitivity to contamination and 
humidity effects. 

(b) Sieel Electrodes , — Three electrodes 
made of stainless steel or nickel-plated 
tool steel will be required. The elec- 
trodes shall be cylindrical in shape and 
of a diameter sufficient to provide the 
minimum specified capacitance (Note 1). 
The upper and lower electrodes shall 
have a minimum, axial length of | in,, 
and the center electrode , shall have a 
maximum length of | in. A, low resist- 
ance contact and conductor to the elec- 
trode is /essential for power factor 
measurements iiT the . order ; of 0.0001. 
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Tiie upper and lowers electrodes shall be 
electrically connected together, thus 
forming ; a two terininai capacitor, the 
center electrode serving as the active or 
measuring terminal. The surfaces of the, 
electrodes,, adjacent to the specimen, 
shall be ground and polished optically 
fiat, .also parallel to each other. The 
upper electrode shall be, provided with a 
recess for a steel ball, so that the applied 
pressure will be imiforniiy distributed. 
The electrodes shall be carefully and 
accurately aligned without scratching 
the surface of the mica. It is recom- 
mended that a slotted V-shaped jig be 
used as an aid in aligning the electrodes. 

Hotk 1 . — Steel electrodes having diameters 
of f, 1, I’i', and l‘| in. have been found satis- 
factory for practical thicknesses of mica speci- 
mens. 

{c) Mercury Ekcirodesr-Thxee hollow 
stainless steel or nickel-plated cold- 
rolled steel electrodes filled with clean 
mercury, mounted with the axis hori- 
7 /)ntal so that the test specimens are in 
a vertical plane, will be required as 
shown in Fig. 2. The electrodes shall 
be cylindrical in shape and of the same 
outside diameter, which shall be large 
enough to ])rovide the minimum specified 
capacitance (Note 2). Two adjustable 
electrodes each having an axial length 
of approximately 'i in., provided with 
suitable cavities, siiall be mounted on 
screws in a solid stainless steel or nickel- 
plated cold-rolled steel rectangular yoke. 
A center or fixed electrode consisting of 
a hollow ring app.roximately f in. in 
length shall be mounted at .the center 
of tlie steel yoke on a support of insulat- 
ing material such as polystyrene, hard 
rubber, low-loss ceramic, or quarts. All 
electrodes shall taper from the inside to 
rather sharp edges approximately in.^ 
in width. Two test specimens shall be 
clamped on either side of the, .center 
electrode, the thin electrode edges ..form- 


ing mercury-tight seals. Then the two 
outer electrodes shall be filled with clean 
mercury introduced through a rubber 
tube attached to |-in. steel tubes located 
at the bottom of each electrode. Small 
vent holes shall be provided in the top 
of the outer electrodes to permit the 
escape of entrapped air as the mercury 
rises. The center electrode shall be filled 
through a f-in. steel tube projecting 
approximately | in. above the top of the 
electrode and extending three fourths of 
the way down inside the steel ring. 

Filling funnel ming Hole For 

for Outer Center Beefrode 

aecrroaes / 


Test Specimen 




insuhfing 

Support 


Fig. 2, — Mercury Electrode Test Assembly. 

Vent holes on either side of the project- 
ing steel tube, to permit the escape of 
entrapped air as the mercury rises, 
shall be provided. With the test speci- 
mens clamped in position, the electrodes 
shall be in good alignment. As in the 
case of the flat steel electrodes a two 
terminal capacitor is formed, the center 
electrode serving as the active or measur- 
ing terminal with the outer electrodes 
connected together by the steel yoke at 
ground. 

Note 2. — Mercury electrodes having diam- 
eters of li in. have been found satisfactory for 
mica specimens 2 by 2 In. by 0.001 to 0.030 in. 

(d) Lead-Foil Electrodes,— The .use of. 
lead-foil electrode 0.0005 in. in thickness 
and 2.0 in^ in diameter is satisfactory 
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for block mica 0,015 to ' 0*030 in. -in 
thickness.: ■ 

(e) Rapid ^ Direci-Reading Mel^hod — 
Where , classification of relative order of 
magnitude , of power factor or its recip- 
rocal (2 value of block mica or films is 
desired, the rapid, direct-reading method 
specified in the Tentative Specifications 
for Natural Block Mica and Mica Films 
Suitable for Use in Fixed Mica-Dielectric 
Capacitors (A.S.T.M. Designation: D 
748)^ is satisfactory. 

Test Specimens 

7. (a) Two similar test specimens of 
approximately equal and uniform thick- 
ness shall be used for each measure- 
ment when using steel electrodes or 
mercury electrodes (Section 6 (b) or 
(c)). Only one test specimen shall be 
tested at a time with lead-foil electrodes 
(Section 6 (d)). When the rapid, direct- 
reading method is used, test specimens, 
shall conform to the requirements speci- 
fied in A.S.T.M. Specifications D 74S- 
The two specimens shall be obtained 
preferably from the same block or 
splitting and shall have a sufficient area 
and thickness to give a total capacitance 
of not less than 200 fjLfxL A sufficient 
number of selected specimens shall be 
tested in order to give representative 
data. 

(b) The thickness of the natural mica 
shall be determined in accordance with 
Method A of the A.S.T.M. Methods D 
.,374,: 

Preparation and Conditioning of Speci- 
mens 

8, (a) The dielectric properties of mica 
are affected by temperature, humidity, 
pressure, etc. Therefore the prepara- 
tion and conditioning of the specimen 
shall be made in the following manner: 

(b) The surfaces of the specimen, with 
the exception of the specimens used in 
Section 6 (e), shall be thoroughly and 
carefully cleaned with a camel-hair 


brush dipped in petrolic ether or vapor 
degreased using .triclilorethelene. Sub- 
sequent to this cleaning, : .care shall .be 
exercised not to contaminate the sur- 
faces in handling. 

(c) After .cleaning, the specimen' shall 
be placed in an air oven, .maintained at 
105 to 110 C.j.for a period of 1 hr. and 
upon removal from the oven shall be 
placed immediately in a desiccator and 
kept there until ready for test. 

Procedure 

9. (a) When steel electrodes, mercury 
electrodes, or lead-foil electrodes (Sec- 
tion 6 (b)^ (c) or (d)) are used, the 
power factor and dielectric constant of 
the mica shall be determined in accord- 
ance with the Tentative Methods of 
Test for Power Factor and Dielectric 
Constant of Electrical Insulating Mate- 
rials (A.S.T.M, Designation: 1) ISO),'* 
except for size and tyjie of electrode. 
When the rapid, direct-reading method 
(Section 6 (e)) is used, the power factor 
or Q value shall be determined in accord- 
ance with the procedure described in 
A.S.T.M. Specifications I) 748. 

(5) Certain types of micas are affected 
by pressure; therefore, when the flat 
steel electrodes specified in Section 
6 (b) are used, a sufficient range of pres- 
sures (Note 1) shall be applied so that a 
curve of pressure in pounds per square 
inch versus power factor and dielectric 
constant may be obtained. 

Note 1.— Pressures in the order of 100 to 
10,000 psi. may readily be obtained by the use 
of an automobile type hydraulic jack equipped 
with a pressure gage. 

(c) Mercury electrodes .specified .in 
.'Section 6^ (c) and, lead-foil , electrodes 
specified in Section 6 (d) 'give capacitance 
values comparable with those obtained 
at.. the. highest pressures when using the 
.flat steel 'electrodes (Note ■ 2),. The.' 
mercury used shall be clean and its 
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surface shall be bright and free of scum. 
Health hazard .'precautions should be 
observed when using mercury, particu- 
larly at elevated temperatures. 

Note 2.* — In .order to compare satisfactorily 
the, power factor and dielectric ' constant of 
various specimens of mica, it may be necessary 
to investigate such properties over a wide fre- 
quency range.. However, it is recommended 
tliat.at, least one measurement be made at, 1000 
kilocycles and a temperature of 25 ± 5 C. If 
the flat steel electrodes are used, the pressure for 
this measurement shall be 1000 psi. 

Calculations 

10. Since two specimens are used in 
each measurement when using steel 
electrodes or mercury electrodes, the 
eqii ivalen t ‘ ^parallel thickness’ ’ shall 
be used in calculating the dielectric 
constant. This is obtained as follows: 



h 


where: 

Te equivalent parallel thickness, 
ti ~ thickness of upper specimen, 
and 

t% « thickness of lower specimen. 


Report 

11. The report shall include the follow- 
ing: 

(a) Description of mica. 

{h) Test conditions: 

(i) Frequency in kilocycles, 

{2) Temperature in degrees Centi- 
grade, 

(J) Pressure in pounds per square 
inch when flat steel electrodes are used, 
{4) Voltage stress in volts per mil, 
(5) Relative humidity in per cent, 
and 

{6) Type of electrodes and diam- 
eter in inches. 

(c) Specimen data: 

(1) Capacitance in micro-micro- 
farads, 

(2) Equivalent parallel thickness, 
and 

(3) The power factor and dielectric 
constant for each value of pressure. 

(d) Method of measurement. 




Standard Methods of 

TESTING PASTED MICA USED IN ELECTRICAL 
INSULATION^ 



A.S.T.M, Designation: D 352 -39 
Adopted, 1936; Revised, 1939? 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation B 352; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L These methods are intended to 
apply to the testing of mica sheets built 
up from mica splittings, bonded with an 
organic binder, to be used for hot mold- 
ing, commutator insulation, heating 
plates, and other similar insulating 
purposes. 

Decrease in Thickness Under 
Pressure 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Clamf , — A clamp for holding the 
test specimen of mica as illustrated in 

Fig. 1. 

{h) Oven . — An oven to obtain a tern- 
perature of 160 d= 5 C. (320 ± 9 F.). 

(c) Hydraulic Press . — hydraulic 
press to obtain a pressure of 2000 psi. on 
the mica. 

{d) Gage.— A micrometer gage to meas- 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S,T.M, 
Committee D-P on Electrical insulating Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1932 to 1936. 


ure the thickness of the specimen to the 
nearest 0.001 in. 

(e) Tkermoccmple--A thermocouple 
or other tem,perature measuring device. 

Test Specimen 

3. The test specimen shall consist of 
sufficient pieces, 3 by 2 in. in size, to form 
a stack approximately 1 in. in thickness. 

Procedure 

4. (a) The specimen shall be placed 
in the clamp, Fig, 1, which is held to- 
gether by means of bolts through the 
end holes, , The clamp with specimen 
while cold shall be placed in the hy- 
draulic press and a pressure of 100 psi. 
applied to the surface of the specimen. 
The thickness of the stack at the four 
corners shall be carefully determined by 
means of a micrometer gage, the average 
of these readings being taken as repre- 
senting the thickness of the specimen. 

(i>) The bolts of the clamp shall then 
be tightened while the specimen is under 
pressure so ■ as ' to,, maintain the: approxi- 
mate pressure applied 'by the hydraulic 
press as described in Paragraph (a), 
ISO 
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The specimen with clamp attached shall 
be placed in the oven at a temperature 
of 160 ± 5 C\ (320 ± 9 F.) and allowed 
to remain for 5 min, after reaching the 
oven temperature. A thermocouple 
placed in the specimen is suggested for 
accurately measuring the temperature. 
, (c) , The specimen with clamp attached 
shall then be transferred as quickly as 
possible to the hydraulic press and a 
pressure of 2000 psi. on the surface of the 



Fig. 1. — Clamp for Holding Test Specimen. 


specimen shall be applied immediately 
and maintained until the temperature 
of the specimen reaches the temperature 
at’ which the original thickness was de- 
termined. The thickness of the stack 
shall then be determined as described in 
Paragraph (a). ' 

Report':,/, 

, S. ,The. report shall include the follow- 
ing:" 

(a) , The thickness of the specimen 
before and after applying pressure, and 
(5) The percentage reduction in thick- 
ness, based on the original thickness. 


Stability Under Heat and Pressure 

Purpose 

6. The purpose of this test is to de- 
termine any tendency which ■ the layers 
of mica may have to slip on each other, 
and whether the binder will be squeezed 
out when the sheet is subjected to heat 
and pressure... 

Apparatus 

7. The apparatus shall consist of the 
following: 

(a) Sheet Steel — Eleven pieces of 
smooth sheet steel, 3 by 2 by ^ m., 

(b) Clamp, — A clamp for holding the 
mica as illustrated in Fig. 1. 

{c) Oven—Kn oven to' obtain a tem- 
perature of 160 5 C. (320 zt 9 

(d) Hydraidic Press, — A hydraulic 
press to obtain a pressure of 4400 psi. on 
the mica. 

(e) Thermocouple— A tliermocouple 
or other temperature measuring device. 

Test Specimen 

8. The test specimen shall consist of 
ten pieces of mica, 3 by 2 in. by the 
thickness of mica. 

Procedure 

9. (a) Alternate layers of mica and 
pieces of sheet steel shall be stacked, and 
each stack shall have a steel sheet on the 
top and bottom. 

(5) The specimen shall be placed in 
the clamp, Fig. 1, which is held together 
by means of bolts through the end holes. 
The clamp with specimen while cold 
shall be placed in the h 3 ^draulic press and 
a pressure of 100 psi. applied to the 
surface of the specimen. The bolts of 
the clamp shall then be tightened while 
the specimen is under pressure. 

(c) The specimen with clamp at- 
tached shall be placed in the oven at a 
temperature of 160 zb 5 C. (320 zh 9 

aaEditOrially revised in November, 1945; temperatures 
were formerly incorrectly specified as 230 C. (446 F.). 
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and allowed to remain 5 min. after reach- 
ing- the oven temperature. A thermo- 
couple is suggested for accurately meas- 
uring the temperature of the specimen. 

(d) The specimen with clamp attached 
shall then be transferred as quickly as 
possible to the hydraulic press and 
a minimum pressure of 4400 psi. on the 
surface of the specimen shall be applied 
immediately and maintained for 30 min. 

(e) The mica in the stack shall be 
observed when the specimen is taken 
from the oven, when the hydraulic pres- 
sure is first applied, and during the 
period in the hydraulic press, especially 
during the first S or 10-min. period. 



Fig, 2.— Pattern for Location of Test Pieces.* 
Minimum size of sheet: 4 *» 36 in..; B » 18 in. 

Report 

10. The report shall include the 
following: 

(a) Whether the mica laminations slip 
or become displaced, and 

(b) Whether any binder exudes. 

. Mica or Binder. Content 
Purpose 

11. The purpose of this test is to 
ascertain the relative percentages of mica 
and bonding materials. 

Apparatus 

12. The apparatus shall consist of the 
following: 

(а) —Bunsen burner. 

(б) Diskes—^lditmum or porcelain 
dishes. 

3 Editorially revised in February, 1947. 


Test Specimen^ 

13. (a) Specifnens From Sheets,— A 
■composite specimen from a., sheet shall be 
com.posed of a, number of individual 
pieces cut from the sheet in accordance, 
with Fig. 2 and shall be of sufiicient size 
to give a total weight of 5 to 10 g. 

(b) Specimens From Fabricated, Farts, 
—A representative test specimen weigh- 
ing 5 to 10 g. shall be selected from 
the lot. 

Procedure 

14. (a) Each specimen shall be 
weighed to the nearest 0.0001 g. in a 
tared dish, 

(b) The dish with the specimen shall 
be placed over a bunsen burner and 
heated at a low red heat (to avoid the 
dehydration of mica) until all the organic 
material and carbon are burned off. 
The contents shall then be carefully 
agitated by moving the dish to obtain 
complete combustion. After cooling in 
a desiccator, the weight of the residue 
shall be determined. 

Report 

15. The report shall include the 
percentage loss in weight of the specimen 
indicated as binder and the percentage 
of residue in the crucible indicated as 
mica. 

Molding Test 

Purpose 

16. The purpose of the molding test 
is to measure the ability of the sheet to 
hold its shape when molded. 

Apparatus 

17. (a) For specimens having a thick- 
ness- of ^ in. and less, a mandrel having 
a diameter of 1| in. shall, be used. , . 

(b) For specimens. over iV iu. .up. to 
and including in. in thickness a man- 
drel having,,,, a- diameter of 2 in. ,sbaE be 
used. 
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Test Specimen , 

18* The test specimen shall be 2 in. in 
width and of sufficient length to form a 
butt joint on the mandrel specified in 
Section 17 (a) or (&). 

Procedure , 

19. (e) The test specimen shall be 
heated on a hot plate or a steam table 
at a specified temperature between the 
range of 90 and 125 C. (194 and 257 F.) 
and then formed around a mandrel as 
specified in Section 17 (a) or (6). The 
specimen shall then be rolled on a cold 
surface plate until it is cooled and the 
mandrel then removed. 

Report 

20. The report shall include the 
following: 

(a) Original thickness of the test 
specimen in thousandths of an inch, 

(b) Whether the mica sheet flakes and 
buckles, and 

(c) Whether the specimen retains its 
molded form. 

Dielecxeic Strength 
Dieiectric Strength 

21. Except as specified below in Sec- 
tion 22, the dielectric strength shall be 
determined in accordance with the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Mate- 
rials at Commercial Power Frequencies 
(A.S.T.M. Designation: D 149) of the 
American Society for Testing Materials.^ 

^ Appears ia this publication, see Contents in Nxuaeric 
Sequence of A.S.T.M. Designations at front of book. 


Procedure 

22. (a) Tests shall be made by either 
the short-time method or the step-by- 
step method. 

(b) In tests made by the short-time 
method, voltage shall be increased at the 
rate of 0.5 kv. per sec. 

(c) In tests made by the step-by-step 
method, each step shall be of 1-min. 
duration. An initial voltage in the 
short-time test, shall be adjusted as 
shown in the following table: 


Breakdown 

Adjust 50 per 
cent of 

Increment of 

Voltage by Short- 

Breakdown 

Increase of 

Time Method 

Voltage to 

Test Voltage 

25 kv, or less .... 

the Nearest 
1.0 kv. 

1.0 kv. 

Over 25 to 50 kv., 

incl 

2.0 kv. 

2.0 kv. 

Over 50 to 100 kv., 

incl 

5.0 kv. 

5.0 kv. 

Over 100 kv. .... 

10.0 kv. 

10.0 kv. 


The voltage shall then be increased in 
equal increments as stated in the above 
table. The change from each step to 
the next higher shall be made as rapidly 
as possible, and the time to change in- 
cluded in the succeeding test interval 


Resistivity 

Resistivity 

23. The resistivity shall be determined 
in accordance with the Standard Meth- 
ods of Test for Insulation Resistance 
of Electrical Insulating Materials 
(A.S.T.M. Designation: D 257) of the 
American Society of Testing Materials.^ 



Standard Methods of 

MEASURING MICA STAMPINGS USED IN ELECTRONIC 
DEVICES AND INCANDESCENT LAMPS* 



A.S.T.M. Designatioii: B 652 - 43 
Adopted, 1943.® 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 652; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proced- 
ures for measuring the hole spacing, 
thickness, and hole size of small pieces 
of fabricated natural mica such as 
bridges, spacers, and supports used in 
electronic devices and incandescent 
lamps. 

Hole Spacing 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Microscope. — A toolmaker^s mi- 
croscope, comparator, or any other 
traveling stage microscope conforming to 
the following requirements: 

(1) Magnification of approximately 
40X, 

(2) Ocular equipped with crosslines, 
and 

(J) Stage equipped with one or more 
micrometers for movement in a 
horizontal plane. The microm- 
eters shall be graduated to 0.0001 
in. for direct reading. 

1 Under the standardixsatiou procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Prior to adoption as standard, thesemethods werepub- 
ished as tentative from 1941 to 1943. 


. Note. — It is preferable for fast checking , to 
use a microscope having a stage equipped with 
two micrometers which travel at right angles 
to each other. 

(&) Illumination . — • light source, 
which shall be reflected upward through 
the bottom of the microscope through 
the slide stage and into the field of vision. 

Test Specimens 

3. At least two test specimens shall be 
selected from each package of 5000 
stampings or fraction thereof. If two 
or more dies have been used in fabricat- 
ing stampings from the same type of 
mica, each group of stampings shall be 
kept separate and labeled so that 
separate measurements may be made on 
specimens from each group. 

Procedure 

4. {a) If the measuring device is 
equipped with two micrometers, the 
mica stamping to be measured shall be 
placed on the traveling slide stage and 
the microscope focussed on the specimen. 
The specimen shall : be carefully lined 
up with the crosslines of the microscope 
in accordance .with' Its. horizontal axis. 
It will usually be found convenient to 
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select two, holes, on the same axis which 
are , on the extreme side of. the specimen 
and center these holes with the horizontal 
crossline of the eyepiece,. By means of, 
the cross , slide, movement, one side of 
,the image ■ of the object to be measured 
shall be brought into coincidence with 
the crossline of the eyepiece and a read- 
ing of the micrometer screw taken. The 
stage with the specimen shall then be 
moved by means of the micrometer screw 
until the crossline is in coincidence with 
the next point of measurement (Note 1 ) 
and a reading again taken of the microm- 
eter screw. The difference between the 
first and second readings gives the actual 
linear distance between the two points. 
The procedure shall be repeated between 
all points which are to be measured that 
can be covered by the movement of the 
one micrometer screw (Note 2). 

(5) If the measuring device is 
equipped with only one micrometer, the 
specimen may be measured as described 
in Paragraph (a) in one direction and 
then rotated 90 deg. and measured in a 
second direction (Note 1). 

Note 1,— Spacings on mica stampings for 
electronic devices are usually specified from the 
center of one hole to the center of another. The 
center of a hole shall be determined as the point 
midway between the maximum diameter which 
can be measured across the hole in the direction 
of measurement. In determining the maximum 
diameter of a hole which shows ragged puncliing 
or burrs, the point of definite puncliing demarca- 
tion should be used as the boundary and the 
burr* discounted. 

Note 2. — The toolmaker’s microscope or 
comparator has a maximum stage movement of 
1.000 in. Distances greater than 1.000 in. shall 
be. determined , in , two or -more separate 
measurements.'. 

(c) Number of Measurements . — If any 
one of the hole spacings of one of the 
specimens from a package of 5000 stamp- 
ings or fraction thereof, selected in ac- 
cordance with Section 3, does not agree 
within 0.0005 in. with the corresponding 
hole spacing of the second specimen 


selected from the same package, two 
additional specimens shall be selected 
■.and measurements made nn these new 
specimens. If all the corresponding hole 
spacings on three of the specimens agree 
within 0.0005 in., it may be assumed 
that the fourth specimen is erratic. 

Thickness 

Apparatus 

5. The thickness of mica stampings 
shall be measured with a machinist’s or 
barrel micrometer as described in 
method A of the Standard Methods of 
Test for Thickness of Solid Electrical 
Insulation (A.S.T.M. Designation: 
D 374) of the American Society for 
Testing Materials.® For production 
checking, where maximum accuracy is 
not required, it is satisfactory to use a 
standard type dial gage. 

Procedure 

6. Thickness measurements shall not 
be made over a hole or at any other 
portion of the mica stamping which may 
have a burr or ragged edge caused by 
fabrication. If the specimen is so small 
that it does not have an unfabricated 
area large enough to accomodate the use 
of a standard micrometer anvil and 
spindle 0.250 ± 0.001 in. in diameter, a 
special micrometer with the anvil and 
spindle face small enough to make a 
measurement on an unfabricated area 
shall be used. The size of the anvil and 
spindle of the special micrometer shall 
be agreed upon by the manufacturer and 
the purchaser. If a small anvil and 
spindle micrometer is used, it shall con- 
form to the requirements prescribed for 
the micrometer in Methods D 374, ex- 
cept for the anvil and spindle size. 

'Hole Size! ' 

Apparatus 

7. A tapered pin gage (Fig. 1) con- 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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fommg to the following requirements 
shall be used 

; (i) Depth dial gage with, a 14n. travel, 
graduated to read directly to 0.001 im, 
with a second hand showing each revolu- 
tion of 0.100 in. 

(2) The dial gage shall be a low- 
iriction type mounted with a spindle 




0.0001 in. The pin shall have a total 
measuring length of 1.000 in., thus the 
total range of any one pin will be 0.020 

in. 

' (4) The lower anvil shall consist of a 
bushing ,0.250 =b 0.002 in. „in . outside 
diameter with a hole ,0.130 0.002, in. 

in diameter. 


Tapered Pin Dimensions 


Tapered 
Pin No, 

"A" 

Diam., in. 

Diam., in. 

/ 

0.020 

0.040 

// 

0.040 

0.060 

Hi 

0,060 

0.080 

/V 

0.080 

am 

V 

a 100 

0J20 



Fig. 1. — Tapered Pin Gage for Measuring the Hole Size of Mica Stampings^ 


lifting mechanism of such nature that 
the pressure exerted on the specimen 
shall he not less than 1 nor more than 
LS oz. (See Fig. 1). 

(3) The tapered pin shall have a taper 
of 0.020 in. per in. and shall he accurate 
along its entire surface to plus or minus 


* Blueprints of the rletailed drawings of the tapered pin 
age are available at a nominal cost from the American 
ociety for Testing Materials, 1916 Race St., Phil- 
adelphia 3, Pa. 


Test Specimens 

8. Since the hole size of any given 
mica stamping will vary in accordance 
with its thickness, the specimens selected 
shall have a uniform, thickness within 
plus or minus 0.001 in. of the specified 
mean .thickness.. 

Procedure 

9. (a) The hole size to be measured 
shall be predetermined so that the ta- 
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pered pin selected will be of the proper 
range in diameter. , The specimen shall 
be placed on the anvil of the gage and 
the pin: lowered until it contacts the 
specimen at a point just outside of the 
hole to be measured. The dial reading 
shall then be set at zero, in order to com- 
pensate for the, thickness of the mica. 
.The . specimen shall then be moved into 
position on the anvil so that the tapered 
pin will enter the hole to be measured. 

TABLE I.-^-HOLE SIZE CONVERSION VALUES. 


Hole Size, in. 


Dial 

Reading® 

Pin 

Diam- 

eter, 

0.020 

to 

0,040 

in. 

Pin 

Diam- 

eter, 

0,040 

to 

0.060 

in. 

Pin 

Diam- 

eter, 

0.060 

to 

0.080 

in. 

Pin 

Diam- 

eter, 

0.080 

to 

0.100 

in. 

Pin 

Diam- 

eter, 

0.100 

to 

0.120 

in. 

0.050 

0.021 

0.041 

0.061 

0,081 

0.101 

OJOO 

0.022 

0.042 

0.062 

0,082 

0.102 

0.150 

0.023 

0.043 

0.063 

0.083 

0.103 

0.200 

0.024 

0.044 

0.064 

0.084 

0.104 

0.250 

0.025 

0.045 

0.065 

0.085 

0.105 

OJOO........ 

0,026 

0.046 

0.066 

0.086 

0.106 

0.3S0 

0.027 

0.047 

0.067 

0.087 

0.107 

0.400 

0.028 

0.048 

0.068 

0.088 

0.108 

0.450. ....... 

0.029 

0.049 

0.069 

0.089 

0.109 

0.500 

0.030 

0.050 

0.070 

0.090 

0.110 

D.S50 

0.0,31 

0.051 

0.071 

0.091 

0.111 

0.600 

0.032 

0.052 

0.072 

0.092 

0.112 

0.650 

0.033 

0.0.53 

0.073 

0.093 

0.113 

0.700 

0.034 

0.054 

0.074 

0.094 

0.114 

0.750........ 

0.035 

0.055 

0.075 

0.095 

O.llS 

0.800. 

0.036 

0.056 ' 

0.076 

0.096 

0.116 

0.850 

0.037 

0,057 

0.077 

0.097 

0.117 

0.900 i 

0.038 

0,058 

0.078 

0.098 

0.118 

0.950 

0.039 

0.059 

0.079 

0.099 

0.119 

1.000 

0,040 

0.060 

0.080 

0.100 

0.120 


® An 0.005 increment on dial is equivalent to 0.0001 in. 
on the pin diameter, and an 0.050 increment on dial is 
equivalent to 0.001 in. on the pin diameter. 


(6) The pin shall slowly be lowered 
until it enters the hole and then allowed 
to penetrate under its own weight until 
the lifting mechanism indicates that it 
has reached its maximum distance of 
penetration. The dial reading shall be 
taken and converted to actual hole size 
by the conversion values shown in 
Table ,1. 

(c) Slots or elongated holes, which are 
not true circles shall be measured in the 


same manner as "described in Paragraphs 
(a) and (Z>), except that a correction 
factor of —G.OOl in. from the actual 
reading shall be used, since the pin 
makes contact with the mica at only two 
points along the minor diameter of the 
slot and thus tends to slightly imbed 
itself. 

(d) Extreme care shall be taken while 
making measurements in order to be 
certain that the pressure exerted by the 
spindle only is used in inserting the pin 
into the mica stamping, otherwise the 
tapered pin will be forced into the hole 
further under additional pressure and 
yield very inaccurate measurements 
(Note). 

Note. — ^T he dial gage should be equipped 
with a counter-clockwise dial and should have 
the spring removed so that the spindle is sus- 
pended against the lifting mechanism only by 
its own weight plus that of the tapered pin. 
When the tapered pin engages the hole being 
measured, the lifting mechanism (see Fig. 1) 
will disengage from the spindle assembly. 

(e) Number of Measurements. --The 
average of five measurements taken on 
five separate mica stampings shall be 
considered the actual hole size, the 
latter being calculated in accordance 
with the conversion values shown in 
Table I. 

Report 

Report 

10. The report shall include the fol- 
lowing: 

(1) Average, minimum, and maximum 
hole spacing in inches, 

(2) Average, minimum, and maximum 
thickness in inches, and 

(3) Average, minimum, and maximum 
hole sizes in inches together with the 
tapered pin range size. 
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FOR 

ASBESTOS YARNS^ 



A.S.T.M. Designation: D 299 -42 
Adopted 1942.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 299; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications define asbestos 
yarn, prescribe the methods of testing, 
and stipulate tolerances. 

Definitions 

2. (a) Asbestos Fam.— Asbestos yarn 
is yarn consisting of: (i) asbestos fiber, 
(2) asbestos and other fibers, (3) asbestos 
and other fibers and wire, or (4) asbestos 
and other fibers with an insert of cotton 
or other yarn reinforcement. 

(&) Plain Asbestos Fam.-—Plain as- 
bestos yarn is yarn consisting of: (i) 
asbestos fiber, or {2) asbestos and other 
fibers. 

(c) Metallic Asbestos Yarn , — -Metallic 
asbestos yarn is yarn consisting of plain 
asbestos yarn with an insert of brass, cop- 
per, or other fine wire. It is also termed 
“wire-inserted yarn.’’ 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-13 on Textile Materials. 

s Prior to their present adoption as standard, these 
specifications were published as tentative from 1928 to 
1929 . They were adopted in 1929, published as standard 
from 1929 to 1941, being revised in 1933. 1936, and 1937^ but 
withdrawn and replaced in 1941 by Tentative Specifica- 
tions D 299 - 40 T which was published as tentative from 
1940 to 1942. 


(d) Reinforced Asbestos Yarn- Rein- 

forced asbestos yarn is plain yarn 
with an insert of yarn made of other 
fibers. 

{e) Standard Condition —StmdsLvd 
condition of asbestos yarn shall be that 
reached by the yarn when in moisture 
equilibrium with a standard atmosphere 
having a relative humidity of 65 per cent 
at 70 F. (21 C.). A tolerance of plus or 
minus 2 per cent is permitted in relative 
humidity and plus or minus 2 F. (1.1 C.) 
in temperature. 

Note. — For purpose of tests, it is recognized 
that specimens reach moisture equilibrium after 
exposure for at least 4 hr.,, unless otherwise 
specified, under the above conditions. 

(/) Direction of rwM~The, direction 
of twist shall be as defined in the Stand- 
ard Definitions of Terms Relating to 
Textile Materials (A.S.T.M. , Designa- 
tion: D 123) of the American Society; 
for Testing Materials, as follows: ; ' 

Twisty Direction of .—hymn or cord 
has S twist if, when held in a vertical 
position, the spirals conform in direction 
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of slope to the central portion of the 
letter and Z twist if the spirals 
conform in direction of slope to the 
central portion of the letter 


S Twist Z Twist 

(l) Number — A term 

indicating the number of an asbestos 
yarn. The word ‘■‘^cut^’ preceded by a 
number indicates, in multiples of 100 yd., 
the yardage per pound of single-ply 
yarn. For example, ^^S-cut” indicates 
that a pound of single-ply yarn so desig- 
nated measures approximately 500 yd,; 
“10-cut^’ indicates a yarn that measures 
approximately 1000 yd. per lb. 

Qi) Ply .—Ply is the number of strands 
of single asbestos yarn twisted together 
to form a heavier yarn. 

Example.— 10-cut*’ indicates a yarn 
of two strands, each strand being 10»cut, 

Breaking Strength 

3. The average breaking strength of 
asbestos yarn shall be not less than that 
specified. 

; Number^CCiit) 

'4. (a) The standard number of asbes- 
tos yarn is designated as *'cut.” The 
yards per pound of the standard cuts 
shall conform to the following require- 
ments: ■ 


Cut 

Designation 

Nom- 
inai 
' Yards 
per 

Pound 

.. Permissible 
Variations in 
' Average Yards, 
per Pound 

Permissible ■ 
Variations in ^ 
Yards, per 
Found, in ' 
Single , Skein, 

5-cut 

500 

i 450 to 549 

400 to 599 

6-cut 

600 

t 550 to 649 

500 to 699 

7-cut 

700 

650 to 749 

600 to 799 

S-cut 

800 

750 to 849 

700 to 899 

9-cut 

900 

850 to 949 

800 to 999 

10-cut 

1000 

950 to 1049 

900 to 1099 

12-cut 

1200 

1150 to 1249 

1100 to 1299 

14-cut 

1400 

1300 to 1499 i 

1200 to 1599 

16-cut 

1600 

1500 to 1699 

1400 to 1799 

18-cut 

1800 

1700 to 1899 

1600 to 1999 

20-cut 

2000 

1900 to 2099 

1800 to 2199 

22-cut.. 

2200 

2100 to 2299 

2000 to 2399 

24-cut 

2400 

2300 to 2499 

2200 to 2599 

26-cut 

2600 

2500 to 2699 

2400 to 2799 

28-cut 

2800 

2700 to 2899 

2600 to 2999 

30-cut 

3000 

2900 to 3099 

2800 to 3199 

35-cut 

3500 

3300 to 3699 

3100 to 3899 


(6) The cut of reinforced asbestos 
yarn shall be determined without re- 
moving the reinforcing core yarn. 

(c) The nominal yardage per pound 
of plied asbestos yarn shall be deter- 
mined in the following manner: Divide 
the nominal single yarn yardage per 
pound by the number of plies and then 
reduce the yardage so obtained by 10 
per cent to correct for contraction 
caused by twisting. 

{d) The yards per pound of metallic 
asbestos yarn is less than that of plain 
yarn of the same cut in proportion to 
the weight of the inserted wire. 

(e) The yards per pound of sized yarn, 
single or plied, shall be subject to an ad- 
ditional tolerance of minus 2 per cent in 
comparison with the corresponding un- 
treated yarn. 

Size of Wire 

5. The diameter of the wire used in 
metallic asbestos yarn shall not vary 
from the size specified by more than 
plus or minus 0.001 in. 

Twist 

6. The directions and turns per inch 
of twist shall be mutually agreed upon 
by the manufacturer and the purchaser. 
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Grades , . 

7. (<i) The grades of plain, metallic, 
and reinforced asbestos yarn shall be 
determined by the percentage ' of asbes- 
tos content by weight and shall conform 
to the following requirements: 

Grade Asbestos Content 

Commercial Grade 75 to 80 per cent, cxcl. 

Underwriters'^ Grade ...... 80 to 85 per cent, cxcl. 

Grade A. 85 to 90 per cent, excl. 

Grade AA 90 to 95 per cent, excl. 

Grade AAA 95 to 99 per cent, excl. 

Grade AAAA. 99 to 100 per cent, incl. 

( J) The asbestos content of reinforced 
asbestos yarn shall be determined with- 
out removing the reinforcing core yarn. 

(c) The asbestos content of metallic 
asbestos yarn shall be determined after 
the wire has been removed. 

Methods of Testing 
Test Conditions 

8. All test specimens shall be brought 
to a standard condition in accordance 
with Section 2 (e) prior to testing and 
all tests shall be made under the stand- 
ard condition. 

Breaking Strength 

9. (u) Testing Machine,— -The break- 
ing strength shall be determined on a 
tension testing machine conforming to 
the Standard Specifications for Textile 
Testing Machines (A.S.T.M. Designa- 
tion: D 76) of the American Society for 
Testing Materials.^ 

(6) Procedure.— All tests shall be 
made on single strands. Single strands 
shall be broken after conditioning the 
tubes or bobbins for 12 hr. in accord- 
ance with Section 8. A single-strand 
tester of proper capacity with the clamps 
set 10 in. apart and having a speed of 
pulling clamp of 12 ±: | in, per min. 
shall be used; The average of four 
breaks from each of ten tubes or bobbins 
selected at random from each case of 


300. lb. or less shall be' the average 

strength. 

Number (Cut)^ 

10. The cut of plain or reinforced 
asbestos yarn, single or plied, shall be 
calculated by dividing by 100 the yards 
per pound as determined , m accordance 
with Paragraphs (a) to (c). 

(a) In determining the yards per 
pound of single-ply, plain or reinforced 
asbestos yarn there shall be weighed 
from each case of 300 lb. or less three 
15-yd. skeins from each of 5 tubes selected 
at random. The skeins shall be condi- 
tioned for at least 4 hr. in accordance with 
Section 8 and the weight shall then be 
determined to the nearest 0,1 g. The 
yardage shall be calculated as follows: 

Yards per pound « X 225 

wt. of 15 skeins 

(b) To determine the yards per pound 
of a single-ply yarn in plied, plain or 
reinforced asbestos yarn the skeins shall 
be selected and tested in accordance 
with Paragraph (a). The yardage shall 
then be calculated as follows: 

Yards per pound, single ply « 

453.6 ^ 225 X no. of p lies 

wt. of IS skeins 0*99 

Note.— The factor 0.90 in the formula com- 
pensates for an assumed contraction of 10 per 
cent incurred in twisting. 

(c) To determine the yards per pound 
of metallic asbestos yarn, single or plied, 
the weight in grams of the wire or rein- 
forcing strands in a 15-yd, skein shall be 
determined. Twelve times this weight 
shall be subtracted from the weight of 
the. twelve IS-yd, test skeins. The 
yardage shall then, be .determined for 
single-ply yarn in accordance with 
Paragraph, (a) and for plied .yarn in, ac- 
cordance with Paragraph (b). 


3 1946 Book of A.S.T.M. Standards, Part III-A. 


* Editorially revised in April, 1944 
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Twist. 

11. (a) Direction of Twist.-— Tht di- 
rection of twist' shall be determined in 
accordance, with. Section 2 (/). 

(b) Turns in Single Yarn . — The turns 
per inch of twist in single yarn shall be 
determined on any standard single yarn 
twist tester. The first 2 yd. of any 
package of yarn shall be discarded and 
aU possible care shall be exercised in 
handling samples to prevent a change in 
the existing twist. The yarn, drawn 
just taut enough to prevent sagging, 
shall be gripped in the twist counter 
with clamps set 4 in. apart. One clamp 
shall be rotated until the twist is re- 
moved as indicated by the yarn break- 
ing under its own weight or by visual 
examination of the sample. The twist 
of yarn in a shipment shall be the average 
of four tests from each of the ten tubes 
or bobbins used for determining break- 
ing strength. 

(c) Turns in Plied Yarn . — The turns 
per inch of twist in plied yarn shall be 
determined as described in Paragraph 
(b) with the following exceptions: The 
clamps shall be set 10 in. apart and a 
tension equal to the weight of 100 yd. 
of yarn shall be applied. 


Asbestos Content 

12. One test specimen weighing not 
less than 5 g. shall be taken from each 
of the tubes used for determining 
number and dried to constant weight 
in an oven at 105 to 110 C, (220 
to 230 F.), and the weights of the 
dried specimens recorded. The speci- 
mens shall be placed in an electric oven 
and heated for not less than 1 hr. at 
800 to 810 C. (1470 to 1490 F.). After 
removal from the oven they shall be 
cooled in a desiccator to room tempera- 
ture, and then weighed. The weight of 
the residue shall be divided by the factor 
0.86« to determine the original weight 
of the asbestos content. This weight of 
asbestos content shall be divided by the 
weight of the dried specimens to obtain 
the percentage of asbestos. The average 
of the five determinations shall be the 
asbestos content. 

Note. — Specimens that are soiled, or have 
been sized, or otherwise treated, shall be pre- 
pared for testing by removing hydrocarbon 
materials with chloroform, and then boiled for 
5 min. in distilled water. The specimens shall 
then be tested in accordance with the above 
procedure. 

® This factor is based upon a proved average of 14 per 
cent water of crystallization in chrysotile asbestos. 
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A.SXM. Designation: D 375 - 44 
Adopted, 1936; Revised, 1937, 1941, 1942, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 375; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L (a) These specifications and meth- 
ods of test apply to asbestos roving, an 
asbestos textile product to be used as 
insulation on heat-resisting fixture wire, 
flexible cord or heater cord, and similar 
electrical conductors. Two types are 
covered as defined in Section 2 (a) 
and (6). 

(6) Roving, in the asbestos textile in- 
dustry, is an assemblage of carded fibers 
rubbed into a single strand without twist. 

Befinitioiis ' 

2. (a) Asbestos Rovings — ^Asbestos rov- 
ing is composed of a mixture of chryso- 
tile asbestos and cotton or other organic 
fiber. 

(b) Reinforced Asbestos Roving. — Re- 
inforced asbestos roving is composed of 
a core of yarn consisting of organic fiber, 
covered with a mixture of chrysotile 
asbestos and organic fiber. 


1 Under the standardization procedure of the Society, 
these specifications are under the Jurisdiction of the 
A.S.T.M. Committee D-I3 on Textile Materials. 

^ Prior to adoption as standard, these specifications 
were published as tentative from 1933 to 1936, being re- 
vised in 1V34 and 1936. 


(c) Standard Standard 

condition of asbestos roving shall be 
that reached by the roving when in 
moisture equilibrium with a standard 
atmosphere having a relative humidity 
of 65 per cent at 70 F. (21 C.). A toler- 
ance of plus or minus 2 per cent is 
permitted in relative humidity and plus 
or minus 2 F. (1.1 C.) in temperature. 

Note. — F or purpose of tests, it is recognized 
that specimens reach moisture equilibrium after 
exposure for at least 4 hr*, unless otherwise 
specified, under the above conditions. 

{d) Number {Cut) (Asbestos ). — K term 
indicating the number of an asbestos 
roving. The word ^^cuf’ preceded by a 
number indicates, in multiples of 100 yd., 
the yardage per pound of roving. For 
example, ^^5-cut’’ indicates that a pound 
of roving so designated measures ap- 
proximately 500 yd,; *'10-cut^^ indicates 
a roving that measures approximately 
1000 yd. per lb. 

Number (Cut) 

3. ' (4) The standard number of as- 
bestos roving is designated, as .^^cut.^^ 
The yards per pound of the standard 
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cutS' shall conform to the following 
requirements: 


Cut 

Designa- 
tion' : 

Nominal 
y arc] age 
r>cv 
I’ounfl 

Permissible 
Variations in 
Yards per 
Pound, Average 
of 10 Tests 

Permissible 
Variations in 
Yards per 
Pound, Single 
Tests 

5...... .. . 

i soo 

450 to 549 

400 to 599 

.6. . . . 

600 

550 to 649 

500 to 699 

■'7........ 

700 

650 to 749 

600 to 799 

8. . 

800 

750 to 849 

700 to 899 

9...'..../ 

900 

850 to 949 

800 to 999 

10 

1000 

950 to 1049 

900 to 1099 

12......... 

1200 

1150 to 1249 

1100 to 1299 

14.. ....... 

1400 

ls500 to 1499 

1200 to 1599 

16. 

1600 ■ 

1500 to 1699 

1400 to 1799 

18 

1800 

1700 to 1899 

1600 to 1999 


Note.— The tolerances on special numbers 
such as 5|-cut, 6|-cut, etc. shall be equal to 
those of the standard numbers. 


(b) The cut of reinforced asbestos 
roving shall be determined without re- 
moving the reinforcing core yarn. 

Grades 

4. (a) The grade of asbestos roving 
shall be determined by the percentage of 
asbestos by weight, and shall conform to 
the following requirements: 

Grade Asbestos Content 

Commercial Grade. ... 75 to 80 per cent, excl. 

Underwriters* Grade. . 80 to 85 per cent, excl. 

Grade A. 85 to 90 per cent, excl. 

Note.— T he 16 and 18 cut rovings are avail- 
able only in Commercial and Underwriters* 
grades; all other cuts are available in all three 
grades. 

{b\ The asbestos content of reinforced 
asbestos roving shall be determined with- 
out removing the reinforcing core yarn. 

Iron Content 

5. Roving shall be made in two varie- 
ties, ferrous and non-ferrous, the mag- 
netic ratings of which shall conform to 


the following requirements: 

' 'Total Iro.n 

. . .. • 'Content, 

Magnetic 

Rating, 

Ferrous roving ........ 

max,, 
per cent 

. , :6 

max,, 
per cent 

2 

Non-ferrouS' roving : 
Underwriters* Grade. 

. ,1.75,' , 

0.75 

Grade, A. . ... ....... . 

2\ 

1 ' 
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METHODS OF TESTING , 

Sampling 

6. (a) Each shipment shah be divided 
into lots of from 800 to 1000 lb. From 
each lot or fraction thereof, six cones, 
tubes, or cheeses of roving shall be taken 
at random and the tests prescribed shall 
be made on specimens removed from each 
package selected. 

(b) If the tests from any lot fail to fall 
within the specified limits, a second set 
of samples shall be taken from another 
part of the lot and tested as before. 
The results of the two groups of tests 
shall be averaged to obtain the result for 
the lot. 

(r) If the average values determined 
in accordance with Paragraph (b) fail to 
fall within the specified limits, the previ- 
ous test results shall be discarded and a 
third set of samples shall be taken by 
selecting at random six cones, tubes, or 
cheeses from each ISO to 200-lb. unit of 
the material. The average results of 
tests on these six packages shall be con- 
sidered the average of the particular unit 
tested, and each unit shall be accepted or 
rejected on this basis. 

Test Conditions 

7. All test specimens shall be brought 
to a standard condition in accordance 
with Section 2 (^;) prior to testing and 
all tests shall be made under the standard 
condition. 

Number (Cut) 

8. (a) Number of Tests,— Tm de- 
terminations of the number of yards per 
pound shall be made on each set of six 
packages selected. Individual test re- 
sults and the average value of the ten 
tests shall fall within the respective 
permissible variations prescribed in the 
table given in Section 3 (a). 

(6) Procedure,— T)xt packages shall be 
grouped on the floor and six strands 
shall be drawn from them slowly, looping 
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over a support to assemble 24 strands, 
which shall be cut into a 1 -yd. length 
while suspended. The 24 yd. shall be 
weighed to the nearest 0.1 g. and the 
number of yards per pound calculated 
from the following formula: 


453.6 X 24 
W 


where: 


sample and the average of the total 
iron content determinations, shall be 
taken as the accepted determination. 

Method A 

Reagents 

11 . (a) Stannous Chloride Solution.— 
Dissolve 15 g, of c.p. tin in 350 ml of 
hot HCl (sp. gr. 1.19) and dilute to 
1 liter. 


F = yards per pound, and 
IF = weight of 24 yd. in grams. 

Asbestos Content 

9. Two specimens, weighing not less 
than 5 g. each shall be taken from each 
lot or unit sampled and dried to constant 
weight in an oven at 105 to 110 C. (220 
to 230 F.), and the weights of tlie dried 
specimens recorded. The specimens 
shall be placed in an electric oven and 
heated for not less than 1 hr. at 800 to 
810 C. (1470 to 1490 F.). After removal 
from the oven they shall be cooled in a 
desiccator to room temperature, and then 
weighed. The w’^eigh t of the residue shall 
be divided by the factor 0 . 86 '* to deter- 
mine the original weight of the asbestos 
content. This weight of asbestos con- 
tent shall be divided by the weight of the 
dried specimens to obtain the percentage 
of asbestos. The average of the two 
determinations made on the specimens 
from a given lot or unit shall be the 
asbestos content of that lot or unit. 

Note, — Specimens that are soiled, or have 
been sized, or otherwise treated shall be pre- 
pared for testing by removing hydrocarbon 
materials with chloroform, and then boiled for 
5 min, in distilled water. The specimens shall 
then be tested in accordance with the above 
procedure. 

Total Iron Content 
Test Specimens 

10. One specimen, weighing not less 
than 1 g. shall be taken from each 


•This factor is based upon a proved average of 14 
per cent water of crystallization in cbrysotile asbestos. 


Note. — A more convenient alternative 
method of preparing this solution is as follows: 
Dissolve 14,5 g. of stannous chloride in 165 ml 
of HCl (sp. gr. 1.19) and dilute to 500 ml, 
This solution should be kept in a tightly- 
stoppered bottle in contact with a stick of 
metallic tin in order to prevent oxidation. One 
milliliter of this solution will reduce about 0.015 
g. of ferric iron to the ferrous state. The con- 
centration of this solution will naturally increase 
as the tin dissolves in the acid liquor. 

(b) Mercuric Chloride Solution— 
pare a saturated solution containing 60 
to 100 g. of HgCh per liter. Approxi- 
mately 1.2 ml. of this solution will oxidize 
the tin in 1.0 ml of the original strength 
stannous chloride solution, 

(c) DiphenyUmin e I ndicator.—D is- 
solve 1 g. of diphenyiamine in 100 ml. 
of H 2 SO 4 (sp. gr. L84). 

(d) Potassium Dichr ornate (OJ N ). — • 
Prepare a solution of potassium dichro- 
mate of approximately 0.1 iV' strength 
as follows: Dissolve 4.9 g, of pure 
K 2 Cr 207 in distilled water and dilute 
to 1 liter. Allow to stand several hours 
and then standardize against a solution 
containing a known amount of iron in 
accordance with the procedure given in 
Section 12 ( 6 ). 

(e) Hydrochloric Acid {1:1)— Mix 
equal volumes of HCl (sp. gr. 1.19) and 
..distilled water., /Each sample will re- 
quire SO ml of .this solution. 

Procedure 

12 . {a) Hygroscopic Moisture.— Dry 
the accurately weighed specimen to 
constant weight in an oven at 105 to 
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HO C. Transfer the specimen to a des- 
iccator j allow to cool to room temper- 
ature and reweigh. The loss in weight 
is. hygroscopic moisture and shall be 
reported as a percentage of the original 
weight, of the specimen. 

(b) Total Iron. — ^Heat.the specimen 
.gently., with a bunsen burner,, to smoke' 
.off organic matter and then , ignite in a 
muffle at 650 C. for 20 to 30 min. 
Transfer the specimen to a 200-mL 
porcelain casserole and digest with 50 ml. 
of HCl (1:1). Without filteringj re- 
duce the ferric iron in this hot solution 
by adding the stannous chloride solution 
drop by drop from a burette until the 
yellow color of the FeCb just disappears. 
The white surface of the porcelain cas- 
serole affords a convenient background 
for determining when sufficient stannous 
chloride has been added. Cool the solu- 
tion to IS C. and while stirring, add 
10 ml. of HgCla solution. The forma- 
tion of a light silky precipitate indicates 
that the conditions are correct. If a 
dark precipitate of metallic mercury is 
formed, it indicates that an excess of 
stannous chloride has been added and 
the determination shall be repeated using 
the correct amount of the reducing 
reagent. Stir the solution vigorously 
for 1 min., add 3 drops of indicator 
solution, and dilute to 150 ml with cold 
distilled water. Titrate with standard 
0.1 N ’K.tCx*£)i having a titer no greater 
than 0.004 g. of Fe20s. The end point 
is reached when a drop of the potassium 
dichromate solution produces an intense 
deep-blue coloration that remains un- 
changed on the further addition of di- 
chromate. 

Calculation and Report 

13, Report the total iron as a. per- 
centage of the, weight „ of the original 
specimen, as calculated from the follow- 
ing formula: 

.. 4. . if XiVX 0.05584 

i ota.l iron, per ceB.t..«« X luu 


where: 

M = milliliters of the standard 
K2Cr207 solution, 

N = normality of the standard 
K2Cr207 solution, and ' ; 

W = weight of the original specimen. 

Method B 

Reagents 

14. {a) Phenanthroline Indicator . — • 
The solution may be purchased ready 
for use. 

(h) Hydrochloric Acid {1:10) —Mix 1 
volume of HCl (sp. gr. 1.19) and 10 
volumes of distilled water. Each speci- 
men will require 100 ml. of this solution. 

(c) Ceric Ammonium Sulfate Solution 
{0,1 N). — Dissolve 80 g. of ceric ammo- 
nium sulfate (Ce(S04)2-2(NH4)2S04- 
2H2O) in 500 ml. of a tl2S04 solution 
(prepared by diluting 28 ml. of FI2SO4 
(sp. gr. 1.84) with distilled water), stir 
until dissolved, and then dilute to 1000 
ml. Standardize the solution, which is 
approximately 0,1 N, against a solution 
containing a known amount of iron in 
accordance with the procedure described 
in Section 15 (5). 

Procedure 

15. {a) Ash. — Dry a sample of ap- 
proximately 1 g. to constant weight in 
an oven at 105 to 110 C., transfer the 
specimen to a desiccator, allow to cool 
to room temperature, and then reweigh. 
This is the oven-dry weight of the 
specimen, weight D, Place the speci- 
men in a tared No, 0 porcelain crucible 
and ignite in a muffle furnace at ap- 
proximately 900 C. for 20 to 30 min. 
Transfer the crucible and specimen to a 
desiccator, cool to room temperature, 
and then reweigli. The difference be- 
tween this vreight and the tare weight 
of the crucible is the weight of ash, 
weight A. The amount of ash shall be 
calculated as a percentage of the oven- 
dry weight of the specimen, as follows: 

Ash, per cent = ~ X 100 
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(&) Total ' Iron.'— -TmiisfeT the ■ ash 
(Paragraph (a)) to. a 300-ml. , ' glass 
beaker, add 25 ml. ,of c.p. HCl (sp. gr. 
1.19)y and heat to toiling. While the 
solution; is. boiling, add just a' sufficient 
number, of ,, drops of c.p. HF to com- 
pletely dissolve the iron, and then 
concentrate by boiling to a volume of 
15 ml., cool, and dilute with 100 ml. of 
cold distilled water. Pass the solution 
through a Walden reductor, wash the 
reductor with 100 ml. of diluted HCl 
(1:10), add IS to 20 ml. of H 2 SO 4 (sp. 
gr. 1.84) and 3 drops of phenanthroline 
indicator to the filtrate, and then titrate 
with the standard ceric ammonium 
sulfate. 

Calculations and Report 

16. Report the total iron as a per- 
centage of the oven-dry weight of the 


specimen as calculated from the follow- 
ing formula: 


Total iron, percent 
'Where : 


0 . 05584 ,., 

aaa ^ lylj 


M == milliliters of the standard ceric 
am,moniiim sulfate solution, 

N — normality of' the ceric amino' 
nium sulfate solution, and 
D == oven-dry weight- of the speci- 
men. 

Magnetic Iron Content 
Procedure 

17. The magnetic rating shall be de- 
termined by the Mapes nietliocP on one 
specimen taken from each sample and 
the average shall be taken as the ac- 
cepted determination. 


® AsbesioSf p, !9, October, 1932. 



STANDARD SPECIFICATIONS AND METHODS OF TEST 

FOR 

ASBESTOS TAPE , FOR ELECTRICAL PURPOSES^: : ; 



A.S,T.M. Designatioii: D315 -44 , 

Adopted, 1933; Revised, 1936, 1937, 1941, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 315; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


Weight 


1. These specifications and methods 
of test apply to asbestos tape woven 
from plain asbestos yarn and suitable 
for electrical purposes. 

Tolerances 

Tolerances 

2. Tolerances are the limits within 
which the specified characteristics of the 
tape must come to constitute a good 
delivery on contract. 

Width 

3. The width of the tape shall not 
vary from that specified by more than 
the following: 

Permissible 

Variations 

Specified Width, in. in Width, in 

l and under.' =b^ 

Over 1. ........ ± 1 ^ 

Thickness 

4. The average thickness of the tape 
shall not vary from ,, that specified by 
more .than plus or minus 0.003 in. 


5. The average weight of the tape 
shall be calculated in yards per pound 
and shall be not less than the following: 


Thickness, in. 


0.015. 


0 . 020 . 


Width, in. 

i... 


Weight, min,, 
yd. per lb. 

... 85 
... 65 
... 50 
, . . 40 
... 30 


70 

S3 

40 

32 

25 


0.025. 


45 

35 

25 

18 

13 


0.030. 


17 
13| 
11 „ 


Weave ■ 

6, The tape shall be uniformly woven 
and shall have selvage edges. 


t Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of, the 
A.S.T.M. Committee D-13 on Textile Materials. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1929 to 1933, being 
revised in 1931.' , ,■ 


Construction 

7. The number of ends and picks per 
inch shall conform to the following re- 
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quirements withm plus 6 or Biinus 2 ends, 
.and plus ,5 or minus 1 pick: . 


Thickness, in. 

Ends 
per Inch 

Picks 
per Inch 

0.015 

30 

18 

- 0,020......... 

...... 22 

18 


27 

12 

0.030......... 

27 

12 


Breaking Strength ^ 

8. The breaking strength per inch of 
width of each specimen of the tape 
tested shall be not less than the follow- 
ing requirements: 


Thickness, in. 

Breaking Strength, min., 
lb. per in. of width 
Before After 

Heating Heating 

O.OIS 

30 

15 

0.020. 

35 

15 

0.025...... 

. . . : 50 

25 

0.030. 

85 

43 


Electrical Properties 

9. The number of conducting par- 
ticles in a lO-yd. length of tape of 0.015 
in, in thickness shall not exceed 100 per 
inch of width. This requirement applies 
to 0.015-in. type only. 

Asbestos Content 

10. Asbestos tape for eiectrica] pur- 
poses shall be Underwriters^ grade, 
having an asbestos content by weight of 
80 per cent up to but not including 
85 per cent. 

Sizing 

11. No sizing shall be used. 
Workmanship 

12. The workmanship shall be first 
class as shown by even spacing in the 
weave, freedom from nap and from 
broken threads, uneven threads, and 
knots. 

Finish 

13. The tape shall be calendered. 
Rolls 

14. (a) The tape shall be wound in 


continuous rolls on bushings having a 
length -A* ki, shorter than the width of 
the tape and an inside diameter of | in, 
or I in. as specified by the purchaser. 
The bushings ' shall have sufiicient 
strength to resist crushing in packing 
and shipment. 

(6) The rolls shall each contain 36 

yd. of tape. 

(c) The end of the tape shall be se- 
cured with a gummed label. 

Methods of Testing 
Sampling Rolls for Test 

15. From each shipment of tape at 
least three rolls shall be selected and the 
tests prescribed shall be made on sample 
lengths cut from each roll. Failure of 
the first samples selected to conform to 
the requirements of the specifications 
will necessitate the selection of the same 
number of rolls for a second test. 

Test Condition 

16. All test specimens shall be condi- 
tioned to moisture equilibrium in a 
standard atmosphere having a relative 
humidity of 65 per cent at 70 F. (21 C.). 
A tolerance of plus or minus 2 per cent 
is permitted in relative humidity and 
plus or minus 2 F, (1.1 C.) in tempera- 
ture. 

Note.— F or purpose of tests, it is recognized 
that specimens reach moisture equilibrium after 
exposure for at least 4 hr. at the above specified 
relative humidity and temperature. 

Width 

17. (a) The width shall be determined 
by the use of a standard steel scale so 
graduated as to obtain the degree of ac- 
curacy specified in Section 3. The 
determination shall be made while the 
tape lies flat and without tension, on a 
smooth surface. 

(b) The width shall be. taken as the 
average of five measurements made at 
least 1 yd. apart in any one roll, and the 
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average of the measurements shall be 
accepted as' the width of the lot under 
test, , , 

Thickness 

18. (a) The thickness shall be meas- 
ured in accordance with Section 5 of the 
Standard General Methods of ■ Testing 
Woven Textile Fabrics (A.S.T.M. Desig- 
nation: D 39).® 

(I)) The thickness shall be taken as 
the average of ten measurements at ten 
different places on the sample not less 
than 12 in. apart, none of which shall 
be on a selvage edge. 


19. The weight of the tape shall be 
determined by accurately measuring a 
sample not less than 12 yd. in length and 
weighing it ori a balance sensitive to O.S 
per cent of the weight of the specimen. 
The length determination shall be made 
with the material laid flat on a smooth 
surface and held taut without stretching. 

Construction 

20. (a) Ends . — The total number of 
ends shall be determined regardless of 
the width of the tape. 

ih) Picks . — The number of picks shall 
be determined in a length of 1 in. 

(c) Number of Tests . — The number of 
ends shall be taken as that secured by 
making one determination per sample. 
The number of picks per inch shall be 
taken as the average of five counts made 
at five different places on the sample. 
An accepted thread counting magnify- 
ing glass shall be used in making the 
counts. 

Breaking Strength 

21. (a) The breaking strength of the 
tape shall be determined on a testing 


® 1946 Book of A.S.T.M. Standards, 'Part III-A. 


machine conforming to the Standard 
Specifications for Textile Testing Ma- 
chines (A.S.T.M. Designation: D 76) of 
the American Society for Testing Ma- 
terials.® 

(b) Tests shall be made in the direc- 
tion of the warp only. The specimens 
shall be tested in full section. The ini- 
tial length of the test specimens between 
the clamps shall be 3 in. and the speed 
of the pulling clamp shall be 12 ± I in. 
per min. 

(c) Breaking Strength After Heating.— 
The breaking strength after heating shah 
be determined on specimens which have 
been heated in an oven for 5 min, at 
300 C. (570 F.). 

{d) Number of Tests . — ^The breaking 
strength before and after heating shall 
each be determined on five specimens 
taken from each sample roll. No single 
test shall fall below the requirements 
prescribed in Section 8. 

Electrical Properties 

22. The test for conducting particles 

shall be made by passing the tape at a 
rate of 2 yd. per minute under a pressure 
of 7 lb. per inch of width at prevailing 
atmospheric conditions between smooth, 
clean copper rollers, 2 in. in diameter, 
supported by free moving bearings. 
The rollers shall be connected in series 
with a 110-v., 25-w. incandescent 

lamp, to a 110-v., 60-cycle circuit. The 
number of flashes or glows of the lamp 
shall indicate the number of conducting 
particles. The tests shall be made on 
a 10-yd. length in each of the sample 
rolls, and the average of the determina- 
tions shall be taken as the number of 
conducting particles. 

Asbestos Content 

23. One test specimen, weighing not 
less than 5 g. shall be taken from each 
sample roll, and dried to constant weight 
in an oven at lOS to 110 C. (220 to 


Weight 
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230 F.), and the weights of the dried 
specimens recorded. The specimens 
shall be placed in an electric oven and 
heated for not less than 1 hr. at 800 to 
810 C. (1470 to 1490 F.). After re- 
moval from the oven they shall be cooled 
in a desiccator to room temperature, and 
then weighed. The weight of the residue 
shall be divided by the factor 0.86“ to 
determine the original weight of the 

® TMs factor is based upon a proved average of 14 per 
cent water of crystallization in chrysotile asbestos. 


asbestos content* This weight of as- 
bestos content shall be divided by the 
weight of the dried specimens to obtain 
the percentage of asbestos. The average 
of the determinations shall be the as- 
bestos content* . 

Not®, — S pecimens that are soiled, or have 
been sized, or otherwise treated, shall be pre- 
pared for testing by removing hydrocarbon 
materials with chloroform, and then boiled for 
S' min. in distilled water. The specimens shall 
then be tested in accordance with the above 
procedure. 



Standard Speeiji cations for 
0.007-m. COTTON TAPE FOR ELECTRICAL PURPOSES^ 



A.S.T.M. Designation: D 33S - 36 
Adopteb, 1934; Revised, 1936.* 

Reapproved in 1946 Without Change* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 335; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L These specifications cover 0.007-in. 
cotton tapes for use in the electrical 
industry. 

Cotton 

2. (a) Tapes shall be woven uni- 
formly from a good grade of cotton. 
They shall, as far as practicable, be free 
from ^^motes” or other impurities found 
in improperly cleaned cotton, 

(i) Tapes shall be woven with a 
selvage edge which shall be held as close 
as is commercially possible to the 
nominal thickness of the tape. 

Sizing 

3. (a) In order to process properly 
and give a smooth finish, manufac- 
turers may use a small amount of sizing 
in the warp threads, but such sizing 
shall not exceed 8 per cent of the total 
weight. 

(i) Finished tapes shall be prac- 
tically neutral; in reaction. Acids or 
alkalies shall not be present in quantities 

Uader the standardization procedure o£ the Society, 
these specifications are under the' jurisdiction of the A,S. 
T.M.Xominittee I)-13 on Textile Materials. 

a Prior to adoption as standard, these specifications 
were published as tentative from 1931 to 1934. 


vrhich will cause the tape to deteriorate 
or cause other harm when impregnated 
by the purchaser. 

It is recommended that the pH value 
lie between 6.5 and 7.5 based on a 
neutrality point of 7.0. 

Physical Properties 

4. The tape shall conform to the 
following requirements subject to the 
tolerances specified in Sections 3 to 6 
of the Standard Methods of Testing 
and Tolerances for Woven Tapes 
(A,S.T,M. Designation: D 259) of the 
American Society for Testing Materials:® 

Breaking 


Width, 

Ends, 

Picks 

mm.» 

strength, 

min.. 

in. 

Total 

per Inch 

yd. per lb. 

lb.« 

i 

30 

30 

350 

20 

i 

36 

36 

250 

30 

i 

45 

30 

225 

35 . 

1 

56 

36 

175 

40 

1 

60 

30 

160 

40 

1 

72 

36 

130 

50 

u.... 

90 

30 

120 

60 


108 

36 

75 

75 


* Values are average of five tests. 


Methods of Testing 

5. All test procedures' shall be con- 
ducted in accordance with Sections 7 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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to 17 of the Standard Methods of 
Testing and Tolerances for Woven 
Tapes (A,S*T,M, Designation; D 259) 
of the American Society for Testing 
Materials,® 

Winding 

6. (ii) Tapes shall be wound tightly 
on a suitable bushing and shall be well 
blocked to give smooth sides to the roll. 

(J) Tapes shaU be so rolled that the 
edges are not folded over. 

(c) Bushing , — The bushing shall be 
flush with the edge of the tape and shall 
not vary from the nominal tape width 
by more than in. Bushings shall not 
be split and shall have sufficient strength 
to withstand damage in handling and 
transit. The inside diameter of bush- 
ings shall be f in. 


Cotton Tape (D 335 -36) 

Size of Rolls 

7. Tapes shall be put up in rolls con- 
taining approximately 36 yd. or 72 

as specified. 

Splices 

8. (a) The number of splices in, any 
package of ten 36-yd, rolls shall not 
exceed four. For larger packages or 
rolls this limit shall be prorated. 

(b) All splices shall be sewed and shall 
be smooth and flat. Splices shall not 
exceed in thickness twice the thickness 
of the tape. 

Securing Ends of Roll 

9. Pasters or starch paste may be 
used in securing the ends of rolls. Pins 
shall in no case be used. 

Packing 

10. Tapes may be packed 10 or 20 
rolls to a package. 



Standard Methods of 
TESTING ASBESTOS TUBULAR SLEEVING’ 



A.S.T.M. Designation: D 628 - 44 
Adopted, 1944. ^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 628; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of testing apply to 
woven and braided asbestos tubular 
sleeving. 

Sampling 

2. Asbestos tubular sleeving shall be 
sampled in accordance with Section 10 
of the Standard Methods of Testing and 
Tolerances for Tubular Sleeving and 
Braids (A.S.T.M, Designation: D 354) 
of the American Society for Testing 
Materials."'" 

Test Condition 

3. All test specimens shall be condi- 
tioned to moisture equilibrium in a 
standard atmosphere having a relative 
humidity of 65 per cent at 70 F. (21 C.). 
A tolerance of plus or minus 2 per cent 
is permitted in relative humidity and 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-13 on Textile Materials. 

® Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1944 . 

‘^“ 1946 Book of A.S.T.M. Standards, Part III-A. 


plus or minus 2 F. (1.1 C.) in tempera- 
ture. 

Note. — F or purpose of tests, it is recognized 
that specimens reach moisture equilibrium after 
exposure for at least 4 hr. at the above specified 
relative humidity and temperature. 

Physical Properties 

4. The weight, wall thickness, inside 
diameter, carriers, ends per bobbin, 
yarn number, and, imperfections shall be 
determined in accordance with Sections 
11 to 17, inclusive, of Standard Methods 
D 354. 

Asbestos Content 

5. The asbestos content shall be deter- 
mined in accordance with Section 9 of 
the Standard Specifications and Methods 
of Test for Asbestos Roving for Elec- 
trical Purposes (A.S.T.M. Designation: 
D 37S) of the American Society for 
Testing Materials.^ 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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FOR 

WOVEN GLASS FABRICS^ 



A.S.T.M. Designation: D 579 - 44 
Adopted, 1943; Revised, 1944 A 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 579; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of testing and 
tolerances apply to woven continuous 
filament and staple glass fabrics for 
electrical purposes (except woven glass 
tapes). 

Definitions 

2. (a) Definitions of terms relating to 
woven glass fabrics shall be in accord- 
ance with the Standard Definitions of 
Terms Relating to Textile Materials 
(A.S.T.M. Designation: D 123) of the 
American Society for Testing Materials.® 

(6) Standard Condition , — Standard 
condition of glass fabric shall be that 
reached by the fabric when in moisture 
equilibrium with a standard atmosphere 
having a relative humidity of 65 per cent 


at 70 F. (21 C.). A tolerance of plus 
or minus 2 per cent is permitted in 
relative humidity and plus or minus 
2 F. (1.1 C.) in temperature. 

(c) Moisture Equilibrmm , — It shall 
be considered that moisture equilibrium 
is reached when, after free exposure to 
air in motion, there is no progressive 
increase in weight. Moisture equilib- 
rium shall be approached from the dry 
side (not moisture free). 

(d) Toleranc€S,~TQ\^miict% are the 
limits within which the specified charac- 
teristics of the fabric must come to 
constitute a good delivery on contract. 

Tolei^ances 

Thickness 

3. {a) The average thickness of the 
fabric shall not vary from that specified 
by more than the following: 

Permiasible Variations, in. 
Continuous ■■ ^ 

Filament ■ Staple 

rir0:.0005 

.± 0.001 ± 0 . 002 . 
±0.002 ±0.003 

........ , . ±0..G03. 


^ Under the standardization procedure of the Society, 
these methods are under the junsdiction of the A.S.T.M. 
Committee D -13 on Textile Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1940 to 1943, being revised in 
1941 and 1943. 

a 1946 Book of A.S.T.M. Standards, Part III-A. ' 


, Nominal Thickness,, in. 
0.005 and under, . . . 
Over 0.005 to 0.010. . 
Over 0.010 to 0.015., 
Over O.OIS to 0.025.. 
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(b) Individual thickness measure- 
ments shall not vary from that specified 
by more than the following: 


Nominal Thickness, in. 

0.005 and under 

Over 0.005 to 0.010. 
Over 0.010 to O.OiS. 
Over 0.015 ' to 0.025. 


Permissible Variations, in. 
Contimions 

Filament Staple 

dzO.OOl 

d=0.0015 ±0.003 

±0,0025 ±0.0035 

±0.0035 


.Width 

4. (a) The width of the fabric meas- 
ured inside the selvage shall not vary 
from that specified by more than plus 
or minus | in, 

(b) The width of the selvage at each 
edge shall not vary from that specified 
by more than plus or minus tV In* 


Weight _ 

5. The average weight of the fabric 
shall not vary from that specified by 
more than plus or minus 10 per cent. 

Count 

6 . (a) Warp . — The average count of 
warp ends per inch shall not vary from 
that specified by more than plus or 
minus 2 ends. 

(5) Filling . — The average count of 
filling picks per inch shall not vary 
from that specified by more than plus 
or minus 2 picks. 

Breaking Strength 

7. The breaking strength of the warp 
and of the filling shall be not less than 
that specified. 

Glass Content 

8 . The glass content shall be not less 
than that specified. 

..Methods of Testing 
Methods of Testing , 

9. All test procedures not covered in 
the following Sections 10 to 12 shall be 


in accordance with Standard , General 
Methods of Testing: Woven Textile 
Fabrics (A.S.T.M. Designation: D39) 
of the American Society for Testing 
Materials.® 

Thickness 

10. {a) The thickness of the fabric 
shall be determined in accordance with 
Method A, B, or C of the Standard Meth- 
ods of Test for Thickness of Solid Electri- 
cal Insulation (A.S.T.M. Designation: 
D 374) of the American Society for 
Testing Materials.^ In case of dispute. 
Method C shall be used. 

( 6 ) The thickness shall be the average 
of 10 measurements at 10 different places 
on the sample not less than 12 in. apart, 
none of which shall be on a selvage edge. 
The average thickness and the range in 
thickness shall be recorded. 

Breaking Strength 

11 . {a) The breaking strength of the 
fabric shall be determined on a pendulum 
type tester conforming to the Standard 
Specifications for Textile Testing Ma- 
chines (A.S.T.M. Designation: D 76).® 
The speed of the pulling clamp shall be 
12 ± I in. per min. 

(5) Tests shall be made by the raveled- 
strip method in accordance with Section 
11 of the Standard General Methods of 
Testing Woven Textile Fabrics (A.S. 
T.M. Designation: D 39).® Tests shall 
be made in the direction of the warp and 
of the filling. When the specimens break 
in the clamps of the testing machine, the 
test results shall be discarded. In 
order to prevent breakage of the sped* 
men at the clamps, it is recommended 
that the specimen be prepared by dipping 
the ends to within If in. of the center in 
an impregnant (Note), and be gripped 
securely in the clamp with approximately 
^ in. of rubber and 3 ^ in. of felt on each 
side of the specimen between the jaws. 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Note.-^-A , , recommended' ■ impregnant is ■ a 
mixture of 25 g. of lindol (tricresyl phospliate), 
100 g.. of metliylmethac,ry!ate and 475 g* of 
toluencj. heated in a water bath to 160 F. 
(71,0. ■ 

(t;) At least five breaking strength 
determinations shall be .. made and the 
average of these five tests shall be -the' 
breaking strength of the fabric. 

Glass Content 

12. Five test specimens, each weigh- 
ing not less than 5 g., shall be dried .to 
constant weight in an oven at 105 to 
110 C. (220 to 230 F.) and the weights of 
the dried specimens recorded, weight A . 


The specimens shall then be placed in a 
ventilated oven and heated for 1 hr. at a 
temperature of 500, ± 20 C. (932 ifc 
36 F.). After reniovarfrom the, oven, 
they shall be cooled in a desiccator 
to room, temperature and then weighed. 
The weight of the residue shall, be 
multiplied by 100 and divided by the 
oven-dry weight of the specimen, .weight 
A, to obtain the percentage of glass. 
The average of five determinations shall 
be the glass content. 

Note.—- T his method does not provide for 
the removal of inorganic material as such 
materials ordinarily are not present. 



STANDARD METHODS OF TESTING AND TOLERANCES 

FOS. 

WOVEN GLASS TAPES^ 



A.S.T.M. Designation: D 580 - 44 
Adopted, 1943; Revised, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 580; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of testing and toler- 
ances apply to woven continuous fila- 
ment and staple glass tapes. 

Definitions 

2. (a) Definitions of terms relating 
to glass tapes shall be in accordance with 
the Standard Definitions of Terms Re- 
lating to Textile Materials (A.S.T.M. 
Designation: D 123) of the American 
Society for Testing Materials.® 

(b) standard Condition , — Standard 
condition of glass tape shall be that 
reached by the tape when in moisture 
equilibrium with a standard atmosphere 
having a relative humidity of 65 per 
cent at 70 F. (21 C.). A tolerance of 
plus or minus 2 per cent is permitted 

^ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S,T.M. 
Committee D-13 on Textile Materials. 

Prior to adoption as standard, these methods were 
published as tentative from 1940 to 1943, being revised in 
1941 and 1943, 

3 1946 Book of A.S.T.M. Standards, Part III-A. 


in relative humidity and plus or minus 
2 F. (1.1 C.) in temperature. 

((;) Moisture Equilibrium , — It shall 
be considered that moisture equilibrium 
is reached when, after free exposure to 
air in motion, there is no progressive in- 
crease in weight. Moisture equilibrium 
shall be approached from the dry side 
(not moisture free). 

{d) Tolerances , — Tolerances are the 
limits within which the specified char- 
acteristics of the tape must come to 
constitute a good delivery on contract. 

Tolerances 

Thickness 

3. {a) The average thickness of the 
tape shall not vaiy from that specified 
by more than the following: 

Permissible Variations, in. 
Continuous 

Nominal Thickness, in. Filament Staple 

0.005 and under d=0 . 0005 ... . . . . 

OverO.005 to 0.010... ±0.001 ±0.002 

Over 0.010 to 0.015... ±0.002 ±0,003 

Over 0.015 to 0.025... ....... ±0.003 
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I 


(J) Individual, thickness measure- 
ments shair not vary from the nominal 
thickness specified by more than the 
following: ■ 

Fermiasibk Vamtions, in. 
Contmuom 

Nominal Tfaicknoss, in. , Filament Staple 

0.005 and under.. . ±0.001 

Over 0.005 to 0.010. ±0.0015 ±0.003 

Over 0.010 to 0.015. ±0.0025 ±0.0035 

Over 0.015 to 0.025 ±0.0035 

Width 

4. The width of the tape shall not 
vary from that specified by more than 
the following; 

Permissible Variations, in. 
Continuous 

Nominal Widtb, in. Filament Staple 

i =fc:Af iA- 

Over i db'A 

Weight 

5. The average weight of the tape 
shall be calculated in yards per pound 
and in no case shall the yardage be less 
than that specified. 

Construction 

6. (a) Ends , — The total number of 
ends shall not vary from that specified 
by more than plus or minus one end. 

(b) Picks , — The number of picks per 
inch shall not vary from that specified 
by more than minus 1 pick or plus 2 
picks. 

Breaking Strength 

7. The average breaking strength of 
the tape shall be not less than the speci- 
fied breaking strength. 

Glass Content 

8. The glass content shall be not less 
than that specified. 

Methods OF Testing 
■ Test Conditions . ; 

9. The tape shall be brought to a 
standard condition (Section 2 (6) and 
(€)) prior to testing and all tests shall 


be made under the standard atmospheric 

conditions. 

NotE.— .Moisture equilibrium under these 
conditions is reached quickly, 1 hr. being 
considered ample exposure time. 

Sampling Rolls for Test 

TO. From each shipment .of tape, at 
least three rolls shall be selected and the 
tests prescribed shall be made on sample 
lengths cut from each roll.: Failure of 
the first samples selected to conform to 
the requirements of the specifications 
will necessitate a selection of the same 
number of rolls for a second test. 
Thickness 

IL (a) The thickness of the tape 
shall be determined in accordance 
with Method A, B, or C of the Standard 
Methods of Test for Thickness of Solid 
Electrical Insulation (A.S.T.M. Desig- 
nation: D 374) of the American Society 
for Testing Materials.'^ In case of dis- 
pute, Method C shall be used. 

(b) The thickness shall be taken as 
the average of ten measurements at ten 
different places on the sample not less 
than 12 in. apart, none of which shall be 
on a selvage edge. The average thick- 
ness and the range in thickness shall be 
recorded. 

Width 

12. (a) The width of the tape shall 
be determined by the use of a standard 
steel scale graduated to read within the 
■degree of accuracy specified for width 
tolerances in Section 4. The tape shall 
lie flat on a smooth surface at the time 
of measurement. 

(b) The width of the tape shall be the 
average of five measurements made at 
least 1 yd, apart. The average width 
and the range in width shall be recorded. 

Weight 

13. (a) .The weight' of:: the. tape shall 
be determined by accurately measuring 

■ * Appears in this puhlication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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and weighiBg samples 2 yd. in length and 
then calculating the yards per pound. 

(J),Not' less; than three weight de- 
terminations shall be made per ship- 
ment, such determinations to be made 
on different rolls from different packages. 
The average of these three determina- 
tions shall be the average weight of the 
shipment involved. 

Coiistriiction 

14. (a) Ends . — The total number of 
ends shall be determined for the fuU 
width of the tape. 

(b) Picks . — The number of picks shall 
be determined in a length of 1 in. 

(c) Number of Tests . — The number of 
ends shall be taken as that secured by 
making one determination per sample. 
The number of picks shall be taken as 
the average of three counts made at 
different places on the sample. An ac- 
cepted thread counting magnifying glass 
shall be used in making the counts. 

Breaking Strength 

15, {a) The breaking strength of the 
tape shall be determined on a pendulum 
type tester conforming to the Standard 
Specifications for Textile Testing Ma- 
chines (A.S.T.M. Designation: D 76).^ 
The speed of the pulling clamp shall be 
12 ± I in. per min, 

{b) Tests shall be made in the direc- 
tion of the warp only. When the speci- 
mens break in the clamps of the testing 
machine, the test results shall be dis- 
carded. In order to prevent breakage 
of the specimen at the clamps, it is 
recommended that the specimen be pre- 
pared by dipping the ends to within If 
in. of the center in an impregnant (Note), 
and be gripped securely in the clamps 
with approximately in. of rubber and 

in. of felt on each side of the specimen 
between the jaws. \ 

Note.— A recommended a 

mixture of '25 g. of lindol (tricresyl pkosphate), 


100' g. , of metliylmetliacrylate, and 475 g. of 
toluene, heated in a water bath to: 160 F, 
(710, 

(r) Tapes 1| in, and under in width 
shall be tested in full width, and the 
distance between the clamps shall be 
3 in. 

{d) Tapes over If in. in width shall 
be tested by the raveled-strip method 
in accordance with Standard General 
Methods of Testing Woven Textile Fab- 
rics (A.S.T.M. Designation: D 39) of the 
American Society for Testing Materials.® 

(e) Number of Breaking Tests.— Ki 
least five determinations of breaking 
strength shall be made and the average 
of these five tests shall be the breaking 
strength of the roll. 

Glass Content 

16. Five test specimens, each weigh- 
ing not less than 5 g., shall be dried to 
constant weight in an oven at 105 to 
110 C. (220 to 230 F.) and the weights 
of the dried specimens recorded, weight 
A . The specimens shall then be placed 
in a ventilated oven and heated for 1 hr. 
at a temperature of 425 to 500 C. (797 
to 932 F.). After removal from the 
oven, they shall be cooled in a desiccator 
to room temperature and then weighed. 
The weight of the residue shall be multi- 
plied by 100 and divided by the oven- 
dry weight of the specimen, weight A , to 
obtain the percentage of glass. The 
average of five determinations shall be 
the glass content. 

Note. — T his method does not provide for the 
removal of inorganic material as such materials 
ordinarily are not present. 

Sizing Content 

17. The average loss in weight after 
heating at 425 to 500 C. (Section 16) 
shall be calculated as a percentage of 
the oven-dry weight, weight A, and 
reported as sizing content. 
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A*S.T.M. Designation: D 581 - 44 
Adopted, 1943; Revised, 1944.2 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 581; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L These methods of testing and toler- 
ances apply to continuous filament and 
staple glass tubular sleeving and braid. 

Definitions 

2. Definitions of terms relating to 
glass sleeving and braid shall be in ac- 
cordance with the Standard Definitions 
of Terms Relating to Textile Materials 
(A.S.T.M. Designation: D 123) of the 
American Society for Testing Materials.® 

(b) Standard Condition . — Standard 

condition of glass sleeving and braid 
shall be that reached by the fabric when 
in moisture equilibrium with a standard 
atmosphere having a relative humidity 
of 65 per cent at 70 F. (21 C.)* A toler- 
ance of plus or minus 2 per cent is 
permitted in relative humidity and plus 
or (1*1 C) in temperature* 

(c) Moisture Equilibrium.— It shall 


be considered that moisture equilibrium 
is reached when after free exposure to 
air in motion, there is no progressive 
increase in weight. Moisture equilib- 
rium shall be approached from the dry 
side (not moisture free). 

(d) Tolerances.— TohirncQS are the 
limits within which the specified char- 
acteristics of the textile must come to 
constitute a good delivery on contract. 

Tolerances 

Inside Diameter 

3. The inside diameter of the glass 
sleeving and braid shall not be less than 
that specified and shall not exceed the 
specified inside diameter by more than 
the following: 

Permissible 

Variations, 

Inside Diameter, in. in. 

and under. . . , . , — ........... 

Over A. to I , -f* 

Over I .-fA 


1 Under tbe standardization procedure of tbe Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-13 on Textile Materials. 

* Prior to adoption as standard, these methods were 
published as tentative from 1940 to 1943, 

3 1.946 Book of A.S.T.M. Standards, Part III-A. 


Wall Thickness 

4. The wall thickness of glass sleeving 
and braid shall not vary from , that 
specified by more than the following: 
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Permissible 


Variations 

mWall 

Type of Sleeve or Braid Thickness, 

in. 

Continuous filament ±0 . 001 

Staple ±0.002" 


Weight 

5. The weight of the glass sleeving and 
braid shall be calculated in yards per 
pound and shall not vary from that 
specified by more than plus or minus 10 
per cent. 

ConstructioE 

6. (a) Carriers , — The number of carri- 
ers shall be not less than that specified. 

{h) Ends per Carrier . — The num- 
ber of ends on the carrier shall not ex- 
ceed that specified. 

{c) Picks —The number of picks per 
inch shall not vary from that specified by 
more than plus or minus 3 picks. 

Yarn Number 

7. The yarn number shall not vary 
from that specified by more than plus 
or minus 10 per cent. 

Glass Content 

8. The glass content shall be not less 
than that specified. 

Methods of Testing 
Diameterj TMcknesSj Ends 

9. The inside diameter, wall thick- 
ness, and number of ends per carrier 
shall be determined in accordance with 
the Standard Methods of Testing and 
Tolerances for Tubular Sleeving and 
Braids (A.S.T.M. Designation: D 354) 
of the American- Society for Testing 
Materials.® 

Picks f er Inch 

10. The number of picks per inch 
shall be measured over a 3-in, length 
after the sleeving or braid lias been 
placed upon a mandrel having -the same 


diameter as the specified; : inside 
diameter of the sleeving or braid, ' A 
standard pick counter shall; be used in 
counting the number of picks per inch. 
The average of three measurements shall' 
be taken as the number of picks 'per inch* 

Yards per Pound 

11, The sleeving or braid shall be 
slipped over a mandrel approximately 1 
yd. in length, the diameter of which 
corresponds to the specified inside di- 
ameter of the sleeving or braid. The 
material shall be made to lie smoothly 
on the mandrel. A specimen 2 ft. in 
length shall be accurately measured from 
the center of this piece and cut off with 
a sharp instrument. This specimen 
shall then be weighed on an analytical 
balance or other scale of equal accuracy 
and the yards per pound calculated. 
The average value obtained from tests 
on five specimens shall be taken as the 
yards per pound. 

Glass Content 

12. Five test specimens, each weigh- 
ing not less than 5 g., shall be dried to 
constant weight in an oven at 105 to 
110 C. (220 to 230 F.) and the weights 
of the dried specimens recorded, weight 
A . The specimens shall then be placed 
in a ventilated oven and heated for 1 hr. 
at a temperature of SOO ± 20 C. (932 d= 
36 F.). After removal from the oven, 
they shall be cooled in a desiccator to 
room temperature and then weighed. 
The weight of the residue shall be multi- 
plied by 100 and divided by the oven- 
dry weight of the specimen, weight *4, 
to obtain the percentage of glass. The 
average of five determinations shall be 
the glass content. 

Note. — TM s metliod does not provide for 
the removai of inorganic materiai as such 
materials ordinarily are not present. 
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A.S.T.M. Designation: D 259 - 44 
Adopted, 1944.^ 

This Standard of the American Society for Testing Materials is issued tinder 
the fixed designation I) 259; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 

Scope 

1. These methods of testing and toler- 
ances apply to silk and cotton tapes. 

Tolerances 

Tolerances 


Nominal Fermi wible 

Width, in. Variations, in. 

i 

I dbiV 

1 A 

IL* HbA* 

IL • 

Over 1§ dbA" 


2. Tolerances are the limits within 
which the specified characteristics of the 
textile must come to constitute a good 
delivery on contract. 

Weight 

3. The average weight of the tape 
shall be calculated in yards per pound 
and in no case shall the yardage be less 
than that specified. 

Width 

4. The width of the tape shall not vary 
from that specified by more than the 
following: 

1 Under the standardbation procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee D-13 on Textile Materials. 

2 Prior to adoption aa standard, these methods were 
published as tentative from 1926 to 1927. They were 
adopted in 1927, published as standard from 1927 to 1933, 
but revised, and republished as tentative from 1933 to 
1944, being revised in 1936, 1939, and 1942. 


Thickness 

5. (a) The average thickness of the 
tape shall not vary from that specified 
by more than the following: 


Permissible 

Nominal Thicknesa, in. Variations, In. 

0.011, and under ±0,001 

OverO.Oli to 0.020, incL ±0,0015 


(b) Individual thickness measure- 
ments shall not vary from the nominal 
thickness specified by more than the 
following: 


Permissible 

Nominal Thickness, in. Variations, in. 

0.011 and under ±0.0015 

Over 0.011 to 0.020, incL , ..... . . . . „ ±0:.002 


Construction 

6. The .total number of ends shall .be 
■not le.ss than ''Specified,' The., picks, per 
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inch shall not vary by more than the fol- nation: D 39) of the American Society 


lowing: 

, Permissible 


■ T»pe Count Variations 

4S per inch and under. ..... ,dbl pick 

Over 48 per iiicli. ......... ±2 picks 


M'K'rifODs o:f Testing 
S afflpHEg Rolls for Test 
...7* F,rom each shipment of tap.e at 
least three rolls shall be selected and the 
tests prescribed, shall be made on sample 
lengths cut from each ' roll ■ Failure of 
the first samples selected to conform to 
the requirements of the specifications 
will necessitate the selection of the same 
number of rolls for a second test. 

Weight 

8. (a) The weight of the tape shall be 
determined by accurately measuring and 
weighing samples 2 yd. in length and 
then calcula!.ing the yards per pound. 

(5) Not less than three determina- 
tions of weight shall be made per ship- 
ment, such determinations to be made on 
different rolls from difTerciit packages. 
The average of these three determina- 
tions shall 'indicate the average weight 
of the shipment involved. 

Width 

9. (a) The width of the tape shall be 
determined by the use of a standard 
steel scale graduated to read within^ the 
degree of accuracy specified for width 
tolerances in Section 4. The tape shall 
lie fiat on a smooth surface at the time 
of measurement. 

(b) At least ten measurements of 
width shall be made on the samples used 
for the weight determination (Section 
8) and the average and range of width 
recorded. 

Thickness 

10. (a) The thickness of the tap shall 
be determined in accord.aEce with the 
Standard General Methods of Testing 
Woven Textile Fabrics (A.S.T.M. Design 


for Testing Materials.^ . 

- (6) At least ten , measurements of 
thickness shall be -made on the samples 
used for the weight determination (Sec- 
tion 8) and the average and range of ' 
thickness recorded. 

Construction 

11. , (^) Ends , — The total number of : 
ends shall be determined for the Ml 
width of the tape. 

(6) Picks . — The number of picks shall 
be determined in a length of 1 in. 

(c) Number of Tests.— The number 
of ends shall be taken as that secured by 
making one determination per sample. 
The number of picks shall be taken as 
the average of three counts made at 
different places on the sample. An 
accepted thread counting magnifying 
glass shall be used in making the counts. 

Breaking Strength 

12. (a) The breaking strength of the 
tape shall be determined on a testing 
machine conforming to the Standard 
Specifications for Textile Testing Ma- 
chines (A.S.T.M. Designation: D 76) 
of the American Society for Testing 
Materials.® Test results, when speci- 
mens break in the clamps of the testing 
machine, shall be discarded. 

(J) The specimens in the direction of 
the warp shall be tested in full section 
and the initial distance between clamps 
shall be 3 in. 

(c) The specimens in the direction 
of the filling shall be tested by the grab 
method in accordance with Section 10 
of Standard Methods D 39® and the 
initial distance between the clamps 
shall be | in. 

• (d) At least five determinations of 

the breaking strength shall be made in 
each direction and the average of these 
five tests shall indicate the strength of 

the roll. 

« 1946 Book of A.S.T.M, Standards, Fart III-A. 
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Sizing Content . 

■ 13. Total sizing content , of the tape 
shall be determined in accordance with 
Section 5 of the Tentative Methods of 
Quantitative Analysis of Textiles (A.S. 
T*M, Designation: D 629) of the Amer- 
ican Society for Testing Materials.^ 
Tests shall be made on a composite 
sample of approximately 5 g. 

Acidity Test Apparatus 

14, (a) The acidity or alkalinity of 
tapes shall be determined on any stand- 
ard commercial quinhydrone pH indi- 
cator having a sensitivity and readability 
of 0.02 pH. A suitable and approved 
type of indicator, its preparation and 



Fig. L — Potassium Chloride - Calomel 
Electrode. 

maintenance, are described in the fol- 
lowing Paragraphs (b) to (m). 

(6) Potassium Chloride- Calomel Elec- 
trode.—A potassium chloride - calomel 
electrode assembly is shown in Fig. 1 
in which the outside tubes A and E 
together with the ground glass joint F 
comprise the salt bridge, while B is the 
calomel electrode. 

(c) Potassium Chloride.— ~k stock* 
solution of potassium chloride shall be 
prepared by adding special c.p. potas- 
sium chloride, free from bromate, to hot 


distilled water , until saturated and the 
solution allowed to cool The solution 
shall be kept in contact with solid potas- 
sium chloride. ' Before adding to the salt 
bridge the solution shall be cooled to the 
lowest temperature at which the test 
solution willbe used. This will prevent 
crystallization in the salt , bridge (luring 
use. 

(d) The quinhydrone used in the test 
shall have a quinone content within the 
limits of 49 to 51 per cent of the total 
weight. 

ie) Calomel Electrode, Cleaning,— -Tht 
calomel electrode, B, shall be cleaned by 
immersing the lower half in a HNOs 
solution (1:1) heating the solution 
gradually to 45 C. (113 F.), and allowing 
it to cool. The electrode shall then be 
removed from the acid solution and shall 
be washed thoroughly with distilled 
water, and finally with alcohol, and 
thoroughly dried. 

(/) Calomel Electrode, Filling,- The 

small bulb, D, of the calomel electrode 
shall be half filled with 1 to 1.2 g. of 
specially purified mercury by introduc- 
ing it through the hole C by means of a 
small pipette. Enough mercurous ch.lo- 
ride shall be introduced through C to fill 
the remainder of the bulb D, Two 
drops of saturated potassium chloride 
(Paragraph {c)) shall be added tO' mois- 
ten the mixture of mercury and mer- 
curous chloride. A small piece of filter 
paper shall be held with the finger over 
the hole C and the electrode shall be 
vigorously shaken to form, an em.ulsion 
of, the mercurous chloride and mercury 
globules. The electrode shall be placed 
in a small beaker containing saturated 
potassium chloride solution and allowed 
to stand until the excess calomel has 
settled into the bulb D, The electrode 
shall be tapped to remove air bubbles. 
No air shall be left , in the element B 
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after filling it with saturated potassium 
chloride solution. 

(g) Salt Bridge,’--FMts A and E of 
the salt bridge sli^ll be separately cleaned 
with chromic acid cleaning solution. 
The cleaned parts shall be thoroughly 
washed with distilled water, then with 
alcohol, and thoroughly dried. The 
salt bridge shall be assembled by in- 
serting tube E into tube A as indicated 
in Fig. 1. Enough saturated potassium 
chloride solution (Paragraph (c)) shall 
be added to fill the assembled salt bridge 


B shall be inserted in the salt bridge as 
indicated in Fig. 1, adjusting the posi- 
tion of B in the cork H so that the bulb 
D rests on the bottom of tube E. With 
the bulb D resting on the bottom of the 
tube E the level of the potassium chlo- 
ride solution shall be above the level of 
the solution being measured when the 
top of the ground glass joint F is at least 
I in. below the level of the solution being 
measured. 

(i) Maintenance, — The following 
points shall be observed in maintaining 



Fig. 2. — Quinhydrone pH Indicator. 


approximately one-third full. While 
holding the tube A in a fixed position 
the tube E shall be rotated a slight 
amount to allow a few drops of the potas- 
sium chloride solution to drain out and 
moisten the ground glass joint F. The 
tube 'E shall be seated gently with a 
downward twisting motion but not so 
firmly as to prevent maintaining a moist 
surface in the joint F since the film of 
potassium chloride solution around the 
joint F forms a part of the electrical 
circuit. . , 

(A) Assembly— The calomel electrode 


the calomel-electrode assembly in satis- 
factory working condition : 

(1) Inspect the breather hole K m 
the stopper H daily and see that it is 
kept open. 

(2) Flush the salt bridge daily by 
turning the tube E slightly to allow 
a few drops of the potassium chloride 
solution to flow out and reseating F, 
if necessary, as directed in Paragraph 
(g)- 

(J) Maintain the level of the potas- 
sium chloride solution as directed in 
Paragraph (A). 
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(4) If the calomel electrode appears ' 
to become insensitive (as is evidenced 
by the galvanometer pointer swinging 
freCj independent of changes in pH), 
flash the salt bridge as directed in (2) 
'■■above,.. ■■, 

. (j) Electrode^ or Gold,— A 

platinum or gold electrode for use with 
quinhydrone shall be prepared by fusing 
a piece of thin platinum or gold ribbon, 
about 1 sq, cm. in area, through the end 
of a glass tube. The glass tube shall be 
filled with ordinary mercury for contact 
witli the wire lead. 

(k) PotmHomeler, — The potentiom- 
eter shall be readable to at least 
0.001 V. 

(/) Gahammeier— The galvanometer 
shall be sensitive to at least 0.001 v. 

(m) Standard Cell and Battery , — A 
Weston or similar standard cell and a 
2-v. battery will be required. 

Acidity Test Procedure 

IS. {a) Apparatus Assembly . — Figure 
2 illustrates the apparatus set up show- 
ing the two electrodes on the right con- 
nected with potentiometric equipment 
and standard dry cell. 

(6) The solution for the acidity test 
shall be prepared by placing a 10-g, 
sample of the tape cut into pieces i in, 
square in a Soxhlet extractor and adding 
sufficient water to cover it. The extrac- 
tion shall be carried on for a period of 
2 hr. The solution thus obtained shall 
be transferred to a flask and diluted with 
recently boiled and cooled distilled water 
to give a volume of 250 ml The whole 
or any portion of this solution may be 
used for making the pH determination. 

(c) The potassium chloride-calomel 
electrode shall be inserted into the pre- 
pared test solution (Paragraph (5)) so 
that the end of the electrode extends well 


below .the level of the , solution. The 
platinum or gold electrode shall be im 
serted into the solution at the opposite 
side of the calomel electrode., , It shall 
be so placed that the gold or platinum 
of the electrode is well below, the level 
of the solution. Solid quinhydrone shall 
be added to the. test sa.mple until no 
more will dissolve. , Since quinhydrone 
is. not very soluble, only a small amount 
will be required. The electrodes, poten- 
tiometer, galvanometer, Weston or simi- 
lar standard cell, and the 2-v. battery 
shall be connected so as to measure the 
voltage between the electrodes (Fig. 2). 
The potentiometer and temperature 
readings shall be taken 2 min. after the 
immersion of the electrodes in the sam- 
ple. The pH value shall be determined 
from standard tables. During the whole 
procedure care shall be taken to prevent 
contamination of the test solution by 
gases which may be present in the sur- 
rounding atmosphere. Duplicate tests 
shall be made on composite samples of 
the tape and the pH value reported for 
each sample. 

Failure 

16. Failure of any of the tape to con- 
form to the requirements of the specifi- 
cations will make the shipment the sub- 
ject of complaint and disposition in 
accordance with the agreement between 
the purchaser and the seller. 

Referee Conditions 

17. In case of dispute, tests shall be 
made on material under standard condi- 
tions as defined in Section 2 of the 
Standard General Methods of Testing 
Woven' Textile Fabrics: (A.S.T.M. Des- 
ignation: D 39) of 'the ' Am.erican Society 
for Testing Materials.® . : 



Standard Specijications for 

CAST METHACRYLATE PLASTIC SHEETS, RODS, TUBES, 

AND SHAPES' 



A,S.T.M« Designation: D 702 -46 

Adopted, 1946.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 702; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover metha- 
crylate plastic sheets, rods, tubes, and 
other shapes produced by casting or 
machining cast blanks. These specifica- 
tions do not apply to heat-formed and 
molded parts and shapes, or sections 
that are made by assembling two or 
more pieces. 

Note. — ^The properties included in these 
specifications are those required to identify the 
types and grades of materials covered. There 
may be other requirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 


Types and Grades 

2. (a) These specifications cover the 


1 Under the staiidardizati®a procedw® oi the Society,; 
these specifications are .under .the jurisdictioa of the 
A.S.T.M. Committee. B-20 on Plastics. 

' By publication ol these .specifications* the American 
Society for Testing Materi.als.does not undertakt to insure 
anyone utilizing the specifications against liability for 
infringement oi betters Patent nor assume any such lia- 
bility, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1943 to 1946. 


following two types of cast methacrylate 
plastics: 

Type I . — General purpose material 
having a heat distortion temperature 
between 140 and 185 F. 

Type IL — ^Heat-resistant material 
having a heat distortion temperature 
over 185 F. 

{h) These specifications cover the 
following two grades of material: 

Grade L — ^Finished surface, having 
a highly polished surface. 

Grade 2.^Unfinished surface, hav- 
ing a frosted, sanded, or otherwise 
unpolished surface. 

General Requirements 

3. The size, shape, dimensional toler- 
ances, surface finish, and color shall be 
as specified by the purchaser in the 
contract or order (Note). 

Note. — Sheet material is available in the 
standard sizes shown in Table I and is subject to 
the permissible variations from the specified di- 
mensions shown in Table I. 

2® Editorially revised ia March, 1947. 



188 \ .Specifications, Cast Methacrylate Plastics (D 702-46) 


TABLE I.-STANBARD SIZES AND PERMISSIBLE 
VARIATIONS .FOR CAST METHACRYLATE 
PLASTIC SHEETS. 


Tli.ickness 


Noroinal/* 

ill.. 


().06(). 

0.080. 

0 . 100 . 

0.125. 

0.1501 

0.187J 

0.220 

0.250 

0.312 

0.375 

0.500, 


0,6251 

0.750 

0.875 

1.000 


1.12.5 
1.2.501, 
1.37.5f 
1.500 

1.62.5 
1.750 
1.875 
2 . 000 , 


Permissible Variations'^ 

Under 

Over 

0.010 in. 

0.010 in. 

0.010 in. 

0.010 in. 

0,012 in. 

0.012 in. 

().015 in. 

0.015 in. 

10 per cent 

lO i)er cent 

10 i)tir cent 

10 jter cent 


Width and 
Length, in. 


6 by 12 
12 by 12 
12 by 18 
12 by 24 
12 by 36 
12 by 48 
12 by 60 
18 by 18 
18 by 24 
18 by 36 
18 by 60 
20 by 50 
24 by 24 
24 by 36 
24 by 48 
24 by 60 
30 by 36 
36 by 36 
36 by 48 
36 by 60 
40 by 50 

6 by 12 
12 by 12 
12 by 24 
12 bv 36 
12 ]>y 48 
20 by 50 
24 by 24 
24 by 36 
24 by 48 
36 by 36 
36 by 48 
40 by 50 


" Sheet matoriul of thicknesses between 0.060 and 3,000 
in. other than tlio.se listed in I'uble 1 1 $ sometimes avail- 
able from si)ecific manufacturers. 

'^The permis.sible vurialion.s in thickne.ss api>ly at any 
point on the surface of the sheet. 

^ Sheet material is subject to permissible variations 
of plus or minus > is in. in width and length. 


Detail Requirements 

4. The materials shall conform to the 
requirements prescribed in Table II, 
with the exceptions 'noted .under the 
column on remarks, . , 

Sampling 

5. A sample shall be selected , from 
sheet I in. in thickness sufficient to 
determine conformance of the material 
to these specifications. In the case of 
materials that are normally processed 
only into special sizes and shapes from 
which the required test specimens can- 
not be cut, the test specimens shall be 
prepared specially from the material 
under conditions simulating those of the 
manufacture of the special size or shape. 

Methods of Testing 

6. The properties eniuneraled in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing 
Materials: 

(a) Conditioning 'Fest Speemem.— 
For those tests where conditioning is 
required, the test sjiecimens of metha- 
crylate plastics shall be conditioned in 
accordance with Functional Ih-occdure 
A of the Tentative Methods of (Condi- 
tioning Plastics and Electrical Insulating 


TABLE II.-DETAIL REQUIREMENTS FOR CAST METHACRYLATE PLASTICS. 



MUril 

Purpose 

1 

i Resistant 

Remarks 


1.48 

1.49 

1,51 

1.18 

' Clear material only. 

Index of refraction, nj) 

1.50 


1.18 

i Unpigmented material only. 

Specific gravity, 25/25 C. (77/77 F.) 

1.20 

1.20 

Light transmission, min., per cent. 

91 

91 

Grade 1, clear, colorless, materia! 
oniy.^ 

Grade 1, clear material only— not 
applicable to sheets over }i in. in 
thickness. 

Grade 1, fiat sheets only. 

Material M in. inThickness only. 

Haze, max., per cent 

3.0 

3.0 

Displacement factor (optical), max 

2S« 1 

25" 

Water absorption: 

Gain in weight, max. per cent. 

0,4 ' 

0.4 

Soluble matter loss, max., per cent 

0.1 

0.1 

Shrinkage, max., per cent 

1,0 

1.0 

Sheets only. 

Heat distortion temperature /min. . 

60 C. (HOF.) 
8SC.C18SF.) 
5800 

2 

85C.(18SF.) 

at 264 psi, fiber stress \max 


Tensile strength^ min., psi. 

6500 

2 ' 


Elongation at rupture, min., per cent 


Impact strength (Izod), min,, ft-lb. per in. of notch, .... 

0.4 

0,4 



® A displacement factor of 25 is equivalent to 7 min. of arc or 5^ iu. image displacement at 25 ft. 

® ThcligKt transmission characteristics of colored materials shall be agreed upon by the manufacturer and the pur* 
chaser, either on the basis of a visual matching of standard samples or by spectrophotometric means. 
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Materials for Testing' (A.S.T.M. Desig- 
nation: D 618)? 

(b) Test Conditions.: — The tests shall 
be conducted in the standard laboratory 
atmosphere of 25 =b 1 C, (77 ±,2 F.) 
and 50 zb 2 per cent relative humidity, 
unless otherwise specified in the testing 
methods or in these specifications. 

{c) Index of Refraction.' — Standard 
Methods of Test for Index of Refraction 
of Transparent Organic Plastics 
(A.S.T.M. Designation: D 542),^ using 
one of the exposed surfaces of the test 
specimen that has been given any neces- 
sary polish without gross removal of 
material. 

{d) Specific Gravity —Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792)? 

(d) Light Transmission^- -On grade 1, 

clear, colorless material, measure the 
light transmission in accordance with 
the Tentative Method of Test for 
Luminous Reflectance and Transmis- 
sion Characteristics and ("olor of Plas- 
tic M aterials ( A . S .T. M' . 'D esignation : 
D 791),^ It is recommended that meas- 
urements be made with a calibrated 
photoelectric device: 

(/) Haze. — Tentative Method of Test 
for Haze of Transparent Plastics by 
Photoelectric Cell (A.S.T.M. Designa- 
tion: D 672)/* except that the test 
specimens shall have a thickness not 
over I in. Haze shall be measured on 
grade 1 ■ clear material only. 

(g) Displacement F actor. — S tandard 
Method of Test for Surface Irregulari- 
ties of Flat Transparent Plastic Sheet 
(A.S.T.M. Designation: D 637),^ using 
test specimens consisting of flat sheets 
18 by 18 in. Measurements shall be 
made on grade 1 sheets only. 

(k) Water Absorption. — Standard 

" ® Appears in this publication^ see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 

'‘Editorially revised in January, 1947. 


Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: 
D 570),^ using the 24-hr. immersion pro- 
cedure and test specimens | in. in thick- 
ness. The test specimens shall be con- 
ditioned and reconditioned for 24 hr. 
at SO zb 3 C. (122 zb 5 F.). , 

(i) Shrinkage . — ^The procedure, for 
sheets only, shall be as follows: On the 
test specimen 12 by 12 in. mark two fine 
lines at right angles to each other 
entirely across the specimen from the 
mid-points of opposite sides. Across 
each of these lines place fine gage marks 
2 in. in from each edge of the specimen. 
Measure and record the distance between 
these gage marks to the nearest 0.01 in. 
Suspend the specimen from one edge in 
a circulating air oven, and heat at the 
recommended forming temperature for 
30 min. Remove the specimen from the 
oven and allow to cool to room tempera- 
ture while in the suspended position. 
Remeasure the distance between the 
gage marks and calculate the shrinkage 
as the percentage change in distance be- 
tween the gage marks based upon the 
original distance. With suitable modi- 
fications of technique, other forms be- 
sides sheets may also be tested by this 
method. 

{]) Heat Distortion Temperature . — 
Tentative Method of Test for Heat Dis- 
tortion Temperature of Plastics (A.S. 
T.M. Designation: D 648)? The test 
specimens shall be taken from material 
as received. Any square, rectangular, 
or cylindrical test specimen may be used, 
but the test load used shall be calculated 
on the basis of a center-loaded beam in 
which the outer fiber stress produced is 
264 psi. Pieces of thin sheets | in. in 
width may be stacked and bound to- 
gether to form a test specimen approxi- 
mately i by I in. If such a specimen is 
used, it shall be loaded parallel to the 
width of the assembled pieces. 
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(^) and EUngation 

Tentative. Me of Test 
for ' Tensile Properties of Plastics 
(A*S.T*M« , Designation: , D 638).® The 
test specimens , shall be taken from 
material as received and determina- 
tions; made on at least five specimens' 
and the .results averaged., 

(f) Impact Strength (Izod ). — Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256),® The test speci- 
men shall be taken from material as 
received. 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions. It is recommended that routine 
inspection be limited to the following: 

F0r Sheets: 

Thickness and dimensionSs 
Appearance, 

Displacement Factor, and 
Distortion Distance. 

For Rods and Tuba: 

All dimensions, and 
Appearance. 

The purchaser shall state in the con- 
tract or order the tests which the manu- 
facturer will be required to make on 
each shipment for identification of the 
material. 


Retest and Re jectton ' 

8. If the results of any test do not 
conform to the requirements prescribed 
in these ' specifications, at the option of 
the manufacturer that test; shall 'be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform, to the re-, 
qiiirements specified. If either of these, 
two additional sets of specimens fails, 
the material may be rejected at the 
option of the purchaser. Notice of fail- 
ure of material based on tests made in 
accordance with these specifications shall 
be reported to the manufacturer within 
three weeks from the receipt of the 
material by the purchaser. Any mate- 
rial which it is claimed has failed to 
conform to the requirements of these 
specifications shall be retained in the 
original packages until proper dispo- 
sition has been ag,reed upon by the 
.manufacturer and the purchaser. 

Packing and Marking 

9. (a) Pa^;/^iwg.-“-The materia.1 shall 
be packed in standard co.m,mercial con- 
tainers, so constructed as to insure ac- 
ceptance l)y common or other carriers 
for safe transportation at the lowest rate 
to the point of delivery, unless otherwise 
specified in the contract or order. 

(b) M Shipping containers 
shall be marked with the name of „ the 
material, type, grade, form,, and ,the 
quantity contained therein, as defined 
by the contract or order under, which 
shipment is made, the .name of the 
manufacturer, and the number of the 
contract or order. 
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A,S,T,M. Designation: D 705 - 46 
Adopted, 1946.^ 

This Standard of the American Society for Testing Materials is issued under 
tlie iixcd designation D 705; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover thermo- 
setting molding compounds consisting of 
a urea-formaldehyde resin binder that 
has been intimately combined in the 
uncured or partially cured condition with 
fillers, pigments, and other chemical 
agents. 

Note. — ^The properties included in these 
specifications are those required to identify 
the types of molding compounds covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Type and Grades 

2. These specifications cover a t]ype of 
urea-formaldehyde molding compound 
available in the following three grades; 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-20; on Plastics. 

By publication of these specifications, the American 
Society for. Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor, assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be in volved. , 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1943 to 1946. 


Grade L — general purpose molding 
compound with alpha cellulose filler. 

Grade 2,—h general purpose molding 
compound with cellulose filler other 
than alpha cellulose. 

Grade 3 . — ^An arc-resistant molding 
compound with cellulose filler. 

General Eequirements 

3. (a) The molding compounds shall 
be of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(b) The apparent density, bulk fac- 
tor, flow, particle size, and color shall be 
as specified by the purchaser in the con- 
tract or order. 

Detail Requirements 

4. Test specimens molded by com- 
pression under conditions specified by 
the manufacturer shall conform to the 
requirements as to physical and elec- 
trical properties prescribed in Table I. 

Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
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procedure described in the Standard 
Methods of Testing' Molding Powders 
Used in Manufacturing Molded Electri- 
cal' Insulators (A.S.T.M. Designation: 
D 392) of the American Society for 
Testing Materials.® A batch of molding 
compound , shall be considered as a unit 
of manufacture as prepared for shipment 
and may consist of a blend of two or more 
^'production rims’’ of material. 


TABLE I.-BETAIL REQUIREMENTS FOR 
COMPRESSION MOLDED TEST 
SPECIMENS. 




Grade 1 

Grade 2 

[ 

Grade 3 

Specific gravity, 

/min 

i 1.45 

1.45 

1.45 

2S/2S C. (77/77 F.)\max 

1.55 

1.55 

1.55 

Flexural strength, mm., psi. .. 
Impact .Vrength (Issod), mm., 

10 000 

i 10 000 

I 10 000 

ft-lb. per in. of notch 

Water absorption (24-hr* im- 
mersion), max. weight gain, 

0.20 

0.20 

0.20 

jpcr cent 

Dielectric 

'short-time 

3.0 

3.0 

3.0 

strength j min.,, 
V. per mil 

1 ' test.. 

1 step-by-step 

300 

300 

300 

i test 

250 

250 

250 

Arc resistance, ni.in., sec 
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Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Mate- 
rials: 

(a) CofidUiofdng Test Specimens . — 
For those tests where conditioning is 
required, the molded test specimens of 
urea-formaldehyde shall be conditioned 
in accordance with Functional Procedure 
A of the Tentative Methods of Gondi- 
tioning Plastics and Electrical Insulating 
'Materials for Testing: (A.S.T.M. Desig- 
nation: D 618).® 

{h) Test CondUions.^^ shall be 
conducted in the standard laboratory 
atmosphere of 25 1 C, (77 dz 2 F.) 

and SO i 2 per cent relative humidity, 
unless otherwise specified in the testing 
methods or in these specifications. 

(c) Specific Uraiyi/y.—- Method A of the 
Tentative Methods of Test for Specific 

• Appears in this pubHcatioiij see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792).® 

(d) , Flexural 57re«gl/L~Tentative 
Methods of Testing Molded Materials 
Used for Electrical Insulation (A.S.T.M. 
Designation: D 48).® 

(e) Impact . Strength ,(7*^^^) “Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256),® except that the 
test specimen shall be built up of four 
pieces each | by | in. in cross-section. 

(/) Water Absorption . — Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation : D 570),® 
using the 24-hr. immersion. 

{g) Dielectric Sifmgth.--Stim(hxd 
Mothods of Test for Dielectric Strength 
of 'Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: I) 149),® except that 
the test specimens shall be compression 
molded disks or plates | in. in thick- 
ness, conditioned for 48 hr. at 25 d= 1 C. 
(77 dfc 2 F.) at 50 zfc: 2 per cent relative 
humidity, and tested under the same 
conditions. 

(h) Arc Resistance,. ' — Standard 
Method of Test for Arc Resistance of 
Solid Electrical Insulating Materials 
(A.S.T.M. Designation: I) 495).® 

Number of Tests 

7. One set of test specimens as 'pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
■for the specimens tested shall conform to 
the requirements prescribed in these 
specifications. All of the tests in Sec- 
tion 6 shall be, used to,, establish, con- 
formity of 'a material to .these .specifica- 
tions. It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
■ ■ satisfaction 'of the . purchaser. ; The pur- 
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chaser shall state in the contract or order 
the tests which the manufacturer will 
be required to make on each shipment for 
identification of the material. 

Retest and Rejection 

8. If the results of any test do not con- 
form to the requirements prescribed in 
these specifications j at the option of the 
manufacturer that test shall be repeated 
on two additional sets of specimens from 
the same batch or shipment, each of 
which shall conform to the requirements 
specified. If either of the two additional 
sets of specimens fails, the batch of mold- 
ing compound may be rejected at the 
option of the purchaser. Notice of 
failure of material based on tests made in 
accordance with these specifications 


shall be reported to the manufacturer 
within three weeks from the receipt of 
the material by the purchaser. 

Packing and Marking 

9. (a) Packing , — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest 
rate to the point of delivery, unless 
otherwise specified in the contract or 
order. 

(6) Marking . — Shipping containers 
shall be marked with the name of the 
material, grade, and the quantity con- 
tained therein, as defined by the contract 
or order under which shipment is made, 
the name of the manufacturer, and the 
number of the contract or order. 



Standard Method of Test for 
RESISTANCE OF PLASTICS TO CHEMICAL REAGENTS' 



A.S.T.M. Designation; D S43 - 43 

Adopted, 1943.® 

Thus Standard of the American Society for Testing Materials is issued under 
the fixed designation D 543; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method is intended for the 
testing of all organic plastic materials, 
including cast, hot-molded, cold-molded, 
laminated resinous products, and sheet 
materials, for resistance to chemical 
reagents. It includes provisions for 
reporting changes in weight, dimensions, 
and appearance, but does not cover 
changes in strength characteristics, elec- 
trical properties, and the Hke. It is 
intended that the effect of chemicals on 
these latter properties shall be deter- 
mined by making measurements on the 
standard specimens for such tests before 
and after immersion in the reagents 
listed herein. In using this method to 
evaluate the resistance of plastics to 
chemical reagents, it is recommended 
that the impact strength of the plastics 
before and after immersion in the 
selected reagents also be determined and 
reported in accordance with the Tenta- 
tive Methods of Test for Impact 


1 Under the standardimtion procedure o! the Society, 
this method is ujader the jurisdictioii of the A,S.T.M. 
Conamittcft D-20 on Plastics. 

> Prior to adoption as standard, this method was puh* 
Ikhed tiii tantativ® from 1939 to 1943. bcinsE revised m 1941. 


Resistance of Plastics and Electrical 
Insulating Materials (A.S.T.M. Designa- 
tion: D 256) of the American Society 
for Testing Materials.® 

Note:. — The limitations of the results 
obtained from this test should be recognized. 
The choice of types and concentrations of re- 
agents, duration of immersion, temperature of 
the test, and properties to be reported upon is 
necessarily arbitrary and serves primarily as a 
guide to investigators wishing to compare the 
relative resistance to chemicals of various 
plastics. For applications involving continuous 
immersion, the data obtained in a short-time test 
are of interest only in eliminating the most 
unsuitable materials. Those with special prob- 
lems in the application of plastics under corrosive 
conditions must fit to their special needs the 
particular compounds and concentrations em- 
ployed, the duration of contact, the temperature 
of the system, the physical measurements made, 
and other experimental factors involved in 
determining the serviceability of the plastics. 

Apparatus 

2. The apparatus shall consist of au 
accurate chemical balance, containers 
for. test specimens, and . a . cabinet ' for 
maintaining a temperature between 77 F, 
(25 C.) and 86 F. (30 C.). 

s Appear? in this publication, see Contents in Numeric 
Sequence of A.S.X.M. Designations at front of l>ook. 
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Standard Reagents^ 

3. (a) Sulfuric Acid {30 per cent ), — ■ 
Slowly add 199 :mL (366 g,) of H2SO4 
(sp. gr. 1.84) to 853 ml. of water. 

{h). Sulfuric ' Acid (3 per cent ), — 
Slowly add 16.6 ml. (30.6 g.) of H2SO4 
(sp. gr. 1.84) to 988 ml' of water. 

{c) Soditml Hydroxide Solution {10 
per Dissolve 111 g. of NaOH in 

998 ml. of water. 

{d) Sodium Hydroxide Solution {1 per 
cent), — Dissolve 10.1 g. of NaOH in 

999 ml of water. 

{e) Ethyl Alcohol {95 per cent),-— 
Undenatured ethyl alcohol. 

(/) Ethyl Alcohol {50 per cent ). — 
Add 598 ml. (482 g.) of 95 per cent 
undenatured ethyl alcohol to 434 ml. of 
water. 

(g) Acetone, 

{h) Ethyl Acetate^ c,p, 

{i) Ethylene Dichloride, 

(/) Carbon Tetrachloride, c,p, 

{k) Toluene, 

(/) Heptane, — Commercial grade, boil- 
ing range 90 to 100 C. 

{m) Sodium Chloride Solution {10 
per cent), — Add 107 g. of NaCl to 964 
ml. of water. 

{n) Distilled Water. — Freshly pre- 
pared. 

Supplementary Reagents^ 

4, {a) Nitric Acid {10 per cent ), — 
Add 108 ml (153 g.) of HNO3 (sp. gr. 
1.42) to 901 ml. of water. 

(5) Hydrochloric Acid {10 per cent).— 
Add 239 ml. (283 g.) of HCl (sp. gr. 
1.19) to 764 ml. of water. 

{c) Acetic Acid (5 per cent ), — Add 
48 mi. (50.5 g.) of glacial acetic acid 
(sp. gr. 1.05) to 955 ml. of water. 

{d) Oleic Acid, c.p, 

{e) Ammonium Hydroxide {10 per 


cent),—Add 375 ml (336 g.) of NH4OH 
(sp. gr. 0.90) to 622 ml. of water, 

(f) Sodium Carbonate Solution {2 per 
cent ). — Add 55 g. of Na2CO3‘10H2O to 
964 ml. of water. 

(g) Hydrogen Peroxide Solution {3 
per cent, or U.S.P. 10 volume),— Add 
98 ml (108 g.) of commercial grade 
(100 volume or 28 per cent) hydrogen 
peroxide to 901 ml of water. 

Test Specimens 

5. {a) The test specimen for molded 
materials shall be in the form of a disk 
2 in. in diameter and | in. in thickness 
when comparison with values for other 
plastics is desired. The surface area of 
this standard disk is 7.068 sq. in. 

{b) The test specimen for laminated 
and sheet materials shall be in the form 
of a bar 3 by 1 in. by the thickness of 
the material, which shall preferably be 
I in. when comparison with values for 
other plastics is desired. The surface 
area of the standard bar is 7 sq. in. 
The permissible variation in thickness 
of the standard | in. thick specimen used 
in this test shall be plus or minus 0.008 
in., and the permissible variation in 
total surface area exposed shall be 
plus or minus 5 per cent. The cut 
edges of the specimens shall be made 
smooth by machining or by finishing 
with No. 0 or finer sandpaper or emery 
cloth. 

Procedure 

6. {a) The plastic shall be tested in 
all of the standard reagents and any 
specified supplementary reagents. 
Three specimens shall be tested in each 
reagent. Each specimen shall be 
weighed separately in the as-received 
condition. The thickness at the center, 
and the length and width or both 
diameters shall be measured to the 
nearest 0.001 in. 


* Directions for preparation of reagents are for approxi- 
mately 1 liter quantities. All percentages are by weight. 
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(J) , The: specimens shall not be com 
ditioned, : but shall be tested in the 
as-received, ' condition. Each specimen 
shall be placed in a separate container 
and., totally immersed in approximately 
60, ml, of reagent for 7 days at a tem- 
perature,, bet ween 25 and s30 C. The 
specimen shall be placed on edge in the 
container so that it is supported at an 
angle by the bottom and side wall of 
the container. The reagents shall be 
stirred every 24 hr. by moderate manual 
rotation of the container. 

(c) The specimens removed from acid, 
alkali, and miscellaneous solutions shall 
be washed with running water, wiped 
with a dry cloth, and weighed without 
delay in a closed weighing bottle. The 
thickness at the center, and the length 
and width or both diameters shall be 
measured immediately after weighing. 

(d) The specimens removed from sol- 
vents shall be wiped dry with a cloth. 
Some specimens may remain tacky due 
to dissolved material on the surface or 
solvent absorbed throughout the speci- 
men. This condition cannot be avoided. 
The specimens shall be weighed and 
measured immediately after wiping, as 
specified in Paragraph (c). 


Report 

7. The report shall include the follow- 
ing information for each specimen tested 
in all the standard reagents and any 
specified supplementary. reage,nts: 

(1) The initial thickness in inches, 
measured at the center' to the nearest 
0.00! in., 

(2) The percentage loss or gain in 
weight during immersion for 7 days 
(Note 1), calculated to the nearest 0.01 
per cent, taking the as-received weight as 
100 per cent, 

Note. —For some samples, absorption of the 
reagent over the 7-day immersion period is 
nearly balanced by the removal of soluble 
constittients from the plastic. This type of 
behavior is exposed by comparing the original 
weight of the specimen with its weight when 
dried for 7 days after immersion. A final weight 
lower than the original weight indicates removal 
of soluble constituents. 

(J) The percentage increase or de- 
crease in the length and width or 
diameters, and the thickness during 
immersion for 7 days, taking the as- 
received dimensions as 100 per cent, and 

(4) The general character of the 
specimen after immersion. 
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DIFFUSION OF LIGHT BY PLASTICS^ 



A.S.T.M. Designation: D 636 - 43 

Adopted, 1943.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 636; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test is designed 
to differentiate the relative ability of 
plastics to diffuse light and is applicable 
to materials that scatter incident light to 
an appreciable extent (diffusion). It is 
not successfully applicable to the meas- 
urement of low ranges of scattering 
(haze) which are associated with slight 
departures from optical clarity. 

(b) An instrument and procedure are 
described for measuring the reflective 
and transmissive diffusion of a beam of 
light by a flat test specimen of the 
plastic, the face of which is essentially 
normal to the axis of the light beam, with 
numerical means for rating the scattering 
or diffusion in terms of a theoretically 
perfect light-scattering surface or 
medium.' . 

.Apparatus , 

2. (a) The apparatus shall consist of 
a goniophotometer, the axes of the active 
elements: of which operate in a hori- 
zontal plane . that^ passes through the 

* Under the staadardiasation procedure of the Society, 
this' method is under the jurisdiction of the A.S.T.M. Com* 
mittee, D'20 on Plastics. 

» Prior to ^adoption as standard, , Uiis method was pub- 
iiahcd as tentative from 1941 to 1943, 


center of the test specimen. The active 
elements shall consist of a light source 
and optical system so oriented as to 
illuminate the face of the test specimen 
at its center, a specimen holder which 
locates the test specimen normally to the 
axis of the light beam (except as modified 
by Paragraph (6)), a photosensitive re- 
ceptor fixed to a radius arm which has 
the vertical axis of the face of the speci- 
men as its center of rotation, a galva- 
nometer for indicating the current flow 
in the receptor circuit, and an enclosure 
or other means for excluding extraneous 
light. These units shall be combined 
into one instrument in accordance with 
the requirements prescribed in Para- 
graphs ,(J) to (g): 

(b) Angle of lUuminaiion of Face of 
Specimen— Tilt axis of the light beam 
shall meet the center of the face of the 
specimen normally, except in the hori- 
zontal plane, where it shall be displaced 
3 deg. in a counterclockwise direction. 
This angle allows the receptor element to 
intercept the center of any specularly 
reflected component from the specimen, 
without interfering with the beam leav- 
ing the source. 


i 
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{c) Angular Spread' of Light Beam * — 
The., light beam shall be, suitably con-- 
trolled so that its divergence does not 
..exceed 6. deg. 

[i) Characknsiics of Light Source and 
The light source shall be an 
incandescent^ tungsten filament operat* 
ing at a temperature between 2800 and 
3000*^ Kelvin or any other source that 
approximates closely the color tempera- 
ture of a tungsten filament at the above 
temperature. The receptor shall have 
a spectral sensitivity proportional to the 
luminosity function of the standard 
I.C.I. observer. Other equivalent 
source-receptor combinations may be 
used. 

Note i. — A T-S, 100-w. projection lamp, 
operating at its rated voltage, combined with a 
Pliotox barrier-layer photocell approximates the 
specified source-receptor combination. Any 
other combination that will give the same results 
as the standard is also considered equivalent. 

{e) Receptor Unit,— The receptor unit 
shall consist of a movable arm carrying 
at its outer end the photocell held verti- 
cally facing the center. The movable arm 
shall be of sufficient length so that the 
photocell may just intercept the center 
of any specularly reflected component 
without interfering with the beam leav- 
ing the source. The photocell surface 
shall be covered by a mask containing a 
vertical slot that subtends 2 deg. at the 
center of rotation. The receptor unit 
shall be rotatable about the specimen 
through two quadrants from an angle of 
3 deg. clockwise from normal to the face 
of the specimen (center of specularly 
reflected beam) through 174 deg., when 
the cell will be diametrically opposite the 
light source. 

Note 2: Warning.— At no time sbould the 
photocell be exposed to excessive light intensity. 
For barrier-layer cells, a safe maximum should 
be maintained by limiting the current output to 
100 microamperes per square inch of exposed 
photosensitive surface. This limit may be ob- 


, served by covering the cell opening with a neu- 
tral filter when necessary, which should then 
remain in place for , the .complete test (deter- 
mination of reflective or transmissive diffusion, 

, or both). A neutral gray photographic. negative 
is convenient 

(/) Instrument Enclosure and Baffling, 
•—The instrumeut may be .contained in 
its own lighttight enclosure or .may, be 
ope,rated in a darkened,- room with black 
walls, si.milar to a photographic dark- 
room. In the latter case the operator 
shall wear dark clothing, or stand behind 
the photocell, or both. The interior of 
any enclosure and all included instru- 
ment parts shall be painted a flat optical 
black. 

While .making measurements of diffu- 
sion by transmission it is necessary to 
shield the photocell from scattered light 
originatingin the first, or reflection quad- 
rant by a ])anie, not more than in. in 
thickness and of suitable height, sepa- 
rating the two quadrants. This baffle 
shall be of such a length that the photo- 
cell just clears the outside end, and may 
be, raised off the instrument base to a 
sufficient height to allow the receptor 
arm to pass underneath, . Both of these 
. openings shall be covered by a loose .flap 
of black opaque cloth or felt. 

At the point where the baffl,e passes* 

■ over the center of rotation of the re- 
ceptor arm, a circular hole shall be cut 
through,, against the back of which the 
face of the specimen shall be placed. 
The diameter of the hole shaU be 2 in. 
greater than that of the centered light 
beam. 

(g) Galvanometer,— A galvanometer of 
suitable sensitivity shall be employed in 
conjunction with the photocell for indi- 
cating the magnitude, of, current flow. 
■The receptor-galvanometer , circuit, shall 
be calibrated to obtain a . relationship' 
.between light incide.nt. on the ,se,nsitive 

■ surface and ;the „ corresponding ■ current, 
generated. 
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Note 3,— -WitE a barrier-layer cell, a suitable 
galvanometer is one having a sensitivity of about 
0.05 microamperes per millimeter and a period 
of about. 2 sec. This' may be shunted by a re- 
sistance to reduce its sensitivity when measuring 


peculiar to the physical properties of the. 
plastic to be tested (by compressiou 
molding, laminating, injection molding, 
casting, etc.). 



Fig. L — Dows-Baumgartner Double Quadrant Reflectometer. 


highly reflective or transmissive materials. If 
a galvanometer of 300 ohms or less internal 
resistance is employed with the barrier-layer 
type ceil, an essentially linear response is ob- 
tained between light flux and current. A 
calibration should be made in any case, how- 
ever, with and without any shunt that may be 
used. 

Note 4. "—Figure 1 shows an instrument de- 
vised by Dows and Baumgartner,® which has 
been modified to satisfy the requirements pre- 
scribed in Section 2. It is a double-quadrant 
goniophotometer embodying a light source con- 
taining a T-8 100-w. projection lamp, a photo- 
cell on a radius arm which is rotated by means 
of a geared shafting brought out to the front 
panel, toggle switches, and a galvanometer. 
The instrument is enclosed in a sheet metal body 
with an optical black interior. Figure 2 is a 
photographic view of the interior of the in- 
strument. 

Test Specimens 

3. (a) The test specimens shall be 
prepared in the customary manner 


s Uows and Baumgartner, “Two^ Photovoltaic^ Cell 
Photometers for Measurement of Light Distribution,” 
Tfmsmtions, Ilium. Engr. Soc., Vol. 30, p. 6 (19351, 



Fig. 2. — Interior View of Dows-Baumgartner 
Reflectometer. 


(6) The surfaces of the test specimens 
shall be essentially flat for purposes of 
measurement, except that, if the surface 
is configurated, the envelope of such con- 
figurations shall be flat. If diffusion by 
transmission is to be measured, the 
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second surface, or envelope thereof, shall 
be parallel to the. first., 

(r) llie thickness of the test specimen 
shall be 0.0s50 =h 0.005 in. for comparison 
purposes. If the surface is configurated, 
this; restriction shall not hold but the 
structure and depth of the configurations 
shall be noted. Other thicknesses may 
be employed, but only when necessary. 

(d) At least ten units of any configu- 
rated design shall be capable of location 
within the area of the beam of incident 
light.' 

(e) The test specimen shall be suffi- 
ciently large to cover completely the 
specimen hole of the instrument. 

Procedure 

4, (a) In making a measurement, the 
test specimen shall be positioned against 
the rear surface of the quadrant-sepa- 
rating baffle, covering the hole, and the 
light turned on. The photocell shall be 
positioned to give a full-scale or maximum 
reading on the galvanometer, at or near 
the specular angle, and any fluctuation 
or fatigue shall be noted. Fluctuation 
shall not exceed plus or minus 2.5 per 
cent of the reading after correcting for 
nonlinearity of galvanometer response 
(Section 2 (g)). 

Note. — ^Lamp voltage fluctuations may be 
minimized by employing a voltage-regulating 
device in the lamp circuit; 

(6) Measurements shall be made by 
either method A or method B. Method 
A includes the specularly reflected or 
transmitted component, while method B 
excludes it. The angles at which the 
center of the photocell is positioned to 
take readings for method A shall be as 
prescribed in Table I; for method B 
readings of groups 1 and 6 shall be 
omitted. 

(c) At the conclusion of a test by 
either method, the photocell shall be 
placed accurately in the starting position 


and a reading taken on the galvanome- 
ter. This final reading shall check that 
made at' the beginning of the test within 
plus or minus 2.5 per cent, or the test 
shall be repeated. 

(d) If the specimen ^ is patterned or 
configurated in body or surface texture 
in a manner that may cause orientation 
of its diffusive properties, , tests shall be 


TABLE L-POSrnONS FOR TAKING BRIG'HTNESS 
READINGS FOR METHOD A (INCLUDING 
SPECULAR COMPONENT). 


Group 

Range of Angle of 
Observation, deg. 

Intervals 

Between 

Readings, 

deg. 

From 

To . 

' 

3 

15 

„ 2 

2....... 

IS 

45 

5 

3 

45 

85 

10 

4...... . 

9S 

135 

10 

5 

135 

165 

,5 

O'* 

165 

177 

2 


® This group of readings sliaO be excluded Cor method B. 


made with each of the dissimilar axes of 
symmetry of the pattern in a vertical 
position and these positions sliall be 
noted. 

Numerical Evaluation of Diffusion 

5. (a) The brightness readings shall be 
plotted as ordinates on Cartesian coordi- 
nates, employing the corresponding angle 
for each reading as the abscissa. 

(b) A smooth curve shall be drawn 
through the points and extrapolated to 
zero at 90. deg. By means of a plaiiime- 
ter or other sufficiently accurate method, 
the areas under, the brightness-distribu- 
tion curve, separately for reflective and 
for transmissive determinations . {Sr and 
5f), shall be evaluated in any convenient 
or arbitrary units, from 3. to 90, deg. and 
from 90 to ,177 deg., respectively ,, (method 
A), or ,from 15 to 90 deg., and ,from 90 
to 165 deg. (method,B).. ^ 

(c) The area (5ma3;,) .melud.ed under. a 
horizontal straight line, at the maximum 
brightness reading shall be determined 
over the same'an,g.ular ex tent, and in the 
same units of area. This area is the 
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rectangle that includes the brightness 
distribution curve for the specimen, 
within the angular limits corresponding 
to method A or method B. 

(i) The reflective and transmissive 
diffusion values, Dra and Dta, as deter- 
mined by method A, shall be calculated, 
as required, by finding the ratio of Sra 
and5\o, respectively, to the correspond- 
ing as follows: 


Dm t;; (l) 

^max.ra 

..( 2 ) 


TABLE IL~TEST RESULTS FOR TYPICAL PLASTIC 
SPECIMEN 0.052 IN. IN THICKNESS. , 


Angle of 
Observation, 
deg. 

Galvanom- 

eter 

Deflection 

Angle of 
Observation, 

, deg. 

Galvanom- 

eter 

Deflection 

3 

8.40“ 

95. .... 

0.01 

5 

8.40® 

105...,. 

O.IO 

7 

5.30® 

US 

0.33 

9 

3.82“ 

125. .... 

0.52 

11. .. 

3.28“ 

135..... 

0.70 

U 

3.15“ 

140. .... 

0.78 

IS .... 

3. OS 

145, .... 

0.87 

20 1 

2.90 

150. .... 

0.94 

25 

2.80 

155, .. .. 

1.01 

30 

2.65 

160 

1.06 

35 

2,46 

165 

1.09 

40 

2.31 

167..... 

1.10“ 

45 

2.10 

169 

l.Kf 

55 

1.71 

171 

1.10® 

65 

1.16 

173 

1,10“ 

75. 

0.61 

175 

• 1.10“ 

85 

0,11 

177 

1.10“ 


" This measurenjent is used in method A, but not in 
method B. 



Cf-'Pefiech've Diffusion Curve [Cf-Transmissm Diffusion Curve\ 



Angle of Observofion , deg. 

Fig. 3.— Brightness Distribution Curves for Typical Plastic Specmien. 


. Note 1: -Arbitrary ■ brightness 

readings obtained on a smooth homogeneous 
plastic specimen 0.052 in. in thickness are given 
in Table II. The relative brightness curves are 
plotted in Fig. 3. Curve Cr is the reflective 
brightness or difiusion curve, and curve Ct is the 
transmissive diffusion curve. 


It is seen that: 

Pro is evaluated by determining the ratio of 
the area included within TJVX to that in- 
cluded within UVWX, in accordance with 
Eq.l). 

Likewise Dta is evaluated by determining the 
ratio of areas UYX'.IJYZX; Drh hy 
U'V'XzUVW'X; Da, by U'Y'XiU'Y'ZX. 
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Fio. 4. — Graphical Comparison of Reflective Distribution Curves for Plastic Specimen. 


A summation of the areas under the curves 
gives the following values: 

For curve Cr, by method A, area 5ra *= 91.1 
sq, cm. 

For curve Ct, by method A, area Sta = 26.4 
sq, cm. 

For curve Cr, by method area Srb = 62.1 
. . sq. cm. 

For curve Ct, by method B, area Stu =19.8 
■ sq.cm. , 

The areas under the curve for the perfect 
diffusor ^Sflias.) is as follows: 

Stnax. ra ~ 365,4 sq. cm, 

Smaz. ta = 47,9 SQ. Cm. 

Smax. rb = 114.0 Sq. ClTl. 

Smax. tb = 41,3 sq. cm. 

The diffusion values for the material are 
therefore readily determined as follows: 

Sra 91.1 

=; 0.25, the reflective 

o05.4 

diffusing power by method A (including the 
specularly reflected component). 


Dta =* = Tz~ = 0.55, the transmissive 

Ornax, ta 47 .9 

diffusing power by method A. 

Srb 62.1 

^ ^ = 0.55, the reflective dif- 

Smax.rb 114.0 

fusing power by method B (excluding the 

specularly reflected component). 

^ Stb 19.8 , 

Dtb = — — «= ss 0.48, the transmissive 
Omax , «!!» 41,3 

diffusing power by method B. 

Note 2.-— It can be seen from the example in 
Note 1 that the choice of method A or method B 
depends upon whether or not there is a well 
defined specularly reflected or transmitted com- 
ponent and also, whether or not it is desired to 
show the overall diffusing power including this 
component or to indicate only the light scattering 
ability of the .specimen, independent of its sur- 
face characteristics. . Obviously, for a material 
having a matte surface, there is, little value in 
using' method A when the simpler method B 
.will give almost, the same result. Likewise 
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method B is to be preferred in transmissive 
diffusion measurements on a highly diffusive 
material. , , 

{e) If it is desired to compare graph- 
ically the diffusing properties of several 
specimens by means of their light distri- 
bution curves, the maximum brightness 
reading foruacli specimen shall be con- 
verted to 100 and the readings at other 
angles shall be modified in like ratio 
before plotting the points on Cartesian 
coordinates. The area under each curve 
is then proportional to the diffusing 
power of the specimen represented 
(Fig. 4). 

Report 

6. The report shall include the fol- 
lowing: 

(i) The diffusion values for trans- 
mission and reflection, as required, ex- 
pressed as a decimal, 


{2) The values of Dy and De expressed' 
to the nearest 0.05 above 0.50, to the 
nearest 0.02 from 0.25 to 0.50, and to 
the nearest 0.01 below 0.25, 

(J) The thickness of the specimen to 
the nearest 0.001 in., except as noted in 
Section 3 (c) for special and configurated 
materials, when the necessary dimen- 
sions and configurations shall be fully 
described, 

(4) The physical condition of one or 
both surfaces, depending on whether 
a determination is made only for Dr j or 
whether both Dr and Dt are measured, 
as described by one of the following 
terms: polished, smooth, matte, grained, 
pebbled, or configurated. If the ma- 
terial is grained, pebbled, or configu- 
rated, more than one set of results shall 
be reported, if necessary, orienting the 
specimen surface differently for each test 
as specified in Section 4 (d). 



Standard Method oj Test Jor 

FLAMMABILITY OF PLASTICS 0.050 IN. AND UNDER 
IN THICKNESS* 



AoS.T.M, Designation; D 568 - 43 
Adopted, 1943.* 

This Standard of the Anierican Society for Testing Materials is issued under 
the fixed designation D 568; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. Tliis method of test covers the 
procedure for determining the flamma- 
bility of plastics in the form of thin 
sheets or films O.OvTO in. and under in 
thickness. Two alternate methods of 
ignition are covered as follows: 

Method A * — Fusee Method, and 

Method iJ.— Benzol Drop Method. 

Hoxe 1,— For tests of plastics in the form of 
sheets or plates over 0.050 in. in thickness refer- 
ence shordd be made to the Standard Method of 
Test for Flammability of Plastics Over 0.050 in. 
in Thickness (A.S.T.M. Designation: D 635) of 
the American Society for Testing Materials.* 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Shield . — A shield constructed 
from sheet metal or other fire-resistant 
material, 12 in. in width, 12 in. in depth, 
and 30 in. in height, and open at the 
top. The shield shall be so constructed 
as to provide a ventilating opening 

* Under the standardbation procedure of the Society* 
this method is under the Jurisdiction of the A.S.T.M. 
Committee 0-20 on Plastics. 

* Prior to adoption as standard, this method was pub* 
lished as tentative from 1940 to W43, being revised in 1941 . 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


approximately 1 in. in height around 
the bottom and shall have a viewing 
window in one side, of suflicient size and 
in such a position that the entire length 
of the specimen under test may be 
observed. Because of danger due to 
breaking glass, it may be necessary to 
use heat-resistant glass for the viewing 
window. One side of the shield shall be 
hinged (or some other suitable form of 
construction used) so that the shield 
may be readily opened and closed to 
facilitate the mounting and ignition of 
the test specimen. 

(b) Clamp . — A spring type of paper 
damp for holding the test specimen in 
position. The holding damp shall be 
attached rigidly to the shield in such a 
manner that when the specimen is 
clamped therein it is centered within 
the shield facing the viewing window. 

Test Specimens 

■ 3. (a) Not less than six test speci- 
mens. 1 in.. In width by .12| in., in. length 
shall.be cut from'^ sheets' .of ."each of the 
materials being tested. The thickness 
of .the specimens shall be determined 'in 
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accordance with method B of the Stand- 
ard Methods of Test for Thickness of 
Solid Electrical Insulation (A.S.T.M. 
Designation: D 374) of the American 
Society for Testing Materials/^ 

(J) The test specimen shall be marked 
into .squares I in. on a side before the 
test ,is star.ted. . This marking may be 
.done by any convenient means, pro- 
vided ■ the markings are still visible on 
the unburned portion of the specimen 
after the test is completed. 

Method A . Fusee Method 
Procedure 

4. [a) ^ Fusee . — A pyroxylin plastic 
fusee material 0.010 dh 0.001 in. in 
thickness shall be used for ignition. 
The fusee material shall be made from 
pyroxylin having a nitrogen content of 
11 rb 0.10 per cent and containing 25 
per cent camphor. This material shall 
be cut into 1 in. squares for purpose 
of tests. 

(6) The 1 in. square piece of fusee 
material shall be affixed by means of 
acetone to one end of the test specimen, 
with an overlap of i in. In some cases 
it may be necessary to dry under slight 
pressure or to use a stapling device to 
fasten the fusee to the test specimen. 
After drying for 2 hr., exposed to the 
air at 25 3 C., the specimen shall be 

hung vertically, by means of the sup- 
porting clamp (Note 2), in approximately 
the center of the shield. The fusee shall 
be at the lower end of the test specimen. 
The specimen shall be clamped in such 
a manner that 12 in. of it is exposed 
below the clamp. The shield ‘shall be 
placed in a hood, with the ventilating 
fan turned off at the time of test. The 
square of fusee material shall be ignited 
by . means of a safety m.atch, and the 
.'door of .the shield shall be closed im- 
mediately (Note. 3). ' 

(c) The time required for the flame to 
either extinguish itself or to completely 


burn the test: specimen shall be deter- 
mined by means of a stop watch or 
timer, started at the instant of ignition 
of the fusee. The area of the specimen* 
that is burned or charred shall be meas- 
ured to the nearest J sq. in. The mark-, 
ings on the specimen may be used for 
estimating the amount of materiab 
burned. If material melts and drops 
from the specimen, the area melted shall 
be included in the burned area. The 
charred portion which drops off when 
touched with the fingers or in handling 
shall also be included in the burned area. 

Note 2. — Continued testing of highly flam- 
mable materials causes the holding clamp (Sec- 
tion 2 Q))) to become heated. It is recom- 
mended that after each determination the 
holding clamp be cooled to room temperature 
by means of a cloth soaked in cool tap water3 

Note 3. — It should be noted that for some 
materials the products of burning are toxic, 
and care should be taken to guard the opera- 
tor from the effects of these toxic gases. The 
ventilating fan in the hood under which the 
test is performed should be turned on immedi- 
ately after the test is completed in order to 
remove any irritating products of the test. 

(d) Another convenient method, which 
may be used for measuring the burned 
area in the case of materials that do not 
stretch under test, is to use a scale 12 in. 
in length by 1 in. in width ruled with 
lines into squares | in. on a side. The 
partially burned test specimen may be 
laid over this scale, and the amount of 
burned material estimated by means of 
the area of the scale left exposed. 

Method B, Benzol Drop Method 

Procedure 

5. (a) Benzol , — Ordinary laboratory 
grade benzene (CeHe) shall be used for 
ignition. 

(5) A drop of benzol shall be placed 
on die test specimen approximately I in. 
above the lower edge of the specimen, 
and allowed to run down to form a large 

♦This note wasAdded editorially in November, 1944. 
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drop OH; the blunt end without dripping 
■off* This- drop shall be ignited within 
7 sec*- after application to the^test speci- 
men with either of the following means: 
(i) A high potential, low energy spark 
such as delivered by an automobile 
ignition coil, or (2) A safety match. 
After ignition, the door of the shield 
shaU be closed immediately (Note 3). 

(c) The time required for burning and 
the area burned shall be observed in 


accordance with the procedure described 
in Section 4 (€) and (d) (Note 2). 

Report 

6. The report shall include the follow- 

ing: 

(1) Thickness of the material, 

( 2 ) ■ Length of time in seconds that 
the material continues to burn, 

( 3 ) Area in square inches of the 
burned portion of the test specimen, and 

( 4 ) Method of ignition. 



Standard Method of Test for 

FLAMMABILITY OF PLASTICS OVER 0.050 IN. IN 

THICKNESS* 



A.S*T.M* Designation: B 635-44 
Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 635; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the flammability 
of plastics in the form of sheets or plates 
over 0,050 in. in thickness. 

Note,— For tests of plastics in the form of 
thin sheets or films 0.050 in. and under in thick- 
ness reference should be inade to the Standard 
Method of Test for Flammability of Plastics 
0,050 in. and Under in Thickness (A.S.T.M. 
Designation: D 568) of the American Society 
for Testing Materials.® Flammability tests of 
sheet and plate insulation are covered in the 
Standard Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation (A.S. 
T.M. Designation: D 229) of the American 
Society for Testing Materials.® 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Test Chamber , — room or en- 
closure protected from air currents, but 
provided with means for venting the 
fumes from burning, specimens*. A hood 
may be used if its exhaust fan is turned 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D"20 on Plastics. 

* Prior to adoption as standard this method was pub- 
lished as tentative from 1.941 to 1944^ 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 


off during the test and allowed to run 
only periodically to clear out the fumes 
between tests. 

(b) Ring Stand , — A laboratory ring 
stand with two clamps. 

ic) Burner, — K bunsen burner or an 
alcohol lamp. 

(fi) Wire Gauze . — A piece of 20-mesh 
wire gauze, 5 in. square, 

(e) Stop Watch. 

Test Specimens 

3. (a) At least three test specimens 6 
in. in length by 0.5 in. in width and of 
the thickness of the material as normally 
supplied shall be cut from each of the 
materials being tested. The specimens 
shall be tested in the as-received 
condition. Special preconditioning may 
be agreed upon by the purchaser and the 
seller. 

{h) Each test specimen shall be 
marked by scribing two lines 1 in. and 
5 in. from one end of the specimen. 

Procedure 

4. (a) The specimen shall be clamped 
in a support, at the end farthest from 
the 1-in. mark, with its longitudinal axis 
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.horizontal,, and. .its transverse axis inclined 
at 45 deg. to the horizontal. ' Under the 
test 'specimen there shall be clamped a 
piece of 20-iB,esh biinsen burner gauze 
about 5 in. square, in' a horizontal posi- 
tion I in. below the edge of the specimen, 



Fig. 1. — Apparatus for Flammability Test. 


and with about | in. of the specimen 
extending beyond the edge of the gauze 
(see Fig. 1). 

(&) A buiiseii burner or an alcohol 
lamp with a flame | to f in. in height 
shall be placed under the free end of the 


test specimen and .adjusted so that, the 
.flame tip is just in contact with the 
specimen. At tlie end., of 30 sec. the 
flame shall be removed and the specimen 
allowed to burn, A stop watch shall be 
started when the flame reaches the first 
mark, 1 in. from the end,, and the time 
observed when the flame reaches, the 
S-in. mark. , .In. case the plastic,. does not 
continue, to burn after the first ignition, 
the burner shall be placed under the free 
end for a second period of 30 sec. im- 
mediately following the extinction of the 
flame. If the sample does not continue 
burning to the 5-in. mark after the 
second ignition, the sample shall be 
reported as self-extinguishing. 

Peport 

5. The report shall include . the 
following: 

(,/) The thickness of the material, 
( 2 ) Number of ignitions used, and 
(J) Rate of burning in inches per 
minute, average of three tests. 



Standard Method of Test for 
MAR RESISTANCE OF PLASTICS* 



A.S.T.M. Designation: D 673 -44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 673; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method of test is designed to 
measure the resistance of glossy surfaces 
to abrasive action. Since measurement 
of progressive optical deterioration of a 
glossy surface is involved, such, materials 
as molded and laminated plastics, paint 
and lacquer films, and plated coatings 
may be evaluated by this method. The 
test consists essentially of two steps as 
follows: 

(/) The production of a series of 
abraded spots on the surface of the test 
specimen, made by dropping increasing 
amounts of abrasive through a tube of 
fixed length, and 

(2) The measurement of the gloss of 
these abraded spots by an optical 
method and comparison with the original 
gloss.: 

Note. — S ince this method is intended for 
rating relative decrease in gloss, obviously only 
materials having originally high specular 
reflectance can be measured. " 


’i Under the standardissatioii procedure of the Society, 
this method is uuder^ the jurisdiction of, the A.S.T.M. 
Committee D-20 on Hastics. 

* Prior to adoption as standard, this method was pub- 
lished ^as tentative, from.' ,1942 to' 1944. 


Apparatus 

2. The apparatus shall consist of the 
following:® 

(a) Ahrader,—kn abrader, shown in 
Fig. 1, consisting of the following: 

(1) Tube , — A glass, metal, or plastic 
tube (A, Fig. 1) supported vertically 
through which the abrasive is dropped on 
a test specimen that is supported at an 
angle of 45 deg. to the axis of the tube. 
The tube shall conform to the dimen- 
sions shown in Fig. 2. 

(2) Hopper , — A hopper (B, Fig. 1) 
to distribute the feed of the abrasive 
in order to produce on the specimen an 
abraded spot nearly uniform in appear- 
ance over an area about f in, in diameter. 
The hopper shall be rotated at about 
7 rpm. and the abrasive fed from the 
hopper at a rate of about 200 to 250 g. 
per min. The details of constructiGn 
of the hopper are shown in Fig. 2. It 
may be formed from thin sheet metal 
with soldered seams. It shall have a 
double conical bottom with 6 holes 
0.070 in. in diameter arranged in a circle 

» Complete working drawings for this apparatus are 
obtainable at a nominal charge from the Headquarters of 
the American Society for Testing Materials, 1916 Race St., 
Philadelphia 3, Ta. 
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I in.' in diameter at the bottom edge, 
and 1 hole 0.070 in. in diameter at the 
apex of the middle cone. The inside of 
the hopper should be smooth and highly 
.polished. , ■ 

; (3) Ball , Bearing.— A ball bearing 
(C, Fig. 1 and 2) 2l in. in outside 
diameter and in. in inside diameter, 
with sealed balls. The outside ring 
of the bearing shall be rigidly held in 
position. 



rotating the hopper assembly at a speed 

of about 7 rpm. 

ip) Receptacle for . re- 

ceptacle (F, Fig. 1) about 8 by 8 by 8 in. 
to receive the abrasive. , A S-gal. can 
cut down to a. height of 8 in. will be 
satisfacto.ry. The receptacle shall be 
slotted on; two sides at an angle of 4x5 
deg, as shown in Fig. 1 to permit sliding 



(4) Brass or Copper Tube . — A brass 
or copper tube (see Fig. 2) about 1| in. 
in length fitted tightly into the bearing. 
The inside diameter shall be slightly 
over 1 in. to permit the top of glass 
tube A to extend up into it just below 
the lower edge of the hopper. To the 
tube shall be soldered 4 supports for 
holding the hopper in position. The 
projecting portion of the tube serves as 
a pulley to rotate the hopper assembly. 

(5) Electric lfo/of.-~-A smairelectric 
motor^ with built-in reducing gears for 


* A auitable electric rootor is the No. 9S2W/11 rpm,_of 


sheet specimens past the bottom, of the 
glass tube, 

(7) Support for Test Specimen.— A 
plywood board (£, Fig. 1), with spring 
clips to hold the test specimen, mounted 
in the receptacle at an angle of 45 deg. 
to the axis of the tube and directly 
under the tube. 

(8) Abrasive. — No. 80: . carborundum 
or an' equivalent abrasive.. ■ . 

Note. — has been found that continued 
use- of the same batch of abrasive gradually 
improves the values of abrasion resistance of a 
.given material,, possibly due to the breakings up 
of particles of the abrasive or by dulling their 
sharp cutting edges. An arbitrary limit of 50 
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after wHcii it should be discarded. It’ is also 
advisable to keep the abrasive well screened 
through a No. 60 (250-micron) sieve to remove 
extraneous matter ..such as lint, hairs, wood 
splinters, etc., and on a No. 120 (125-micron) 
sieve to remove the fine, broken-down particles 
and dust. 

(b) Glossmekr,---A light source and 
simpliiied form of glossmeter using a 
photoelectric cell as the active element 
and a galvanometer, as shown in Fig. 3, 
conforming to the following re- 
quirements: 

(i) Light Projector.— A model ‘‘M’’ 
SVE® projector to act as a light source. 
An extension tube made to permit the 


permanently mounted at an angle of 
45 deg. and so that the distance from the 
lens surface to the perforated film is 
about 12 in. A voltage regulator on the 
line leading to the projector is desirable 
but not essential if the voltage fluctua- 
tions are not of too great an amplitude 
or if they are not of short duration. 

(3) Receptor System . — A receptor sys- 
tem consisting of a lens, photoelectric 
cell, and galvanometer. A lens about 
to in. in diameter having a 4- to 
5-in. focal length (a duplicate of the 
projector lens may be used) shall be used 
to pickup the reflected beam and con- 



lens to form an image at a short distance 
shall be used. The size of the test 
spot used is determined by several 
circular holes ranging from | to | in. in 
diameter punched in a piece of blackened 
35-mm. film loaded into the projector. 
A diaphragm may be added to the front 
of the projector lens to regulate the 
quantity of light, independently of the 
size of the test spot. This may be a 
microscope condenser diaphragm with a 
opening for fitting over the pro- 
jector lens, or a series of caps with holes 
of various diameters in steps of V2 
may be used. The projector may be 


» The Society for Visual Education, 10 E. Ohio St. 


verge it sufficiently to impinge on the 
sensitive surface of the photoelectric 
cell The cell may be of any type 
having a linear current intensity rela- 
tion.® The galvanometer® shall be used 
for indicating the current flow in the 
receptor circuit. The receptor system 


« Any barrier layer cell having an active surface about 
1 in, in diameter may be used. A suitable cell is the No. 
732 Electrocell of Photovolt Corp., 95 Madison Ave., New 
York, N. y., and other suitable cells are manufactured by 
the General Electric Co., Schenectady, N. Y., and the 
Westinghouse Electric and Mfg, Co., East Pittsburgh, Pa. 
The galvanometer may be the General Electric No. 32C 
, 249025 with built in shunts with ranges of 10-5-2-1 or a 
similar instrument having an internal resistance of 300 
ohms or less. , 

Other suitable instruments that include both photo- 
electric cell and galvanometer are the Photrix Universal 
Photometer, model A, the Photovolt Corp,; and the 
Weston model 603 Illumination Meter with single No. 594 
cell, the Weston Electrical instrument Corp., Newark, 

XT T 
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may be fastened to a hinged arm with 
its^ .center in the plane of the test speci-' 
men and in line with the center of the 
illuminated spot, and shall have freedom 
of motion from the specular position at 
an angle of 45 deg, to the plane of the 
specimen to the off-specular position at 
an angle of 60 deg. to the plane of the 
specinien. When the glossmeter is as- 
sembled and a mirror placed in the posi- 
tion to be occupied by a test specimen, 
the circular incident light beam from the 
projector should be seen entering the 
receptor lens at the specular angle of 
45 deg. When the receptor is tilted 
upward 15 deg. to the off-specular angle 
of 60 deg., the specular beam shall just 
miss the receptor lens. The active sur- 
face of the photoelectric cell shall be 
masked to permit only the specularly 
reflected image of the spot to impinge 
on the ceil. 

Note. — The glossmeter described may be 
used to measure gloss on any type of surface, 
transparent or opaque. For testing of trans- 
parent sheets, some form of hazemeter or- densi- 
tometer may also be used. 

Test specimen 

3, The test specimen shall consist of 
any material with a flat surface at least 
2 by 2 in. in area for each determina- 
tion. A sheet 2 by 10 in. will be suf- 
ficient for five tests. 

Procedure 

4. (a) Five abraded spots shall be 
made on each test specimen (Note), and 
each succeeding spot shall be produced 
by using a larger quantity of abrasive 
than that used for the preceding one. 
The following amounts of abrasive are 
recommended: 


spot Abrasive, g. 

No, 1 200 

No. 2 400 

No. 3 800 

No. 4 1200 

No. S 1600 


Note. — For a quick test at a iqlld degree of 
abrasive action, the results obtained using 200 
or 400 g. of ab,rasive may give sufficient 

information. 

(b) Abrading Spemmsns. ---Tht 

test specimen shall be clipped to the 
supporting board, the hopper started 
rotating, , .and the proper amount . of 
abrasive poured into the hopper... When 
all of the abrasive has passed through 
the glass tube, the specimen shall be 
moved to another position, and the next 
succeeding amount of abrasive poured 
into the hopper to produce another 



Fig. 4. — Distribution of Reflected Light. 


abraded spot. In this manner, five 
abraded spots shall be produced, each 
by the respective amount of abrasive. 
It is recommended that a mild air blast 
be used to remove excess abrasive ad- 
hering to the surface of the specimen 
after the abraded spots have been 
produced. 

(c) Measiirement of Gloss . — ^The gloss 
of the abraded test spots shall be 
measured by means of the glossmeter 
and compared with the original gloss 
of the test specimen. The principle of 
operation of the glossmeter in measuring 
the gloss is based, upon ...The following 
optical behavior, of. .plane -.surfaces' as 
.shown in Fig. 4. ■ , A beam of light, inci- 
dent upon a mirror at an..;angle of 45^ deg. 
is 'reflected .specularly at 45 deg., and its. 
■polar -distribution" . will. ■■ have the^';- shape 
...of curve If -the' .mirror '''Surface 

is disturbed by abrasion, progressively 
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more light will be scattered on either 
side of the specular beam, and the light- 
distribution curve assumes the shape 
B 2 , approaching the uniform dis- 
tribution shown by curve C C'C 2 , which 
is characteristic of' a nearly perfect 
diffusing , surface such as . magnesium 
carbonate. If a lens is placed in the 
path of the reflected beam and the 
image of the illuminated spot focused 
on a photoelectric cell and readings of 
the intensity taken at the specular 
angle Ii and at an angle J 2 , IS deg. 
from the specular angle, then the ratio 
of the readings is a measure of the 
sharpness of the peak of the light- 
distribution curve or a measure of the 
gloss. The angle of 15 deg. off specular 
is selected because with the pre- 
scribed glossmeter the specular beam 
from a mirror surface just misses the 
opening of the collecting lens. 

Note. — F or strict comparisons of mar re- 
sistance characteristics, materials of nearly 
similar reflectance values should be used, for 
example, a comparison of two types of resin 
coatings in which one was an opaque white and 
another an opaque black would not be as valid 
as if both materials had the same general color 

Calculating Percentage Gloss 

5. (a) To avoid the complication of 
variability of photoelectric cell readings 
from surfaces of various original reflec- 
tivity and to minimize the effect of 
voltage variation on the light source, 
only the ratio of light intensity reflected 
at the two observation angles shall be 
used in the following formulas for calcu- 
lating percentage gloss: 

, Gloss, per cent « 100^ 

where: , ' . 

~ photoelectric cell reading , at the 
specular angle, , 

1% photoelectric cell reading at the 60 
deg. angle (15 deg. off specular), 
and 


Y = measure ' of ^ the sharpness of ' the^ 
^ ' peak of light distribution. 

From this formula, a reading of zero at 
the off-specular angle gives 100 per cent 
gloss, and equal readings at specular 
and off-specular angles give 0 per cent 
gloss. 

(5) In comparing abrasion character- 
istics of a series of materials which do 
not have the same original gloss, the 
initial gloss value of the unabraded sur- 
face shall be taken as 100 per cent, 
and the progressive deterioration ex- 
pressed in corresponding terms. 


Note. — Typical data are shown in the follow- 
ing table: 



Readings at: 

Gloss,® 

: per 
cent 

Percent- 
age of 

Abrasive, g. 

45 

Deg., 

h 

60 

Beg., 

h 

Orki- 

nal 

Gloss 

0 

93.5 

2.0 

97.9 

100 

200 

60.0 

4.0 

93.3 

95.4 

400 

43.5 

s.o 

88.5 

90.4 

800 

33.0 

6.0 

81.8 

83.S 

1200 

25.0 

6.0 

74.0 

75.S 

1600 

19.0 

6.0 

68.4 

70.0 



Gloss, per cent « 100 ( I 

Plotting Results 

6. The percentage gloss of the abraded 
spots shall be plotted against the re- 
spective amounts of abrasive used, to 
obtain a characteristic curve. Since 
such curves for different materials are 
often found to change slope irregularly, 
they may cross each other, and the rating 
of a series of different materials using 
a given amount of abrasive may not be 
representative of their relation at other 
amounts of abrasive. One way to ar- 
rive at an over-all performance is to 
average the percentage original gloss at 
the various amounts of abrasive, which 
would represent the area included be- 
tween the curve and the coordinate 
representing the amount of abrasive. 
(See Note, Section 4, (a)) 





Standard Methods of Test for 

INDEX OF REFRACTION OF TRANSPARENT ORGANIC 

PLASTICS^ 


m 

A.SXM. Designation: D 542 - 42 
Adopted, 1942.2 

lliis Standard of the American Society for Testing Materials is issued under 
the iked designation D 542; the final number indicates the year of original 
adQi)tion as standard or, in the case of revision, the year of last revision. 


Scope 

1, (a) These methods of test are in- 
tended for tte measurement of the index 
of refraction of transparent organic 
plastic materials including cast, hot- 
molded and sheet materials. 

(J) Two procedures, refractonietric 
and microscopic methods, are proposed 
in order to cover satisfactorily the maxi- 
mum range of indices found in these 
materials. The refractometric method 
is to be preferred wherever it is ap- 
plicable. 

Temperature Tests ■ ' 

2, Ail measurements should be made 

at a temperature of 25 5 C. If a ma- 

terial is found to have a high thermal 
coefficient of index, the temperature 
shall be accurately controlled to 25 C, 

Reeractometric Method 

Apparatus 

3, The apparatus for the preferred 
method shall consist of an Abbe re- 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the AiS.T.M. 
Committee D-20 on Plastics. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1939 to 1942, being revised 
in 1940. 


fractometer (Note 1), a suitable source 
of white light, and a small quantity of a 
suitable contacting liquid (Note 2). 

Note t.— Other suitable ref racto meters can 
be used with appropriate modification of 
procedure as described in Section 5, 

Note 2.— A satisfactory contacting liquid 
is one which will not soften or otherwise attack 
the surface of the plastic within a period of 2 hr. 
of contact. The index of refraction of the 
liquid must be higher, by not less than one unit 
in the second decimal place, than the index of the 
plastic being measured. 

The following liquids are suggested: 


Plastic Contacting Liquid 

Phenol formal- 
dehyde resin a-bromnaphthalene 

Cellulose acetate 
and cellulose f cassia oil 

nitrate janiseed oil 

[ix-bromnaphthalene 

Acrylic resins ..saturated aqueous solution of zinc 

chloride made slightly acid 

Vinyl resins® or-monobromnaphthalene 

Styrene resins saturated aqueous solution of potas- 

sium mercury iodide (Rohrbach’s 
solution).® 


® No liquid has been found to date which is entirely 
satisfactory for vinyl resins. 

® Avoid contact of this liquid with the skin or pro- 
longed contact with the metal parts of the refractometer. 

■ Note 3.'— In many cases a liquid as, suggested 
above is not available and a second rapid reading 
must be made on a fresh specimen after pre- 
liminary trial', ^ ■■ . . 
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Test Specimen mined in the same manner as for liquids. 


■ , 4. (a) The test specimen, shall be of a 
size such as will conveniently fit on the 
face of thc' fixed half of the refractometer 
prisms (Note 1). A specimen measur- 
ing 0.25 in. (6.3 mm.) by 0.5 in. (12.7 
mm.) on one face is usually satisfactory. 

(b) The surface to be used in contact 
with the prism shall be flat and shall 
have a good polish. A second edge 
surface perpendicular to the first and on 
one end of the specimen shall be pre- 
pared with a fair polish (Note 2). The 
polished surfaces shall intersect without 
a beveled or rounded edge. 

Note 1.— For maximum accuracy in the 
refractometer method the surface contacting 
the prism shall be quite flat. This surface can 
be judged for flatness, provided the specimen 
has been satisfactorily polished, by observing 
the sharpness of the dividing line between the 
light and dark field. A sharp, straight dividing 
line indicates a satisfactory contact of the 
specimen and prism surfaces. 

Note 2.-'Tt has been found possible to 
prepare a satisfactorily polished surface by hand 
polishing small specimens on an abrasive 
material backed by a piece of plate glass. Fine 
emery paper (for example, No. 000 Behr- 
Manning polishing paper) followed by a polish- 
ing rouge suspended in water on a piece of 
parchment paper have been used as the abrasive. 

Procedure 

5. The hinged illuminating prism shall 
be removed from the refractometer, if 
necessary. A source of diffuse light 
shall be placed so that good illumination 
is obtained along the plane of the sur- 
face of contact between the specimen 
and the refractometer prism. A small 
drop of a suitable contacting liquid shall 
be placed on the polished surface of the 
specimen and the specimen then placed 
in firm contact with the surface of the 
prism and with the polished edge of the 
specimen toward the source of light. 
The index of refraction shall be deter- 


This shall be done by moving the in- 
dex arm of the refractometer until the 
field seen through the eyepiece is one- 
half dark. The compensator (Amici 
prisms) drum shall then be adjusted 
to remove all color from the field. 
The index arm shall then be adjusted 
by means of the vernier until the divid- 
ing line between the light and dark por- 
tions of the field exactly coincides 
with the intersection of the cross hairs 
as seen in the eyepiece. The value of 
the index of refraction for the sodium 
D lines shall then be read directly 
from the instrument. The dispersion 
shall also be determined by reading 
the compensator drum and applying 
this figure, along with the index of re- 
fraction, to a chart or table supplied 
with the instrument. 

Note. — S odium light from some type of a 
sodium burner is of use in increasing the ac- 
curacy and ease of setting of the refractometer. 

Microscopic Method 

Apparatus 

6. The apparatus for the auxiliary 
method shall consist of a microscope 
having a magnifying power of at least 
200 diameters. This microscope shall 
be equipped with a means of measuring 
the longitudinal travel of the lens tube 
to within 0.001 in. 

Test Specimen 

7. The specimen described in Section 
4 will be satisfactory for use with the 
microscopic method if it is not too thick 
to permit focusing the microscope 
through the polished surface (having a 
fair polish). A small specimen taken 
from a sheet of the material may be 
used if it is about 0.25 in. (6 3 mm.) in 
thickness. 
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Procedtire, , 

. 8 , A specimen having two '.parallel 
'.surfaces shall be placed on the. measur- 
ing .'microscope, table -with' that surface 
having , the best polish placed nearest to 
the. objective. The. ' microscope shall 
then: be focused through the specimen 
.and 0,11 the. bottom surface.- The read- 
ing of the longitudinal displacement of 
the lens tube shall be noted to the 
nearest 0.001 in. or less. Without mov- 
ing the specimen, the microscope shall 
then be focused on the top surface of the 
specimen and the reading of the displace- 
ment again noted. The difference be- 
tween these two readings is the apparent 
thickness of the specimen. The index 
of refraction is found by dividing the 
actual thickness of the specimen by the 
apparent thickness. 

Report 

Report 

9. The report shall include the fol- 
lowing: 

(i) The name of the method used. 

{2) The index of refraction to the 
nearest significant figure warranted by 
the accuracy and duplicability of the 
measurement. If the index is specified 
to more than three significant figures, 
the wave length of light for which the 
measurement was made shall be spec- 
ified. 


Note. — In the case of nonisotropic materials, 
for example, injection and compression molded 
materials, tlie index ' observed by the Abb6 re- 
fractometer method will be the average value 
for a thin layer of small area at a point of con- 
tact near the center of the, re,fractometer prism. 
For a complete and accurate determination of 
the variation of the index throughout the test 
■ specimen it is necessary tomakethemeasu,,rement 
at more than one point on the surface .and 
within the body of the .material This can, be 
done by preparing a contacting surface both 
perpendicular and parallel to the molding, 
pressure or flow. After the test specimen Is 
contacted to the prism it may be translated 
carefully for short distances along the prism 
surface in the direction of the light source 
while the variation of index is followed with the 
refractometer. This procedure should be re- 
peated a sufficient number of times and for a suf- 
ficient number of specimens to determine the 
range of indices involved. The average value and 
the range of the index readings obtained from 
these specimens shall be reported if the range 
exceeds the accuracy of the measurement* If 
the variations in index is systematic with the 
orientation of the test specimen and if these 
variations exceed those found between specimens 
of the same material, the nature of these varia- 
tions shall be reported with the average value. 

Care should be taken to work rapidly to 
avoid changes in the refractive index of the 
plastic due to uts absorption of the contacting 
liquid. 

(3) The temperature in degrees Centi- 
grade at which the index was measured* 

(4) If available, the dispersion shall 
be reported along with the index of 
refraction. 
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SHEAR STRENGTH OF PLASTICS* 



A.S.T.M. Designation: D 732-46 
Adopted, 1946.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 732; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the punch 
type of shear test and is intended for use 
in determining the shear strength of 
test specimens of organic plastics in 
the form of sheets and molded disks in 
thicknesses from 0.005 to 0.500 in. 

Definition 

2. Shear Shear strength is 

the maximum load required to shear 
the specimen in such a manner that the 
moving portion has completely cleared 
the stationary portion. It is expressed 
in pounds per square inch based on the 
area of the sheared edge or edges. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Testing Machine . — Any suitable 
testing machine of the constant-rate- 
of-crosshead speed type. The testing 
machine shall be equipped with the 
.necessary drive meclianism for impart- 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D*20 on Plastics. 

» Prior to adoption as standard, this method was pub- 
lished as tentative;, from T943 to 1946. 


ing to the crossliead a uniform, con- 
trolled velocity with respect to the base. 
The testing machine shall also be 
equipped with a load-indicating mecha- 
nism capable of showing the total 
compressive load carried by the test 
specimen. This mechanism shall be 
essentially free from inertia-lag at the 
specified rate of testing and shall 
indicate the load with an accuracy of 
plus or minus 1 per cent of the indicated 
value or better. The accuracy of the 
testing machine shall be verified in 
accordance with the Standard Methods 
of Verification of Testing Machines 
(A.S.T.M. Designation: E 4) of the 
American Society for Testing Materials.® 
The machine shall be constructed of 
such material and in such proportions 
that the total elastic longitudinal strain 
of the system does not exceed 1 per cent 
of the total compressive strain of the 
test specimen at any time during the 
test and at any load up to the rated 
capacity of the machine. 

(b) Shear TooL—A shesiT tool of the 
punch type which is so constructed 
that the specimen is rigidly clamped 

» Appears in this publication^ see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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both, to the stationary block and mova- may be O.OOS to 0.500 in. The upper 

ble block so. , that ..it cannot be deflected and lower surfaces shall be parallel to 

during the: test, A suitable form, of each other and reasonably -flat, A hole 

shear tool is' shown in Fig. 1, approximately iV, in. in diameter shall 




Cross “Sectional View 

Fig. l.-”--Punch Type Shear Tool for Testing Specimens 0.005 to 0.500 in. In Thickness. 


Note,— I n case of difficulty in obtaining hardened dowels and bushings, the entire shear tool may be made 
from a fairly good grade of steel eliminating all of the bushings shown. The actual working surf aces will wear faster 
than when hardened tool steel is used. When they show signs of appreciable wear, the shear tool can then be bored 
out to take either hardened or unhardened bushings, depending upon which are available. 


Test Specimen 

4. The specimen shall consist of a 
2''in. square or a 2-in. diameter disk 
cut from sheet material or molded into 
this form. The thickness of the specimen 


be drilled through the specimen at its 

center. 

Conditioning 

5. The test specimens sha.ll be condi- 
tioned in accordance, with, the Tentative 
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Methods of Conditionmg Plastics and 
Electrical Insulating Materials for 
Testing (A.S.T.M.^ Designation: D 618) 
of . the , American Society for Testing 
Materials/ except that the time of 
conditioning .for miaterials conditioned 
in accordance with Functional Proce- 
dure A of Methods D 618 shall be limited 
to 48 hr. regardless of thickness, and 
materials may be tested, after cooling in 
a desiccator, as soon as room tempera- 
ture is reached. 

Procedure 

6. (a) Tests on materials conditioned 
in accordance with Functional Proce- 
dure A of Methods D 618 shall be made 
at room temperature maintained at 25 zb 
8 C. (77 zb IS F.), Tests on materials 
conditioned in accordance with the 
Standard Procedure of Methods D 618 
shall be made at 25 ± 1 C. (77 zb 2 F.) 
and at a relative humidity of 50 zb 2 per 
cent. 

(b) Five specimens sliall be used. 

(c) Tlie s|)ecimen shall be placed 
over the f-in. pin of the punch and 
shall be fastened tightly to it by means 
of the w.asher and nut. The tool jig 
shall then be assembled and the bolts 
tightened. 

(d) The crosshead speed of the ma- 
chine during test shall be 0.05 in. per 
min., measured when the machine is 
ru.nning idle. 

(<?) The punch shall be pushed down 


far enough so that the shoulder clears 
the specimen proper. The specimen 
will then be adjacent to the necked-down 
portion of the punch and it should be 
possible to remove the specimen readily 
from the tool. 

Note. — For thick specimens of some materials 
the punched-out piece tends to stick in the die. 
If the test is continued only to the point where 
maximum load has been developed and starts 
to fall off rapidly, the specimen may be readily 
removed from both punch and die. 

Report 

7. The report shall include the fol- 
lowing: 

(7) Complete identification of the 
material tested, including type, source, 
manufacturer’s code number, form, 
principal dimensions, previous history, 
etc., 

(2) Method of test, type of test 
specimen, and dimensions, 

(J) The atmospheric conditions in 
the test room, 

(4) The conditioning procedure used, 

(5) Diameter of punch, 

(6) The load in pounds required to 
shear each specimen, and 

(7) The calculated shear strength in 
pounds per square inch determined by 
dividing the load by the area of the 
sheared edge, which shall be taken as 
the product of the thickness of the 
specimen by the circumference of the 
punch. Report individual and average 
values, also the average deviation. 



Standard Method of Test for 

SPECTRAL CHARACTERISTICS AND COLOR OF OBJECTS 

AND MATERIALS' 

A.S.T.M. Designation: D 307 - 44 

Adopted, 1944.® 

This Standard of the American Society for Testing IMaterials is issued under 
the fixed designation D 307; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope . 

1, This method of test is intended to 
determine the spectral characteristics of 
light- transmitting objects and of light- 
reflecting objects and materials, and 
do designate their colors. 

Note 1. — The method of designating colors 
has come into wide acceptance since its recom- 
mendation in 1931 by the International Com- 
mission on Illumination.® It is intended prima- 
rily for light-reflecting and light-transmitting 
specimens whose spectral characteristics have 
been determined by the spectrophotometer, but 
it is also applicable to the expression of color- 
measurements by visual or photoelectric 
colorimeters: 

Note 2. —If portions of a test specimen to 
which the measurement applies are homogene- 
ous, the measurement is taken as characteristic 
of the material of the specimen; thus, a specimen 
consisting of an opaque paint film or an opaque 


rxjncier the standardization i^rocedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1Q29 to 1930, being revised in 1930. 
It was adopted as standard in 1930, published as stand- 
ard from 1930 to 1937, but revised and republished as 
tentative from 1937 to 1939, being revised in 1939, It was 
again adopted as standard in 1939, published as standard 
from 1939 to 1942, but revised and republished as tentative 
in 1942, 

* Prouedim^s, Eighth Session, Commission Internation- 
ale de PEclairage, Cambridge, England, September, 1931, 
pp. 19-29. 


layer of paper is a specimen of material (paint 
or paper). But if the effective portions of the 
specimen consist of two or more materials so 
combined that the measurement depends upon 
their arrangement, the measurement charac- 
terizes, not a material, but objects which are 
constructed from the same materials in the 
same way; thus, a specimen consisting of an 
incompletely hiding paint film on a ground coat 
represents, not a material, but simply a group 
of objects made from the superimposition of a 
particular finishing coat on a particular ground 
coat. A specimen of light-reflecting material 
shall consist of a layer so thick that further 
increase in thickness will not cause a change in 
appearance. 

Description of Terms and Symbols 

2. (a) Tristimulus Designations ^ X, 
F, :Z. — ^The evaluations of the, color as 
determined in accordance with this 
method. 

Note. — T he appearance of materials and 
objects is not completely defined by this evalua- 
tion of color, but may also be influenced by other 
properties such as texture and gloss. 

(6) Tristimulus Designations of a Spec- 
trum of Unit If radiance per .Unit W.ave 
Length, gx*-—The functions of wave 
length which serve to define the X, F, 
and Z scales. 
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Note.— -The functioiij j?x, is known as spec- 
tral luminosity. It evaluates the light-produc- 
ing capacity,, or luminous efficiency, of radiant' 
energy. ^ 

(c) Spectral Irradimcey Ex. — ^The den- 
sity. of radiant flux incident on an ele- 
ment of surface per unit wave length. 

Note.' — A source characterized by values of 
spectral irradiance constant throughout the 
spectrum is known as an *‘equal-energy source.” 

(d) Trisiimuhis Designationsj Xo, Fo, 
Zo.“*“The color designations of the 
standard used in the spectrophotometric 
measurements of the test specimen. 

(e) TrichromaHc Coefficients^ x, y, z . — 
Tristiinulus designations expressed as 
fractions of their total, as follows: 

X 

X S 2 

X ^ Y Z 

Y 

y s 

X + F -f Z 

Z 

* “ Z + F + 2 

(/) Spectral Transmission, Tx. — ^The 
ratio of transmitted energy to the spec- 
trally homogeneous energy incident on 
any test specimen. 

(g) Luminous Transmission, T ^, — 

The ratio of transmitted to incident 

light. 

Note.-— L uminous transmission is a function 
of the spectral distribution of the incident 
energy. It may be calculated from spectral 
transmission, 1 \ and the spectral luminosity, 
yx, as follows: 

' 00 

X rxTSxTXAX 

i, = _ — ^ 

0 

; . (ffi) Spectral Reflectance.— Tht ratio of 
the reflected energy to the spectrally 
homogeneous energy incident on any 
test specimen. 

Note. — Spectral reflectance depends upon 
the angular distribution of the incident energy. 


■■ (i) Spectral Reflectivity —The sptctTa.1 
reflectance of a test specimen: consisting 
of a layer of material of sufficient thick- 
ness that any increase would fail to 
change this ratio. 

Note. — Spectral reflectivity depends upon 
the angular distribution of the incident energy. 

(j) Spectral Apparent Reflectance.—^ 
The spectral reflectance which an ideal 
diffusing surface would need to possess 
in order to yield the same appearance as 
the test specimen under the same illu- 
minating and viewing conditions. 

Note. — Spectral apparent reflectance de- 
pends upon the angular distribution of the 
incident light and upon the direction of viewing, 

(fl) Spectral Apparent Reflectivity, Rx. 
— The spectral reflectance which an 
ideal diffusing surface would need to 
possess in order to yield the same ap- 
pearance as the test material under the 
same illuminating and viewing con- 
ditions. . 

Note. — Spectral apparent reflectivity de- 
pends upon the angular distribution of the 
incident light and upon the direction of viewing. 
It differs from spectral apparent reflectance 
only because it characterizes a material rather 
than a specimen. The ending “ivity” is cus- 
tomarily reserved for this meaning. 

(0 Luminous Reflectance. — ^The ratio 
of the light reflected by any test speci- 
men to that incident on it. 

Note. — ^Luminous reflectance depends upon 
the spectral and angular distribution of the 
incident energy. 

im) Luminous Reflectivity —Tho. lu- 
minous reflectance of a test specimen 
consisting of a layer of material of 
sufficient thickness that any increase 
would fail to change this ratio. 

Note. — ^Luminous reflectivity depends upon 
the spectral and angular distribution of the 
incident energy. 

{n) Luminous Apparent Reflectance. 
—-The luminous reflectance which a per- 
fectly diffusing surface would need to 
possess in order to appear exactly as 
bright as the test specimen under the 
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same illuminating and viewing condi- 
tions. 

. Note."— L uminous: apparent reflectance de- 
pends upon the spectral and angular distribution 
of the incident energy and upon the direction 
of viewing. 

(a) Apparent Reflectivity, 

i?s.— The luminous reflectance which a 
perfectly diffusing surface would need to 
possess in order to appear exactly as 
bright as the test material under the 
same illuminating and viewing con- 
ditions. 

Note.— L uminous apparent reflectivity de- 
pends upon the spectral and angular distribution 
of the incident energy and upon the direction 
of viewing. It may be calculated from spectral 
apparent reflectivity, R\j and the spectral 
luminosity, % as follows: 

00 

y] R \ E \ y\AX 

iJ, = J ^ 

eo 

^ E\y\Ai 
0 

(p) Spectral Characteristics . — ^The ap- 
propriate quantity as a function of wave 
length by means of which the test speci- 
men is characterized. Spectral trans- 
mission as a function of wave length 
characterizes a light-transmitting speci- 
men; spectral apparent reflectivity char- 
acterizes a light-reflecting material; and 
spectral apparent reflectance character- 
izes a light-reflecting object. 

Apparatus 

3. The apparatus shall consist of a 
spectrophotometer by means of which 
the spectral characteristics of the test 
specimen may, within the limits of the 
visible spectrum, be determined. Such 
apparatus may , be of either the visual 
or the photoelectric type, but shall be 
suitable for determinations throughout 
the visible spectrum. The apparatus 
shall be so designed as to provide for 
the elimination of stray energy. This 
may be done by such means as the in- 
troduction of stray-energy filters or the 
use of two dispersing prisms. 


Standards 

' 4. (a)' For transparent specimens, the 
incident light shall be used as a standard 
relative to which the transmitted light is 

evaluated. 

' (b) For, reflecting specimens, either of 
the following shall be used as a standard: 

(/) The ideal, completely reflecting, 
completely diffusing surface, or 

(2) A layer (at least 0.5 mm. in 
thickness) of magnesium oxide, freshly 
prepared by collecting the smoke from 
burning magnesium ribbon or shavings 
on a suitable surface. 

Note. — For further information regarding 
the preparation of fumed standards, see ‘‘Prep- 
aration and. Colorimetric Properties of a Mag- 
nesium-Oxide Reflectance Standard,” Letter 
Circular LC-547, Nat. Bureau Standards, 
March, 1939. 

Illumination and Viewing 

5. (a) The angular distribution of the 
light incident on the test specimen shall 
be specified, stating whether the lilu- 
mination is diffuse, nearly diffuse, or 
nearly unidirectional. If nearly uni- 
directional, the direction and angular 
size of the source shall be specified. Un- 
less there is a special reason for doing 
otherwise, light-transmitting specimens 
shall be illuminated only from directions 
near the perpendicular to the surface. 

(6) If a test specimen be viewed by 
reflected light the angular distribution 
of the light incident on it shall be identi- 
cal with that incident on any standard, 
such as a layer of magnesium oxide, 
with which it is compared. 

(c) The direction and angular size 
of the viewing element shall be specified. 

Note. — ^This method of measuring the spec- 
tral characteristics of a test specimen serves to 
specify those of its optical properties which are 
responsible for its color, subject, however, to the 
limitation that the color may depend upon the 
manner of illumination and viewing. For 
glossy samples in particular, it is important to 
specify the manner of illumination and viewing, 
and the most essential single characteristic is 
whether or not the specular component of re- 
flected energy is included in the measurement. 
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Since ' glossy samples .are customarily examined 
for color in such ,a .way. as to avoid specularly 
reflected light as much as possible, it is recom- 
mended that in these measurements also, the 
.specular component, be. ' e.xcluded- by proper 
choice of .illuminating, .and viewing conditions 
(such as 45“deg, illumination with perpendicular 
viewing, as recommended in 1931 by the Inter- 
national Commission on Illumination) or by 
.application of. a suitable correction. .It should 
be noted that .a light-reflecting specimen .re- 
quires for. ■specification of .its appearance, in 
addition.' to the above, some measure of its gloss. 
This procedure is beyond the intended scope of 
this method and such measurement of gloss 
shall be made in accordance with the Tentative 
Method of Test for Specular Gloss of Paint 
Finishes (A.S.l'.M. Designation: D 523) of the 
American Society for Testing Materials,^ 

Calibrations . 

6. (a) The calibration of the photome- 
ter scale, or other intensity-measuring 
unit, shall be carefully checked at rea- 
sonable time intervals in a manner to 
insure accuracy over the entire range. 

(b) The accuracy of the wave-length 
calibration shall be adequately checked 
at reasonable time intervals. 

(c) The slit width shall be adjusted so 
that slit-width corrections are negligible; 
otherwise these corrections shall be ap- 
plied. 

Procedure 

7. (a) The test specimen shall be 
handled carefully to avoid discoloration, 
and care shall be taken not to touch the 
.area to be tested except for application 
of a suitable cleaning, process. The con- 
dition of the test specimen before and 
after analysis shall be carefully noted 
and any change in the appearance of the 
surface of the tested area shall be re- 
corded. 

(b) Determination of spectral char- 
acteristics relative to the standard shall 
be' made throughout such wave-length 
range within.' the. .visible ..spectrum and 
at . such wave-length intervals that the 
curve drawn by inte.rpolation and extra- 
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p.olation would not be changed signifi- 
cantly by taking further readings. 

Note. — R eadings at 20 mu> intervals between 
400 and 700 niju are often sufficient; 10 miw 
intervals between 380 and 770 m/x usually are 
sufficient. Typical curves of flat paints are 
shown in Fig. 1. 



Note, — The red, gray and blue paints were prepared 
by extending cadmium red, ivory black, and Prussian blue, 
respectively, with zinc white. 

Fig. L— T37picai Curves of Spectral Apparent 
Reflectivity. 

(c) If spectral apparent reflectivity of 
a material is being determined, the test 
specimen shall consist of a layer of the 
material so thick that further increase 
in thickness will not cause a change in 
appearance (see Note 2, Section 1). 

Rejection 

9. If the test specimen undergoes a 
visible change during the analysis, the 
readings shall be rejected (see Section 

7 (a)). 

Report 

10. The report of the spectral charac- 
teristics of a test specimen shall consist 
of the following: 

(a) The spectral transmission, Tx, of 
a light-transmitting object, or the spec- 
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tral apparent reflectance' of a light-' 
reflecting object, or the spectral appar- 
ent reflectivity, of a light-reflecting 
material.,; 

NoTE,~If the test specimen is a translucent 
object wMch both transmits and reflects ap- 
preciable quantities of Hght, it may be necessary 
to report both its spectral transmission and its 
spectral apparent reflectance. 

(b) The manner of illumination and 
manner of viewing, as specified in Sec- 
tion 5 (a) and (c). 

General Plan of Color Designation 

IL The color of a nonseif-iuminous 
specimen depends both upon the spec- 
tral composition of the illuminant and 
upon the spectral characteristics of the 
specimen itself. The method of des- 
ignating the color of a material or ob- 
ject under a particular illuminant is to 
evaluate the light leaving it on each of 
three scales, an X-scale, a F-scale, and 
a Z-scale. The color of a light-trans- 
mitting object for a particular illu- 
minant should be designated by its 
luminous transmission, T,, and trichro- 
matic coefficients, and y, for that illu- 
minant, Similarly, the color of a 
reflecting material under a particular 
illuminant should be designated by its 
luminous apparent reflectivity, R,, and 
its trichromatic coefficients, x and y, for 
that illuminant. Also, the color of a 
reflecting object under a particular 
illuminant should be designated by its 
luminous apparent reflectance and its 
trichromatic coefficients, x and y, for 
that illuminant. These quantities may 
be found from the values of X, F, and 
Z for the test specimen and standard as 
described in Sections 12 and 13. 

Standard Illuminants 

12. Standard illuminant A shall be 
used if the color of the test specimen in 
incandescent lamplight is of interest, 
standard illuminant B for the color of 
the specimen in sunlight, and standard 


Illuminant . C for the color of the speci- 
men in average daylight.^ The relative 
spectral irradiance, £x, of these three 


TABLE I.-RELATIVE SPECTRAL IRRADIANCE OF 
THE THREE STANDARD ILLUMINANTS, 

A, B, AND C. 


Wave 

Length, 

mjtt 


Sb 


Wave 

Length, 

mu 



Be 

380 

9.79 

22.40 

.33.00 

580 

114,44 

101.00 

97.80 

385 

10.90 

26.85 

39.92 

585 

118,08 

100.07 

95.43 

390 

12.09 

31.30 

47.40 

590 

121.73 

99.20 

93.20 

395 

13.36 

36.18 

55.17 

595 

125.39 

98.44 

91.22 

400 

14.71 

41.30 

63.30 

600 

129.04 

98.00 

89.70 

405 

16.15 

46.62 

71.81 

f>05 

132.70 

98.08 

88.83 

410 

17.68 

52.10 

80,60 

610 

136.34 

98.50 

88.40 

415 

19.29 

57.70 

89.53 

615 

139.99 

99.06 

88.19 

420 

21.00 

63.20 

98.10 

620 

143.62 

99.70 

88.10 

425 

22.79 

68.37 

105.80 

625 ' 

147.23 

100.36 

88.06 

430 

24.67 

73.10 

112.40 

630 

150,83 

101,00 

88.00 

435 

26.64 

77.31 

117.75 

635 

154.42 

101.56 

87.86 

440 

28.70 

80.80 

121.50 

640 

157.98 

102.20 

87.80 

445 

30.85 

83.44 

123 45 

645 

161.51 

103.05 

87.99 

450 

33.09 

85.40 

124.00 

650 

16S.03 

103.90 

88.20 

455 

35.41 

86.88 

123.60 

655 

168.51 

104.59 

88.20 

460 

37.82 

88.. 30 

123.10 

660 

171.96 

105.00 

87.90 

465 

40.30 

90.08 

123.. 30 

665 

175.. 38 

105.08 

87.22 

470 

42.87 

92.00 

123.80 

670 

178.77 

104.90 

86.. 30 

475 

1 45.52 

93.75 

124.09 

675 

182.12' 

104.551 

85.30 

480 

48.25, 

95.20 

123.90 

680 

185.43^ 

103.90 

84.00 

485 

1 51.04 

96.23 

122.92 

685 

188, 70i 

102. 84j 

82.21 

490 

! 53,91 

96.. 50 

120.70 

690 

191.931 

101.60 

80.20 

495 

! 56.85 

j 

95.71 

116.90 

695 

195.12^ 

100.38 

78.24 

500 

I 59.86 

94.20 

112.10 

700 

198.26; 

99.10 

76.30 

505 

1 62.93 

92.37 

106.98 

705 

! 201,36^ 

97.70 

74.36 

510 

I 66.06 

90.70 

102.30 

710 

i 204.41 

96.20 

72.40 

515 

' 69.25 

89.65 

98.81 

715 

i 207.41' 

94.60 

70,40 

520 

72.50 

89.50 

96.90 

720 

210.36 

92.90 

68.30 

525 

75.79 

90.43 

96.78 

725 

21,3,26 

91,10 

66.30 

530 

79.13 

92.20 

98.00 

7.30 

216,12 

89,40 

64.40 

535 

82.52 

94.46 

99.94 

735 

218.92 

88,00 

62,80 

540 

85.95 

96.90 

102.10 

740 

221.66 

86.90 

61.50 

545 

89.41 

99.16 

103.95 

745 

1 224.36 

85.90 

60.20 

550 

92.91 

101.00 

105.20 

750 

1 227,00 

85.20 

.59.20 

555 

96.44 

102.20 

105.67 

755 

229.58 

84.80 

58.. so 

560 

100.00 

102.80 

105.30 

760 

232.11 

84.70 

58.10 

565 

103.58 

102.92 

104,11 

765 

"234.59' 

84.90 

58.00 

570 

107.18 

102.60 

102.30 

770 

237.01 

85.40 

58.20 

575 

110.80 

101.90 

100.15 

775 

239.37 

86.10 

58.50 

580 

114.44 

101.00 

97.80 

780 

1 241.67 

87.00 

59.10 


Standard illuminants throughout the 
visible spectrum is given in Table I, and 
the trichromatic coefficients, x, y, of 


^For information regarding the procurement of lamps 
and liquid filters required to duplicate these standard illu- 
minants, reference should be made to the following articles: 

Proceeding, Eighth Session, Commission Internation- 
ale de TEclairage, Cambridge, England, September, 1931, 
pp. 19-29, 

A. C. Hardy, '‘Handbook of Colorimetry,” p. 16, 
Technology Press, Cambridge, Mass. (1936). 

X>. B. Judd, “The 1931 I.C.I. Standard Observer and 
Coordinate System for Colorimetry,” Journal, Optical 
Soc. America, Vol. 23, p. 359 (1933). 

R. Davis and K. S. Gibson, “Filters for the Reproduc- 
tion of Sunlight and Daylight and the Determination of 
Color Temperature,” Miscellaneous Publication No. 114, 
Nat. Bureau Standards (1931), 
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the standard illuminants are given in 
Table IT ■ 


TABLE II.-TRICHROMATIC COEFFICIENTS OF 
THE STANDARD ILLUMINANTS. 


Standard 

Illuminant 

Trichromatic Coefficients 

X 

y 

s 

A 

0.4476 

0.4075 

0.1449 

• B..... 

0.3484 

0,3516 

0.3000 

. C. . . ... 

0.3101 

0.3163 

1 0.3736 


Procedure 

13. (a)' The spectral composition of 
the light leaving a nonself-iuminous 
reflecting material is found by multi- 
plying, for each wave length of the 
visible spectrum, the spectral irradiance, 
£x, of the illuminant by the spectral 
apparent reflectivity, Rx, of the material; 
that is, the product, R\Ek, is found 
throughout the visible spectrum (380 to 
770 iUju). If magnesium oxide is used 
as the standard, the spectral apparent 
reflectivity of the test specimen should 
be expressed relative to that for mag- 
nesium oxide. 

Note 1.^ — The evaluation of X, F, and Z for 
a transparent object viewed by transmitted 
light, or for an opaque object viewed by reflected 
light, is found in a way strictly analogous to that 
for an opaque layer of material viewed by 
reflected light. The spectral transmission, Tx, 
and spectral apparent reflectance of an object 
serve the same purpose as the spectral apparent 
reflectivity, Rx, of a reflecting material. 

(6) The light leaving the specimen of 
spectral composition, RxEx^ is evalu- 
ated on the X-scale for each part of the 
spectrum by multiplying the correspond- 
ing RxEx by the X-value for unit 
irradiance for that part of the spectrum. 
This light is also evaluated on the F, 
and Z scales in the same way. Table 
III gives the X, , F, and Z values for 
unit irradiance throughout the visible 
spectrum for each 5-m/i interval. 
These values are identified by the sym- 
bols, dex, yx, ^x, respectively. From this 


step the products, Xx^ATxj i^x-Fxjyx, 
and RxExzx are found throughout the 
visible spectrum. 

(c) The light leaving the specimen of 
spectral composition, RxE\, is evalu- 
ated on the X-scale for the whole spec- 
trum by adding together the values of 
X found for the intervals of the spec- 
trum separately. The light is also 
evaluated on the F and Z scales in the 
same way. From this step are found 
the three numbers, X, F, and Z: 

00 

0 

00 

F = D iJxJSxjxAX 


00 

^ ” 23 ^xFxixAX 
0 

Note 2. — For materials of usual spectral 
selectivity, an accurate evaluation of X, F, and 
Z is obtainable by setting AX = 10 m/x; but for 
some materials it is found necessary to take 
AX = 5 m/x or even less. For interpolated 
values of xx, yx, and zx for each millimicron from 
380 to 770 mfjLj see A. C. Hardy, “Handbook of 
Colorimetry,” Technology Press, Cambridge 
(1936). The selected-ordinate method of calcu- 
lating X, F, and F, in many circumstances 
the most rapid, is also described there.®' ^ 

(d) Calculate the luminous apparent 
reflectivity, R,, and two of the three 


» For further information regarding methods of carrying 
out these calculations, reference should be made to the fol- 
lowing articles: 

T. Smith, “Condensed Tables for Colour Computa- 
tion,” Proceedings, Physical Soc., London, Vol. 46, p. 372 
(1934). 

D. Nickerson, “Disk Colorimetry; Including a Compar- 
ison of Methods for Computing Tristimulus Values for 
Certain Disks,” Journal, Optical Soc. America, VoL 25, 
p. 253 (1935). 

H. W. Swank and M. G. Mellon, “A Calculator for Ob- 
taining Tristimulus Values from Spectrophotometric 
Data,” Journal, Optical Soc. America, Vol. 27, p, 414 (1937). 

F. W. Sears, “An Improved Calculator for Obtaining 
Tristimulus Values from Spectrophotometric Curves,” 
Journal, Optical Soc. America, Vol- 29, p. 77 (1939). 

J. A. Van den Akker, “A Mechanical Integrator for 
Evaluating the Integral of the Product of Tw'o Functions 
and Its Application to the Computation of I.C.I. Color 
Specifications from Spectrophotometric Curves,” Journal, 
Optical Soc. America, Vol. 29, p. 364 (1939). 

’ For attachments to the spectrophotometer to perform 
these calculations automatically, reference should be made 
to the following articles: 

A. C. Hardy, “A New Recording Spectrophotometer,” 
Journal, Optical Soc. America, Vol. 25, p, 305 (1935). 

J. Razek, “Electrical Device for the Determination of 
Trilinear Coordinates for the Razek -Mulder Color Ana- 
lyzer,” JoMrwof, Optical Soc. America, Vol. 24, p. 54 (1934), 
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tricliromatic coefficients x and y, as standard (see Table II) are found by 
follows: ' : ' calculating the following ratios: 



X + F + Z 
F 

X+ F4- Z 


X. . . 

X« + Fo + Z. 


and 


Yo 

Xo+Y. + Z, 

Table III gives the trichromatic eoeffi- 



Fig. 2. — The (x, y) -Diagram Showing the Spectrum Colors. 


It is customary to use a plot of y against 
X in rectangular coordinates (called a 
chromaticity diagram or mixture dia- 
gram) as an aid in determining the re- 
lation of the color of the specimen to 
known colors. For this purpose the 
colors of the spectrum and that of the 
standard are most frequently used. 
The trichromatic coefficients of the 


dents, Xj y, z, of the spectrum colors, 
and the spectrum colors on the (x, y)- 
diagram are shown in Fig. 2. 

. Note 3. — the specimen is a transparent 
object, the ratio, F/F®, should be designated 
the luminous transmission; if it is a reflecting 
object consisting of a top translucent layer 
backed by a different material, the ratio F/F« 
should be designated the luminous apparent 
reflectance. 
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Report 

14. The report of the color designa- 
tion of the test specimen shall consist 
of the following: 

: (a) The trichromatic coefficients, x 
and y. 


specimen is a reflecting material, a re- 
flecting object, or a light-transmitting 
object, respectively, 

(c) The manner of illumination and 
manner of viewing as specified in Sec- 
tion S (a) and (c). 


TABLE IIL-THE 1931 I.C.I. STANDARD OBSERVER. 


Trichromatic 

Coefficients 

Wave 

Length, 

Tristimulus Specifications 
of the Equal-energy 
Spectrum 

Trichromatic 

Coefficients 

Wave 

Length, 

Tristimulus Specifications 
of the Equal-energy 
Spectrum 




mjx 







mfM 




.* ■ ' 

y 

z 


n 

ix 

X 

y 

z 

iCX 

yx 

iX"';" 

0.1741 ' 

0.0050 

0.8209 

380 

0.0014 

0.0000 

0.0065 

0,5125 ' 

0.4866 

0.0009 

580 

0.9163 

0.8700 

0.0017 

0.1740 

0.0050 

0.8210 

385 

0.0022 

0.0001 

0.0105 

0.5448 

0.4544 

0.0008 

585 

0.9786 

0.8163 

0.0014 

0.1738 

0.0049 

0.8213 

390 

0,0042 

0.0001 

0.0201 

0.5752 

0.4242 

0.0006 

590 

1.0263 

0.7570 

0,0011 

0,1736 j 

0.0049 

0.8215 

395 

0.0076 

0.0002 

0.0362 

0.6029 

0.3965 

0.0006 

595 

1.0567 

0.6949 

0.0010 

0.1733 1 

0.0048 

0.8219 

400 

0,0143 

0.0004 

0.0679 

0.6270 

0.3725 

0.0005 

600 

i 1.0622 

0.6310 

0.0008 

0.1730 

0.0048 

0.8222 

405 

0.0232 

0.0006 

0.1102 

0.6482 

0.3514 

0.0004 

605 

1.0456 

0.5668 

0.0006 

0.1726 

0.0048 

0.8226 

410 

i 0.0435 

0.0012 

1 0.2074 

0.6658 

0.3340 

0.0002 

610 

1.0026 

0.5030 

o.oooS 

0.1721 

0.0048 

0.8231 

415 

' 0.0776 

0.0022 

! 0.3713 

0.6801 

0.3197 

0.0002 

615 

0.9384 

0.4412) 

0.0002 

0.1714 

0.0051 

0.8235 

1 420 

0.1344 

0.0040 

0.6456 

0.6915 

0,3083 

0.0002 

620 

0.8544 

0.3810 

0.0002 

0.1703 

0.00S8 

0.8239 

42.5 

0.2148 

0.0073 

1.0391 

0.7006 

0.2993 

0.0001 

625 

0.7514 

0.3210 

0.0001 

0.1689 

0.0069 

0,8242 

430 

0.2839 

0.0116 

1.3856 

0.7079 

0.2920 

0.0001 

630 

0.6424 

0.26.30 

0.0000 

0.1669 

0.0086 

0.8245 

4.35 

0 3285 

0.0168 

1.6230 

0.7140 

0.2859 

0.0001 

635 ' 

0,5419 

0.2170 

0.0000 

0.1644 

0.0109 j 

0.8247 1 

440 

0.3483 1 

0.0230 

1.7471 

0.7190 

0.2809 

0.0001 

640 i 

0.4479! 

0.17,30 

0.0000 

0.1611 

0.0138 

0,8251 

445 

0.3481 

0.0298 

1.7826 

0.7230 

0.2770 

0.0000 ' 

645 

0.3608 

0.1382 

0.0000 

0.1566 

0.0177 

0.8257 

4.50 

0.3362 

0.0380 

1.7721 

0.7260 

0.2740 

0.0000 

650 

0.2855 

0.1070 

O.GOOO 

0.1510 

0.0227 

0.8263 

455 

0.3187 

0.0480 

1,7441 

0.7283 

0.2717 

0.0000 

655 

0.2187 

0.0816 

0.0000 

0.1440 

0.0297 

0.8263 

460 

0.2908 

0.0600 

1,6692 

0.7300 

0.2700 

0.0000 

660 

0.1649 

0.0610 

o.onoo 

Q.13SS ! 

0.0399 

0.8246 

465 

0.2511 

0.0739 

1.5281 

0.7311 

0.2689 

0.0000 

665 

0.1212 

0.0446 

0.0000 

0.1241 

0.0578 

0.8181 

470 

0.1954 

0.0910 

1 .2876 

0.7320 

0.2680 

0.0000 

670 

0.0874 

0.0320 

0.0000 

0.1096 

0.0868 

0.8036 

475 

0.1421 

0.1126 

1.0419 

0.7327 

0.2673 

0.0000 

675 

0.0636 

0.0232 

0,0000 

0.0913 

0.1327 

0.7760 

480 

0.0956 

0.1390 

0.8130 

0.7334 

0.2666 

0.0000 

680 

0.0468 

0.0170 

0.0000 

0.0687 

0.2007 

0.7306 

485 

0.0580 

0.1693 

0.6162 

0.7340 

0.2660 

0.0000 

685 

0.0329 

0.0119 

0.0000 

0.0454 

0.295Q 

0.6596 

49® 

0.0320 

0.2080 

0.4652 

0,7344 

0.2656 

0.0000 

690 

0.0227 

0.0082 

0.0000 

0.023S 

0.4127 

0.5638 

495 

0.0147 

0.2586 

0.3533 

0.7346 

0.2654 

0.0000 

695 

0.0158 

0.0057 

0.0000 

0.0082 

0.5384 

0,4534 

500 

0.0049 

0.3230 

0.2720 

0.7347 

0.2653 

0.0000 

700 

0.0114 

0.0041 

0,0000 

0.0039 

0.6548 

0,3413 

505 

0.0024 

0.4073 

0,2123 

0.7347 

0.2653 

0.0000 

705 

0.0081 

0.0029 

0.0000 

0.0139 

0.7502 

0,2359 

510 

0.0093 

0.5030 

0.1582 

0.7347 

0.2653 

0.0000 

710 

0.0058 

0.0021 

0.0000 

0.0389 

0.8120 

0.1491 

515 

0,0291 

0.6082 

0.1117 

0.7347 

0.2653 

0.0000 

715 

0.0041 

0.0015 

0.0000 

0.0743 

0.8338 

0.0919 

520 

0.0633 

0.7100 

0.0782 

0.7347 

0.2653 

0.0000 

720 

0.0029 

0.0010 

0.0000 

0.1142 

0.8262 

0.0596 

525 

0.1096 

0.7932 

0.0573 

0.7347 

0.2653 

0.0000 

725 

0.0020 

0.0007 

0.0000 

0.1547 

0.8059 

0.0394 

530 

0.1655 

0.8620 

0.0422 

0.7347 

0.2653 

0.0000 

730 

0.0014 

0.0005 

0,0000 

0,1929 

0.7816 

0.0255 

535 

0.2257 

0.9149 

0.0298 

0.7347 

0.2653 

0.0000 

735 

0.0010 

0.0004 

0.0000 

0.2296 

0.7543 

0.0161 

540 

0.2904 

0.9540 

0.0203 

0.7347 

0.2653 

0.0000 

740 

0.0007 

0.0003 

0.0000 

0.2658 

0.7243 

0.0099 

545 

0.3597 

0.9803 

0.0134 

0.7347 

0.2653 

0.0000 

745 

0.0005 

0.0002 

0.0000 

0.3016 

0.6923 

0.0061 

550 

0.4334 

0.99S0 

0 0087 

0.7347 

0.2653 

0.0000 

750 

0.0003 

0.0001 

0.0000 

0.3373 

,0.6589 

0.0038 

555 

0.5121 

1.0002 

0.0057 

0.7347 

0,2653 

0.0000 

755 

0.0002 

0.0001 

0.0000 

0.3731 

0.6245 

0.0024 

560 

0.5945 

0.9950 

0 0039 

0.7347 

0.2653 

0.0000 

760 

0.0002 

0.0001 

0.0000 

0.4087 

0.5896 

0.0017 

565 

0.6784 

0.9786 

0.0027 

0.7347 

0.2653 

0.0000 

765 

0.0001 

0,0000 

0.0000 

0.4441 

0.5547 

0.0012 

570 

0.7621 

0.9520 

0.0021 

0.7347 

0.2653 

0.0000 

770 

0.0001 

0.0000 

0.0000 

0.4788 

!o.S202 

0.0010 

575 

0.8425 

0.9154 

0.0018 

0,7347 

0.2653 

0.0000 

775 

0.0000 

0.0000 

0.0000 

0.5125 

|0.4866 

0.0009 

580 

0.9163 

0.8700 

0.0017 

0.7347 

0.2653 

0.0000 

780 

0.0000 

0.0000 

0.0000 


21.3713 

21.3714 

21.3715 













(b) The luminous apparent reflec- 
tivity, Rs, the luminous apparent re- 
flectance, or the luminous transmission, 
depending upon whether the test 


(d) The illuminant to which the color 
designation of the test specimen applies ; 
that is, whether the standard illuminant, 
A, B, or C, or some other illuminant. 



Standard Method of Test for 

SURFACE IRREGULARITIES OF FLAT TRANSPARENT 

PLASTIC SHEET* 



A.S.T.M. Designation: D 637 - 43 
Adopted, 1943.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 637 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, (a) This method of test is intended 
for the measurement of the ^surface ir- 
regularities of flat transparent plastic 
sheets that are ordinarily used to cover 
openings through which visual and 
instrumental observations are made. 

(5) This method measures the distor- 
tion and the deviation of line of sight 
through flat sheets of transparent 
plastics. The method makes use of the 
prismatic or optical wedge deflection of 
a beam of light as it passes tlirough a 
distortion spot or wave in the body of 
or on the surface of the material being 
inspected. 

Description of Terms 

2. (a) Displacement Factor. — Dis- 
placement factor is the maximum move- 
ment (in inches) of the image of the 
cross, divided by the distance (in feet) 
from the projector to the screen, multi- 
plied by 1000. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the' A.S.T.M. 
Committee D- 20 on Plastics. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1941 to 1943. 


(i) Frequency of Image Movement . — 
Frequency of image movement shall be 
described as {!) irregular or wavy, (2) 
frequent, or (J) single shift. 

{c) Pattern Pattern dis- 

tance is the maximum distance (in 
integer multiples of 5 in.) from the screen 
at which the specimen can be held with- 
out producing a sharply defined pattern 
of its minor surface irregularities. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Projector.— A good quality lan- 
tern slide projector or similar assembly 
of light source and lenses that is capable 
of producing a sharply defined image on 
a screen at a distance of 25 ft. The 
objective lens of this system shall have 
an aperture approximately 2-in. in 
diameter and a focal length of approx- 
imately 12 in. 

(&) Slide.— A transparent slide on 
which have been ruled tv/o very fine 
black lines crossing at right angles at 
the center of the slide. This slide may 
be prepared by photographing a drawing 
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or ' by directly ruling fine lines on some 
suitable transparent medium* 

(r) Screen— A square white screen 
measuring about 5 ft. on a side. This 
screen' shall, have .a, symmetrical cross 
ruled on' it consisting of seven horizontal 
parallel fine lines spaced 0.5 in. apart 
and seven vertical parallel fine lines 
spaced O.S' in, apart. . These lines shall 
be as,, fine as it is possible ' to make ' them 
and still have them distinctly visible at a 
distance of 25 ft. A width of about 
in. is suggested, 

.Note.— A n,' alternative form of .target may be 
preferred, consisting of concentric circles having 
radii increasing,' by 1 in. from a .1 -in, radius for 
the, innermost, circle, .ruled in the center of ,a 
piece, of white, .cardboard 1 square. It is 
suggested: that the first circle be ruled with a 
line,, thickness of J in., the second with a line 
thickness of in., the third with a line thickness 
of I in.,, and, so on. 

■ (d) Supporis,— A:, suitahlc means of 
rigidly .supporting the projector, and the 
screen. 

(e) Dark Room— A ■slightly darkened 
or dark, room of sufficient , le.iigth to 
accommodate the. test, setup. It has 
been found that an illummation level of 
not over , 10, foot-candles ill, the'room will 
be, satisfactorily, dark when an, ordinary 
lantern slide projector is being used. 

Assembly of Apparatus 

4. (a) The screen shall be placed 25 ft. 
fro.m the front lens of the , pro,jector and 
perpendiGiilar to the direction '.of pro- 
jection,., 

. , , ^(6) The , cross-ruled ' slide, shall be 
placed in the projector and the projector 
and. its lens system adjusted,, to throw a 
sharply defined image of the cross 
directly on top of the center cross ruled, 
on the screen. 

NoxE.—If 'the alternate form , of target ,is 
used, the projector shall be adjusted so that the 
center of the image of the cross falls on the center 
of the circles. 


Test Specimen 

5. The test specimen shall consist of 
any flat sheet of a transparent plastic, 

Proced.ure 

6. (a) The test specimen shall be held 
with its plane ' perpendicular, to the di- 
rection of projection and in front of the 
projector at a distance of approximately , 
12 in. from the front lens and shall be 
moved so that the entire area inside of 
a l-in. border around the sheet is sur- 
veyed by the beam of light from the pro- 
jector system. While the specimen is 
being moved about, the screen shall be 
observed for movement of the pro- 
jected image of the cross. The maxi- 
mum amount and nature or frequency 
of movement of the image shall be noted, 

(6) After the specimen has been com- 
pletely surveyed in the position near the 
projector, it shall be moved parallel to 
and at a distance of 5 in. from the screen. 
The specimen shall then be moved back 
and forth parallel to the screen and any 
projected images of minor irregularities 
that are visible on the screen shall be 
observed. The specimen shall then be 
moved to positions 10 in., 15 in., or 20 in. 
(integer multiples of 5 in.) from the 
screen until a pattern is observed. 
The maximum distance from the screen 
at which the specimen can be held with- 
out producing a pattern of its minor 
surface irregularities shall be noted. 

Report 

7. The report shall include the 
following: 

(1) The displacement factor, 

(2) The frequency and nature of the 
shift of the image, and 

(J) The pattern distance in an 
integer multiple of 5 in. 


Standard Method of Test for 

COEFFICIENT OF LINEAR THERMAL EXPANSION 
OF PLASTICS! 



A.S.T.M. Designation: D 696 - 44 
Adopted, 1944.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 696; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope®'* 

1. The thermal expansion of a plastic 
is composed of a reversible com- 
ponent on which are superimposed 
changes in length due to changes in 
moisture content, curing (degree of 
polymerization), loss of plasticizer or 
solvents, release of stresses, and other 
factors. This method of test is in- 
tended for determining the reversible 
linear thermal expansion under exclusion 
of these accidental factors. In general, 
it will not be possible to exclude all 
these spurious factors and for this 
reason the method can be expected to 
give only approximate values. The 
dilatometer described in the Appendix 
to this method has the advantage of 
simplicity, but it is not intended to be 
used when results of great accuracy are 
V desired; it is also not applicable to very 
soft plastics such as elastomers. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-20 on Plastics . 

2 Prior to adoption as standard, this method was pub- 
lished as ten tative from 1942 to 1944. 

2® Editorially revised in 1946. 


Apparatus 

2. The apparatus shall consist of the 
following: 

[a) Dilatometer,— kjxf generally ac- 
cepted apparatus that will measure the 
coefficient of linear thermal expansion 
with an accuracy of plus or minus 10 per 
cent may be used, A simple fused- 
quartz-tube dilatometer similar in prin- 
ciple to the apparatus indicated in the 
Standard Method of Test for Linear 
Expansion of Metals (A.S.T.M. Designa- 
tion: B 95) of the American Society for 
Testing Materials® is described in the 
Appendix. The accuracy of the ap- 
paratus used shall be such that it meas- 
ures the change in length over the 
temperature interval under consideration 
within plus or minus 2 per cent. The 
device that measures the expansion shall 
not exert a stress of more than 10 psi. 
on the specimen. It is the intent of this 
limitation that the thrust of the device 
in contact with the specimen, shall not 
distort the specimen or , appreciably 
indent its surface. 

» 1946 Book of A.S.T.M.' Standards, Part I-B . 
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(b) Scale or Caliper , — A scale or 
caliper capable of measuring the test 
length of the specimen with an accuracy 
of plus or minus 0.5 per cent. 

{c) Temperature Bath , — A liquid bath 
for controlling the temperature of the 
specimen (see Note, Section S(^)). The 
bath shall be arranged in such a way 
that uniform temperature throughout 
the specimen is assured. Means shall 
be provided for stirring the bath and for 
controlling its temperature within plus 
or minus 0.2 C. at the temperatures used. 

Note. — It is preferable to avoid contact be- 
tween the bath liquid and the test specimen. If 
this is not practicable care must be taken to 
select a liquid that will not affect the physical 
properties of the material under test. 

Test Specimens 

3. (a) The samples from which test 
specimens are to be cut or shaped shall 
be molded or cast by methods and under 
conditions that give a minimum of 
strains or molecular anisotropy. This 
requirement applies also if the speci- 
mens are molded to their finished shape. 
When testing materials which exliibit 
different properties in different direc- 
tions, specimens shall be cut along the 
principal axes of anisotropy and the 
coefficient of linear thermal expansion 
shall be measured separately along the 
different axes. 

(6) When using the dilatometer de- 
scribed in the Appendix, the test speci- 
men may be round or square and should 
fit easily into the outer tube of the 
dilatometer without excessive play. The 
specimen may be 2 to 4 in. in length 
but its length will be governed to some 
extent by the sensitivity of the dial 
gage, the expansion expected, and the 
accuracy desired. The ends of the 
specimen shall be cut perpefidicular to 
the axis of the specimen. Before the 
specimen is placed in the dilatometer, 
its ends shall be protected against in- 
dentation by means of thin steel plates 
cemented to them. 


Conditionmg Specimens 

4. Test specimens shall be conditioned 
in accordance with the Tentative Meth- 
ods of Conditioning Plastics and Elec- 
trical Insulating Materials for Testing 
(A.S.T.M. Designation: D 618) of the 
American Society for Testing Materials.^ 

Procedure 

5. (a) The nature of most plastics 
and the construction of the common 
type of dilatometer make — 30C. to 
-t“30 C. a convenient temperature range 
for linear thermal expansion measure- 
ments of plastics. This range covers 
the temperatures in which plastics are 
commonly used. Any extension or sub- 
division of this temperature range shall 
be made in steps of 30 C. When ex- 
tending the range upward particular 
attention shall be paid to the factors 
mentioned in Section 1 and special 
investigations may be required to avoid 
excessive errors. The coefficient of lin- 
ear thermal expansion of a few plastics 
is known to change rather abruptly at a 
certain temperature. To find this tem- 
perature it will be necessary to measure 
the coefficient of linear thermal expan- 
sion in narrow temperature limits, or to 
observe the rate of expansion during a 
steady rise in temperature of the speci- 
men. Once such a transition point has 
been found, a separate coefficient of 
expansion for a temperature range below 
and above the transition point shall be 
determined. 

{h) The length of the conditioned test 
specimen shall be measured at room 
temperature. 

\c) The conditioned specimen shall be 
mounted in the dilatometer. The tem- 
perature of the bath shall be maintained 
at —30 =fc 0.2 C. until the temperature 
of the specimen reaches the temperature 
of the bath. The time required shall be 
determined by preliminary measure- 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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ments of the Inside temperature of the 
specimen. The reading of the dial 
indicator or other device that indicates 
the expansion of the specimen shall be 
recorded. 

(d) With the temperature at +30 =h 
0.2 C., the procedure described in Para- 
graph (i;) shall be repeated. 

(e) With the temperature again at 
— 30 + 0.2 C.j the procedure described 
in Paragraph (c) shall be repeated. 

Note. — When the construction of the appa 
ratus permits, it may be more convenient to use 
alternately two baths at the proper tempera- 
tures. Care should be taken not to disturb the 
apparatus during the transfer from one bath to 
the other. The use of two baths is preferred 
because it will reduce the time required to bring 
the specimen to the desired temperature. The 
test in general should be conducted in as short 
a time as possible to avoid changes in physical 
properties during long exposures to high and low 
temperatures. 

(/) If the change in length of the 
specimen due to heating does not agree 
with the change in length due to cooling 
within 10 per cent of their average, the 
cause of the discrepancy shall be in- 
vestigated and if possible eliminated. 

Calculation and Report 

6. (a) Calculation . — The average co- 
efficient of linear thermal expansion shall 
be calculated as follows: 

AL 

^ 

. LXT 


where: 

a == coefficient of Imear thermal ex- 
pansion per degree Centigrade, 
AT == average of .changes in., length of 
test' specimen due to heating 
■ and cooling, 

L = length of test specimen at room 
. temperature (AT .and': L: being 
measured in the same: units), 
and 

T = temperature difference in degrees 
Centigrade over which the 
changes in length of the speci- 
men are measured. 

(J) Report . — The report shall include 
the following: 

(1) Designation of material, including 
name of manufacturer and information 
on composition when known, 

(2) Method of preparation of test 
specimen, 

(J) Form and dimensions of test 
specimen, 

(4) Identification of the type of ap- 
paratus used, 

(5) Temperatures betw^een which the 
coefficient of linear thermal expansion 
has been determined, 

{6) Average coefficient of linear ther- 
mal expansion per degree Centigrade, 
and 

(7) Complete description of any unusual 
behavior of the specimen, for example, 
differences of more than 10 per cent in 
measured values of expansion and con- 
traction. 


(See Appendix, p. 233) 
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APPENDIX 


Quartz-Tube Dilatometer^ 


Thte quartz-tube dilatometer shown in Fig. 1 
.consists of the following: 

Outer Tube.-— An outer tube of fused quartz 
20 In. in length | in. in inside diameter, and 
about 2 mm. in wall thickness. The tube is 
sealed on the lower end, the sealing surface being 
convex on the inside to provide one-point con- 
tact with the thin steel plate cemented to the 
lower end of the specimen. 

Inner Tube . — -An inner tube of fused quartz 
16 to 18 in. in length with an outside diameter 
that allows this tube to fit snugly inside the outer 
tube without binding. The length of the inner 
tube is determined by the length of the specimen, 
since the upper ends of the inner and outer tubes 
should be at the same level when the specimen 
is in place. One end of the inner tube is closed 
with a hemispherical seal to provide one-point 
contact with the thin steel plate cemented to the 
upper end of the specimen. To the end of the 
inner tube is attached a thin steel plate or is fused 
a quartz plate which serves as a rest for the foot 
of the dial gage. The wall thickness of the in- 
side quartz tube should be as small as practical 
in order to reduce the load on the specimen. 

Dial Gage . — A dial gage mounted on a bracket 
which is securely fastened to the upper end of 
the outer tube. The dial gage is preferably 
calibrated to O.OOOl in. per division. The stem 
of the dial gage should be concentric with the 
quartz tube. 

Mounimg.— The dilatometer is mounted ver- 
tically on a solid support in such a way that the 
temperature bath can readily be changed without 
disturbing the dilatometer. 


ivc.b 
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Fig. 1. — Quartz-Tube Dilatometer. 



Standard Method of Test for 
WATER ABSORPTION OF PLASTICS' 



A.SoT.M. Designation: D 570 - 42 

Adopted, 1942.2 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 570; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the relative rate 
of absorption of water by plastics when 
immersed. The method is intended to 
apply to the testing of all types of 
plastics, including cast, hot-molded, and 
cold-molded resinous products, and both 
homogeneous and laminated plastics in 
rod and tube form, and in sheets Q.OOS- 
in. or greater in thickness. 

Note 1. — The moisture content of a plastic 
is very intimately related to such properties as 
electrical insulation resistance, dielectric losses, 
mechanical strength, appearance, and dimen- 
sions. The effect upon these properties of 
change in moisture content due to water absorp- 
tion depends largely on the type of exposure 
(by immersion in water or by exposure to high 
humidity), shape of the part, and inherent 
properties of the plastic. With nonhomo- 
geneous materials, such as laminated forms, 
the rate of water absorption may be widely 
different through each edge and surface. ^Even 
for otherwise homogeneous materials, it may be 
slightly greater through cut edges than through 
molded surfaces. Consequently, attempts to 
correlate water absorption with surface area 


1 Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of the 
A.S,T.M. Committee D-9 on Electrical Insulating Ma- 
terials and Committee I)-20 on Plastics. 

* Prior to adoption as standard, this method was 
Published as tentative from 1940 to 1942. 


must generally be limited to closely related 
materials and to similarly shaped specimens. 
For materials of widely varying density, relation 
between water absorption values on a volume 
as well as a weight basis may need to be con- 
sidered. 

Note 2. — The test for rate of water absorp- 
tion has two chief functions: first, as a guide 
to the proportion of water absorbed by a 
material and consequently, in those cases where 
the relationships between moisture and electrical 
or mechanical properties, dimensions, or appear- 
ance have been determined, as a guide to the 
effects of exposure to water or humid conditions 
on such properties; and second, as a control 
test on the uniformity of a product. This 
second function is particularly applicable to 
sheet, rod, and tube forms when the test is 
made on the finished product. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Balance . — An accurate chemical 
balance. 

(b) Oven . — An oven capable of main- 
taining uniform temperatures of 50 zh 
3 C. (122 ±5.4 F.) and of 105 to 110 C. 
(221 to 230 F.). 

Test Specimens ^ 

3. (a) The test specimen for molded 
plastics shall be in the form of a disk 
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2 in. (5.08 cm.) in diameter and | in. 
(0.32 cm.) in thickness (Note). Per-' 
missible variations in thickness are plus 
or minus.' 0.007 in. for hot-molded and* 
plus or minus 0.012 in. for cold-molded 
or cast materials. 

Note. — ^Tiie disk mold prescribed in Section 

3 of the Tentative Specifications for Molds for 
Test Specimens of Molding Materials Used for 
Electrical Insulation (A.S.T.M. Designation: 
D 647) of the American Society for Testing 
Materials^ is suitable- for molding disk test 
specimens of thermosetting materials but not 
thermoplastic materials. 

(b) The test specimen for sheets shall 
be in the form of a bar 3 in. (7.62 cm.) 
in length by 1 in. (2,54 cm.) in width by 
the thickness of the material. When 
comparison of absorption values with 
molded plastics is desired, specimens | 
in. in thickness should be used. Per- 
missible variations in thickness of the 
-|-in. thick specimen shall be plus or 
minus 0.008 in. except for asbestos- 
fabric-base phenolic laminated materials 
or other materials which have greater 
standard commercial tolerances. 

(c) The test specimen for rods shall be 
1 in. in length for rods 1 in. in diameter 
or under, and | in. in length for larger 
diameter rods. The diameter of the 
specimen shall be the diameter of the 
finished rod. 

(d) The test specimen for tubes less 
than 3 in. in inside diameter shall be 
the full section of the tube and 1 in. in 
length. For tubes 3 in. or more in 
inside diameter, a rectangular specimen 
shall be cut 3 in. in length in the cir- 
cumferential direction of the tube and 1 
in. ' in width lengthwise of the tube. 

(e) The test specimens for sheets, rods, 
and tubes shall be machined, sawed, or 
sheared from the sample so as to have 
smooth 'edges free from cracks'. The 
cut edges shall be made smooth by finish- 
ing with No. 0 or finer sandpaper or 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


emery cloth. ■ Sawing:, machining, and 
sandpapering operations shall be slow 
enough so that the material is not 
heated appreciably (Note). 

Note. — If there is any oil on the surface of 
the specimen when received or as a result of 
machining operations, wash the specimen with 
a cloth wet with gasoline to remove ‘oil, wipe 
with a dry cloth, and allow to stand in air for 2 
hr. to permit evaporation of the gasoline. If 
gasoline attacks the plastic, use some suitable 
solvent or detergent that will evaporate within 
the 2-hr. period. 

(f) The dimensions listed in the fol- 
lowing table for the various specimens 
shall be measured to the nearest 0.001 in. 
Dimensions not listed shall be measured 
within plus or minus ^ in. 


Type of Specimen 

! Dimensions to be Measured to the 
Nearest 0.001 in. 

Molded disk 

thickness 

Sheet 

thickness 

Rod ; 

length and diameter 

Tube ! 

inside and outside diameter, and wall 
thickness 


Conditioning 

4. Three specimens shall be weighed 
individually and then conditioned as 
follows: 

(a) Specimens of materials whose 
water absorption value would be appre- 
ciably affected by temperatures in the 
neighborhood of HOC,, shall be dried 
in an oven for 24 hr. at 50 ± 3 C., 
cooled in a desiccator, and immediately 
reweighed. 

Note. — I f a static charge interferes with 
the weighing, lightly rub the surface of the 
specimens with a grounded conductor. 

(b) Specimens of materials, such as 
phenolic laminated plastics and other 
products whose water absorption value 
has been shown not to be appreciably 
affected by temperatures up to 110 C., 
shall be dried in an oven for 1 hr. at 
lOStollOC. 

(c) When data for comparison with 
absorption values for other plastics are 
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desired, the' specimens shall be 'condi- 
tioned in accordance with Paragraph 

Procedure ■ 

5. (a) 24-hr, Immersion,-— The con- 
ditioned specimens shall be placed in a 
container of distilled water maintained 
at a temperature of 25 dh 2 0*, and shall 
rest on edge and be entirely immersed. 
At the end of 24 hr,, the specimens shall 
be removed from the water one at a time, 
all surface water wiped off with a dry 
cloth, and weighed immediately. If the 
specimen is 3^ in. or less in thickness, it 
shall be put in a weighing bottle imme- 
diately after wiping and weighed in the 
bottle. 

(b) 2-hr, Immersion . — For all thick- 
nesses of materials having a relatively 
high rate of absorption, and for thin 
specimens of other materials which may 
show a significant value in 2 hr., the 
specimens shall be tested as described in 
Paragraph {a) except that the time of 
immersion shall be reduced to 2 hr. 

(r) Repeated Immersion . — A specimen 
may be weighed after 2~hr, immersion, 
replaced in the water, and weighed again 
after 24 hr. 

Note.-— I n using this method the amount of 
water absorbed in 24 hr. is likely to be less than 
it would have been had the immersion not been 
interrupted. 

(d) When data for comparison with 
absorption values for other plastics are 
desired, the 24-hr. immersion procedure 
described in Paragraph (a) shall be used. 

Reconditioning 

6. When materials are known or sus- 
pected to contain any appreciable 
amount of water-soluble ingredients, the 
specimens after immersion shall be 
reconditioned for the same time and 
temperature as used in the original dry- 
ing period. They shall then be cooled 
in a desiccator and immediately re- 
weighed. If the reconditioned weight 


is lower than the conditioned weight, 
the difference shall be considered as 
water-soluble matter lost during the 
immersion test. For such materials, the 
water absorption value ■ shall be taken 
as the sum of the increase in weight' on 
immersion and of the weight of the 
water-soluble matter. 

Calculation and Report 

7. The report shall include the values | 
for each specimen and the average for i 
the three specimens as follows: | 

(1) Dimensions of the specimens be- I 

fore test, measured in accordance with 
Section 3 (/), and reported to the near- 5 
est 0.001 in., | 

(2) Percentage loss in weight on ini- | 

tial drying, calculated on the basis of the | 

original weight, and the conditioning j 

time and temperature, 

(J) The time of immersion, 

(4) The percentage increase in weight \ 

during immersion calculated to nearest | 

0.01 per cent as follows: 

wet wt. — conditioned wt, 

X 100 

conditioned wt. 

(5) The percentage of soluble matter 

lost during immersion, if determined, 
calculated to nearest 0.01 per cent as 
follows (Note): | 


conditioned wt. 

Note.— W hen the weight on reconditioning 
the specimen after immersion in •water exceeds 
the conditioned weight prior to immersion, 
report ^*none” under item (5). 

(6) The percentage of water absorbed 
in 24 hr. (or in 2 hr.), which is the sum 
of the values in items (4) and (5), and 

(7) Any observations as to warping, 
cracking, or change in appearance ol 
the specimens. 


Increase in weight, per cent «= 


Soluble matter lost, per cent 

conditioned wt. — reconditioned wt. 

‘ ' 100 



STANDARD DESCRIPTIVE NOMENCLATURE OF OBJECTS 

MADE FROM PLASTICS^ 



A.S.T.M. Designation : D 675 - 45 
Adopted, 1945.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 675; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope. 

1. (a) The purpose of this nomencla- 
ture is to provide simple terms, adequate 
to convey with maximum brevity and 
certainty, an accurate description of any 
visible characteristic of a plastic object 
which can be seen, but which cannot be 
expressed in numerical values. To sim- 
plify the nomenclature, no separate 
terms are provided to indicate variations 
in the prominence or extent of what 
otherwise would be the same characteris- 
tic (Note). To prevent misunderstand- 
ings which might arise through any choice 
of terms on too hasty assumptions as 
to the cause of a characteristic and to 
concentrate attention on a correct de- 
scription of the visible characteristic, 
which is to be reported, the terms are 
made entirely descriptive in this nomen- 
clature and without significance as to 

1 Under the standardization procedure of the Society, 
this nomenclature is under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

2 Prior to adoption as standard, this nomenclature was 
published as tentative from 1942 to 1943, being revised in 
1943. 


the cause of what is described. As- 
sumed causes should be stated separately. 

Note. — I t is very desirable to indicate such 
Variations, but it is suggested that it be done 
by the addition of properly descriptive, com- 
monly used adjectives, such as: pronounced, 
slight, faint, large, small, tiny, over-all, local- 
ized, numerous, few streaky, spotty, etc. 

(6) This nomenclature may require the 
user to choose some different terms 
than have been used previously, and 
to place somewhat different interpreta- 
tions on others, but it is hoped the 
ultimate advantages in so doing will 
outweigh any immediate disadvantages. 
Other terms which have been in use, 
although they seem superfluous, may 
not become obsolete. To assist in un- 
derstanding such terms, they are listed 
under the heading “Terms Not Recom- 
mended” with their equivalence in 
recommended terms indicated. To 
those unfamiliar with the nomenclature 
relating to plastics, the following classifi- 
cation of terms may be helpful: 
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Terms 

Terms Relating k Color Characteristics: 
Burned,. 

Chalking, . 

Discoloration 

.Fading, 

Filler . Specks, ' 

^.HuU, 

Lubricant-Bloom, 

.Mold-Seam, 

' . Mottle, 

Resin-Streak, ■ 

Segregation, 

Surface-Haze, 

Two-Tone, and 
Window. 

Terms Relating to Surface Characteristics: 
Burned, 

Chalking, 

Crater, 

Cut-Layers, 

Dry-Spot, 

Dull Surface, 

Frosting, 

Gloss, 

Lubricant-Bloom, 

Orange-Peel, 

Pimple, 

Plate-Mark, 

Pulled Surface, 

Resin-Streak, 

Scaly, 

Sheeter-Lines, 

Short, 

Surface-Haze, 

Thin-Spot, and 
Wrinkle. 

Terms Relating to Clarity: 

'^Dlarity, 

' ■ ; Fish-Eye, ■■ , 

InternalHaze, 

Optical Distortion, 

Ream, 

Slip-Plane, 

Striae, 

Translucent, and 
Internal Waviness. 

Terms Relating to Soundness or Structure: 
Bubble, 

Crack, 


Crazing, 

Cut-Layers, 

Granular Structure, 

Mold-Seam, 

Open Bubble, 

Pinhole, 

Pit, 

Porosity, 

Pressure-Break, 

Pulled Surface, 

Resin-Pocket, 

Short, 

Weld Mark, and 
Window. 

Terms Relating to Shape: 

Blister, 

Dished, 

Domed, 

Sink-Mark, 

Waviness, and 
Warp. 

Recommended Nomenclature' 

Blister. — Undesirable rounded elevation of 
the surface of a plastic, whose boundaries 
may be either more or less sharply defined, 
somewhat resembling in shape a blister 
on the human skin. A blister may burst 
and become flattened. 

Bubble. — Internal, spherical void, or a 
trapped globule of air or other gas, es- 
pecially in a transparent or translucent 
plastic. 

Burned. — Showing evidence of thermal de- 
composition through some discoloration, 
distortion, or destruction of the surface 
of the plastic. See also Discoloration. 

Chalking.-— Dry, chalk-like appearance or 
deposit on the surface of a plastic. 

Clarity, — Clearness. 

Crack. — ^Actual fracture. 

Crater. — Small, shallow, crater-like, surface 
imperfection. 

Crazing.— Fine cracks which may extend in 
a network over or under the surface of or 
through a plastic. 

Cut-Layers. — As applied to laminated plas- 
tics, a condition of the surface of machined 
or ground rods and Lubes and of sanded 
sheets in which cut edges of the surface 
layer or lower laminations are revealed. 

Biscoloration.*— Any change from an initial 
color possessed by a plastic; a lack of 
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uniformity in color where color should be 
uniform over the whole area of a plastic 
object. In the latter sense, where they 
can be applied, use the more definite 
terms Mottle, Segregation, or Two-Tom. 
Dished. — Showing a symmetrical distortion 
of a flat or curved section of a plastic 
object, so that as normafly viewed, it 
appears concave or more concave. See. 
■also Warp. 

Domed.— Showing a symmetrical distortion 
of a flat or curved section of a plastic 
object, so that as normally viewed,- it 
appears convex or more convex. See 

also Warp, , , 

Dry-Spot.— Area of incomplete surface film 
on laminated plastics; in laminated glass, 
an area over which the interlayer and the 
glass have not become bonded. 

Dull Surface.— Lack of gloss or luster in the 
surface of a plastic, approaching a matte 
or sand-blasted finish. 

Fading.— Any lightening of an initial color 
possessed by a plastic. 

Filler-Specks.— Visible specks of a filler 
used, such as woodflour or asbestos, 
which stand out in color contrast against 
a background of plastic binder. It 
should be stated whether the specks are 
visible before or only after removal of 
the surface film. 

Fish-Eye.— Small globular mass in a trans- 
parent or translucent plastic which has 
not disappeared or blended completely 
into the surrounding material, creating 
somewhat the appearance of a fish’s eye. 
Foreign Matter.— Particles of substance in- 
cluded in a plastic which seem foreign 
to its composition. 

Frosting.— An apparently crystalline pat- 
tern on the surface of a plastic. 

Gloss— Brightness or luster of a body pro- 
ceeding from a smooth surface. 

Granular Structure.— Apparent incornplete 
fusion of and at least partial retention of 
their original form by the particles from 
which a plastic is formed, either within 
it or on its surface. 

Haze, Internal.— Indefinite cloudy appear- 
ance within a transparent plastic. 

Haze, Surface.— An indefinite cloud ap-- 
pearance' on the surface of a plastic, not 


describable. by the terms ■ChalMngy^ 
Frosting, or Lubricant- Bloom. 

Heat Mark.— Extremely shallow, regular, V 
or irregular depression or groove in the 
surface of a plastic having practically no 
depth (its area being very large compared 
with its depth) and visible because of a 
sharply defined rim or a roughenedi 
surface. 

Hull. — ^Dark speck of foreign matter which 
appears to be in the fabric of fabric-base 
laminated sheet. 

Let-Go.— An area in laminated glass over 
which an initial adhesion between inter- 
lay and glass has been lost. 

Lubricant-Bloom — Irregular, cloudy, greasy 
exudation on the surface of a plastic. 

Mold-Seam. — Line running lengthwise of a , 
molded and machined, laminated rod or 
tube, differing in color or appearance from 
the general surface, and which appears 
to be a cut through the surface layer, or 
through the surface and under laminations. 
Mottle.— Intentional or accidental mixture 
of colors or shades of a color giving a 
more or less distinct or complicated pat- 
tern of specks, spots or streaks of color. 
Open Bubble.— Bubble which has broke^ 
partly through the surface of a plastic. 
See also Bubble, Pinhole, 

Optical Distortion.— An apparent distortion 
of anything viewed through a transparent 
plastic, caused by the nonuniform optical 
character of the plastic, and not by its 
shape. 

Orange-PeeL— Uneven surface somewhat 
resembling an orange peel. 

Pimple. — Undesirable small sharp or conical 
elevation on the surface of a plastic whose 
form resembles a pimple in the common 
meaning. See also Blister. 

Pinhole.— Tiny but apparently very deep 
hole in the surface of, or through a thin 
section of plastic, which usually is round 
and has a rounded edge. 

Pit. — Small regular or irregular hole in the 
$urface of a plastic, usually having some- 
what like diameter and depth, and oiten 
dull or rough at the bottom. See also 
Pinhole, Short. 
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Plate-Mark.' — A duplication in a laminated 
sheet of finish lines or an imperfection in 
the surface of the pressing plate. 

Porosity. —Presence of numerous visible 
'voids. 

Presstire-Break. — An apparent break in 
one or more outer sheets of the paper, 
fabrie, or other base of a laminated 
plastic, visible through the surface layer 
of resin which covers it. 

Pulled Surface.— Imperfections in the sur- 
face of a laminated plastic ranging from a 
slight breaking or lifting of its surface in 
spots to pronounced separation of its 
surface from its body. 

Ream.— Layers of unhomogeneous material 
parallel to the surface in a transparent 
or translucent plastic. 

Resin-Pocket. — An apparent accumulation 
of excess resin in a small localized area 
between laminations in laminated plas- 
tics, visible on cut edges or molded 
surfaces. 

Resin-Streak.— Streak of what appears to 
be excess resin on the surface of a lami- 
nated plastic. 

Scaly. — Showing a flaked surface ap- 
pearance. 

Scratch. — Shallow mark, groove, furrow, 
or channel. 

Segregation.— A close succession of parallel, 
rather narrow and sharply defined, wavy 
lines of color on the surface of a plastic 
differing in shade from surrounding areas, 
and creating the impression that com- 
ponents of the plastic have separated. 

Sheeter Lines.— Parallel scratches or pro- 
jecting ridges distributed over con- 
siderable area of a plastic sheet such as 
. might be produced during a slicing 
operation. 

Short. — Incompletely fiUed-out condition 
in a molded material which may be quite 
obvious, or only evident through absence 
of surface film in tiny or larger areas, or as 
lighter, unfused particles of material show 
through a covering surface film, accom- 
panied possibly by peculiar thin-skinned 
blisters. With thermosetting materials, 
it is important to note whether the short 
occurs only after a period of prewarming 
the mold charge, or as a result of a delay 
in closing the mold. 


Sink- Mark.— Dimple-like -depression in the 
surface of a m,olding where it has retracted 
from the mold, and which has well 
rounded edges, and in, which , there is no 
absence of surface iilm. 

Slip-Plane.— Plane within transparent plas- 
tic visible in reflected light because of 
poor welding and slirinkage on cooling. 

Striae. — Surface, or internal,, t.liread-like 
in homogeneities in transparent plastic. 

Thin-Spot — An unpolished on poorly fin- 
ished area on an otherwise polished sheet 
of plastic material. 

Translucent. — Allowing the passage of some 
light, but not a clear view of any object. 

Two-Tone. — Two shades of its nominal 
color more or less entirely covering 
adjacent areas on a molding with a more 
or less sharp line of demarcation between. 

Warp. — ■Dimensional distortion in a plastic 
object after molding or other fabrication. 
See also Disked^ Domed. 

Waviness, Surface.— Wave-like unevenness, 
or out-of-plane, in the surface of a plastic. 

Waviness, Internal. — An appearance of 
waviness seen in a transparent plastic. 

Weld-Mark. — Mark formed by the incom- 
plete union of tw^-o or more streams of 
plastic flowing together. 

Window. — A tiny, colorless, transparent 
area or speck in a sheet of colored or 
opaque plastic w^hich looks like a hole 
when the sheet is held to the light. 

Wrinkle. — A surface imperfection in lami- 
nated plastics that has the appearance 
of a crease or wrinkle in one or more 
outer sheets of the paper, fabric, or other 
base which has been pressed in. 

Terms not Recommended 

Bloom.— U bq Lubricant- Bloom. 

Blush. — Used loosely as having the various 
meanings of Chalking, Frosting^ oi Lubri- 
cant- Bloom, use definitions for these 
terms. 

Boil. — Small bubble ^ to in. in diameter. 

Use Bubble and state size if desirable to 
do so. ' 

Bulging. — Used either 'to : denote , a very 
large blister or as a synonym for Doming. 
Use Blister or Domed. 

Cafs Eye. — Use Fish-Eye. 

Chicken-Skin.— Orange-Peel. 
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Cold,—I)\M^ s'Cirtace apparently attributed 
to ^ a . cold mold. . Use Dull Surface. 

Cord, — -JJse Striae. 

Crush. — Use Fressurt-Break. 

Densifwation.--KcciAmt^l areas of lesser 
translucency in a translucent plastic 
not due to its shape. Describe as lacking 
translucency or opaque in certain areas, 

: etc.";'.. 

Dimple,-— Cst Sink-Mark. 

Dog-Skin.— Use Orange-Peel. 

Dry-Area. — Use Dry-Spot. 

Mow-Lines.— XJstA loosely with the same 
meaning as Striae, or Weld-Mark (use 
definitions for these terms) or to denote 
any streakiness taken to indicate the 
path followed by a plastic. 

Fog. — Use Haze. 

Gas-Mark. — Accidental areas of lesser trans- 


lucency in a translucent plastic, not due 
to its shape. Describe as lacking trans- 
lucency or opaque in certain areas, etc. 

Gas- Pocket. — Use Heat-Mark. 

Grease-Mark. — Use Lubricant- Bloom, 

Inverted Blister. — Use, Sink-M.ark. 

Low-Spot. — Use Thin-Spot. 

Pebble. — Use Orange-Peel. 

Piping.— Vse^ Sink-Mark. 

Pock-Mark. — Use Pit. 

Precure. — A Short which occurs after pre- 
heating of a mold charge or a delay In 
closing a mold. Sae Short. 

Seed. — Small bubble in. in diameter. 
Use Bubble. 

Skip. — Use Thin-Spot. 

String. — Use Striae. 

Tear-Drop.— Cst Fish- Eye. 

Unconverted-Spoi. — Use indow. 
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Standard Methods of 

SAMPLE PREPARATION FOR PHYSICAL TESTING OF 
RUBBER PRODUCTS! 



A.S.T.M, Designation: D 15-41 
Adopted, 1939; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 15; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. {a) These general methods are in- 
tended to apply to soft vulcanized rub- 
ber compounds such as are used for the 
lining and cover of hose and belting, for 
carcass and tread of tires, and for a 
wide variety of molded or extruded rub- 
ber products. They are not applicable 
without modification to material ordi- 
narily classed as hard rubber. 

(&) Only instructions for the prep- 
aration of test specimens of rubber 
products and the general requirements 
for approved testing are included in 
these general methods. Standard meth- 
ods for individual test procedures are 
provided separately or in specifications 
covering a particular material. 

(c) In case of conflict between the 
provisions of these methods and those 
of the individual test procedures or 
specifications for a particular material, 
the latter shall take precedence. 

’ Under tlie standardization procedure of tlie Society 
these methods are under the jurisdiction of the A.S.T.M, 
Committee D-11 on Rubber and Rubber-Like Materials. 

» Prior to their present adoption as standard, these 
methods were published as standard from 1915 to 1935, 
being revised in 1924 and 1932, but were withdrawn and 
republished as tentative from 1935 to 1939, being revised 
in 1938. 


Place of Test 

2. Tests shall be made at the place of 
manufacture, unless otherwise specified. 
The manufacturer shall provide the 
requisite facilities for conducting tests, 
including labor and equipment. 

Sampling 

3. (a) Samples shall be obtained, if 
possible, from the product to be tested 
and in sucji case shall be selected in 
accordance with the requirements of the 
specifications covering the particular 
material. 

(5) In case it is not practicable to 
obtain suitable test specimens from the 
finished article, the manufacturer shall, 
upon request, furnish pieces approxi- 
mately 6 by 6 by 0.075 in. which he 
guarantees to be of the same material and 
equivalent cure as that used in the article. 

Preparing Samples of Vulcanized Rub- 
ber 

4. In case samples of vulcanized rub-, 
her are to be prepared for purpose of 
tests from the Gompounding ingredients, 
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the preparation procedure® described in 
the following Paragraphs (a) to (e) shall 
be used: 

(a) All ingredients shall be accurately 
weighed to within 0.25 per cent of the 
weight specified. The final weight of 
the mixed batch and the sum of the 
weights of all ingredients shall not differ 
by an amount exceeding 0.6 per cent for 
a compounded batch or 0.3 per cent for 
pure gum or master batched stocks. 

(J) Mixing of the rubber compound 
shall be done on a laboratory rubber 
mill with rolls 12 in. in width by 6 in. 
in outside diameter having a working 
distance between the guides of 10§ in. 
The speed of the slow roll shall be 24 
rpm. and the gear ratio 1.4, or as near 
that figure as is compatible with good 
engineering practice. Sufficient cooling 
water shall be circulated through the 
mill rolls to maintain a roll temperature 
of approximately 158 F. (70 C.). 

(c) The rubber portion of the batch 
shall be broken down on a warm mill 
with mill opening of 0.055 in. until it 
runs smooth. The mill then shall be 
adjusted to the required opening in con- 
formity with the following: 


Volume of Distance Between 

Batch, ml. Rolls, in. 

1200 0.170 

1100 0.160 

1000. 0.14S 

900 0.130 

800 0.120 

700 0.110 

600 0.100 

500 0.085 

400 0.070 

300 0.055 


The compouiiding ingredients shall be 
next added to the rubber as rapidly as 
possible in the following order: 

(I) Accelerators and antioxidants 
(^) Carbon black • 

(S) 'Fillers, ■■ 

(4) Softeners 
_^,(5):, Sulfur":, ' ■ 

.1. ! is substantially in agreement witb 

tnatof tbe Physical Testing Committee, Division of Rub- 
ber Chemistry, Am. Chemical Soc. 


After, the ingredients are .all incorpo- 
rated, the batch shall be cut six times, 
alternating first from one side and then 
the other. This is to be interpreted as 
cutting two-thirds of the way across the 
roll and holding the rubber until the 
bank j ust disappears. After the six cuts 
are completed, the batch shall be cut 
across and rolled six times with the roll 
inserted endwise each time until the last 
when it shall be placed in the rolls 
lengthwise. Then, as soon as the bank 
is well balanced, the mill setting shall be 
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Fig. 1. — Design for Four Cavity Mold. 

adjusted to give a sheet approximately 
0.085 in. in thickness, after cooling and 
the batch is cut from the rolls. 

{i) The batch shall be cooled to room 
temperature on a flat surface and cut 
into slabs \ in. less in width and length 
than the corresponding dimensions of the 
mold cavity. Direction of grain of the 
rubber shall be marked on each sla.b. 
The unvulcanized stock shall be aged 
18 to 24 hr. before cure. 

Note.— I t is desirable, when possible, that 
the aging be in subdued light in air having a 
relative humidity of 45 per cent at 82 F, 
(28 C). 
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(e) The test slabs shall be vulcanized 

in a^ moM similar to that shown in Fig. 1, 
by being heated at a specified tempera- 
ture for a given time while held under 
molding pressure. For this purpose a 
hydraulic press with heated platens is 
convenient. The press shall give an 
intensity of pressure on the mold of not 
less than 500 psi. The platens shall be 
of such dimensions that no portion of the 
slab while curing is nearer than 3 in. 


The time of cure shall be that between 
the moment the hydraulic pressure 
reaches its maximum and the moment 
of release of the hydraulic pressure. 
The mold shall be brought to the curing 
temperature' before inserting the .un-, 
cured stock by being placed in the closed 
press for a period of not less than: 20 
min. The minimum possible time shall 
elapse after the stock is placed in the 
hot mold until the full hydraulic pres- 



Fig. 2. — Grinder for Buffing Samples, 
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to the edge of the platen. In order to 
avoid cool spots in the platens due to 
condensed moisture, presses of the bored 
platen type are recommended. If pla- 
tens of the chamber type are used, par- 
ticular attention must be paid to insuring 
good drainage by placing the steam out- 
let slightly below the steam chamber. 
In either case, the actual platen tem- 
peratures shall be verified by means of 
thermocouples in the mold or other suit- 
able temperature measuring device. 


sure is applied. The slabs shall be re- ! 
moved from the mold immediately after 
the conclusion of the cure and cooled in 
water for 10 min. after which they shall 
be wiped dry and reserved for test. 

Age of Samples 

5- All tests of rubber shall be made 
using specimens which have aged at 
least 24 hr. after vulcanization. Tests 
of rubber made more than 60 days after 
vulcanization shall not be considered as 
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evaluating the original qualities of the 

inateriaL 

, , Note.— ^Finished rubber products are not in 
a, completely stable condition as regards physi- 
cal properties. Immediately after cure, the 
rate of change is, rapid. During the first, 12 
to 24 hr. the rate becomes progressively less 
until a minimum is . reached. Very slow change 
continues, however, throughout the useful life 
of the article and is accelerated when the rubber 
is exposed , to heat, light, and air. 

Condition of Samples' ' 

6. Samples and specimens for test 
shall not be heated, immersed in water, 
nor subjected to any mechanical or 
chemical treatment prior to test except 
as specifically prescribed herein or in 
the standard test method. Any such 
treatment may definitely change the re- 
sults of test. Particular attention is 
necessary to avoid previous stretching 
through inadvertent handling. 

Temperature of Test 

7. All tests of rubber shall be made at 
a room temperature between 70 and 90 
F. (21 and 32 C.)- Test specimens shall 
be conditioned at the test temperature 
for at least 30 min, just prior to test. 
The actual test temperature shall be 
recorded in all cases. Close compari- 
sons should not be made between test 
results obtained under temperature con- 
ditions differing by more than 10 F. 

;(s.sc.)* 

Separation of Rubber 

8. (a) When the tests to be made re- 
quire prior separation of rubber from 
cotton fabric or other material, the 
separation shall be performed without 
the use of gasoline, if possible, and with- 
out rapture or excessive stretching. To 
avoid unnecessary stretching, it is desir- 
able to ■ cut the material into strips 
slightly wider than a test specimen. 
The separation shall be made gradually 


and a little at a time while the 'rubber is 
gripped near the point of separation. 

(b) If it is necessary to employ gaso- 
line to effect the separation, it shall be 
straight-run gasoline of the quality 
known as aviation grade and shall have 
the following characteristics: 

Specific gravity 60/60 F 0.685 to 0.705 

Distillation limits: 

Initial boiling point. ........ 100 to 120 F. 

10 per cent evaporated. . .... 128 to 143 F. 

20 per cent evaporated 140 to 155 F. 

30 per cent evaporated 150 to 164 F. 

40 per cent evaporated . 156 to 174 F. 

50 per cent evaporated . ..... 164 to 184 F. 

60 per cent evaporated. 173 to 194 F. 

70 per cent evaporated 182 to 207 F, 

80 per cent evaporated. 193 to 223 F. 

90 per cent evaporated 209 to 245 F.* 

95 per cent evaporated 224 to 260 F. 

Dry 250 to 286 F. 

Recovery, min 97 per cent 

Tjbe gasoline shall contain no lead compounds 
and shall not leave an appreciable amount of 
oily residue when evaporated. 

After use of gasoline, the rubber shall 
be placed so as to permit free evapora- 
tion from all parts of its surface and shall 
be allowed to rest at least 1 hr. before 
being tested. 

Buffing 

9. Samples of rubber shall be buffed 
when necessary to remove unevenness of 
surface which would interfere with an 
accurate measurement of thickness. Any 
unevenness of surface such as fabric 
impression or corrugations caused by 
contact with fabric components or with 
cloth wraps used for curing shall be 
removed by careful grinding, taking care 
to prevent excessive heating of the rub- 
ber samples. The grinder shall be 
equipped with an abrasive wheel of 
approximately No. 30 grit, 5 in. in 
diameter, revolving at a speed of 2500 
to 3500 rpm. and shall be provided with 
a slow feed. Suitable buffing equip- 
ment is shown in Figs. 2 and 3. In 
removing unevenness of surface, buffing 
should not be carried beyond the point 
at which the unevenness in gage just 
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disappears except iix the case of thick 
specimeiis where it is necessary to reduce 
the thickness for tension tests. The 
speed and cut shall be such as to result 
in a smooth uniform buffed surface with 



Fig. 3. — Grinder for BujB&ng Samples. 


a minimum of sample heating. When 
necessary to reduce the thickness of a 
sample for preparation of test specimens 
it may be desirable to slice the rubber 
approximately to the desired thickness 
and finish by buffing. Samples for 
preparation of tension specimens shall be 


buffed in strip form prior to dicing out 
the specimens. At least 30 'min. shal 
elapse between the buffing and testing of 
a specimen except that when -minimum 
requirements are established, as in test- 
ing for compliance with a particular 
specification, the rest period may be 
reduced to 10 min. 

Note.— S pecimens .with buffed surfaces in- 
stead of mold finish usually give slightly lower 
tensile strength test results because of the tend- 
ency for surface roughness to favor premature 
breaking of the specimens. 

Methods of Testing 

10. All tests of rubber parts shall be 
carried out in accordance with the re- 
quirements of the American Society for 
Testing Materials standard specifica- 
tions for the material or the A.S.T.M. 
standard test method for determining 
the specific physical property required. 

Retests 

11. Any lot represented by a sample 
which fails in one or more tests may be 
retested. For this purpose two addi- 
tional samples shall be selected. Fail- 
ure of either in any respect shall be cause 
for rejection. 
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Standard Methods oj 

TENSION TESTING OF VULCANIZED RUBBERi 


A.S*T.M, Designatioii: D 412 ~ 41 
Adopted, 1941.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 412; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 

Scope 

1. These methods describe the pro- 
cedures for determining stress-strain 
properties, tensile strength, ultimate 
elongation, and permanent set of the 
usual grades of soft vulcanized rubber 
such as tire carcass and tread compounds 
or those used in most mechanical rubber 
goods. They dso not apply to the testing 
of material ordinarily classed as hard 
rubber. 

Description of Terms 

2. (a) Tensile Strength is the tension 
load per unit cross-sectional area re- 
quired to break a test specimen of the 
type and in the manner herein described. 

Note. — Since rubber when so stressed usually 
stretches to a high degree with accompanying 
substantial reduction in cross-sectional area, 
and since precise measurement of the dimen- 
sions at the moment of breaking is not possible, 
the calculation of intensity of load is referred 
in all cases to the original cross-section. 

(J) Elongation is the extension pro- 
duced by a tension load in a section of a 

1 Under the standardimtion procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 

Committee D-11 on Rubber and Rubber-Like Materials, 

8 Prior to adoption as standard, these methods were 
published as tentative from 1935 to 1941, being revised in 
1936, 1939, 1940, and 1941. 


test specimen between gage marks placed 
on it, and is expressed as a percentage of 
the original distance between the marks. 
Ultimate elongation is the elongation at 
the moment of rupture. Elongation is 
also correctly designated by the term 
‘‘strain.” 

{c) Tensile Stress is the intensity of 
load referred to the original cross-section 
at the corresponding stated percentage of 
elongation which it produces. It is ex- 
pressed in pounds of tension load per 
square inch at the particular elongation, 
for example, 1000 psi. at 500 per cent 
elongation, and is often designated by 
the term “modulus.” It is used as an 
index of stiffness. 

(d) Permanent Set refers to the ex- 
tension remaining after a test specimen 
has been stretched and held at a specified 
elongation for a given period of time, re- 
lieved of load, and allowed to recover 
during a specified interval of rest as de- 
scribed in these methods. It is ex- 
pressed as a percentage of the original 
length and is used as an index of elas- 
ticity. 
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Fig. 1.~ Apparatus for Permanent Set Test. 
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Tension ' Test Apparatus , 

,3. Tensile strength, elongation, and 
stress-strain tests shall be made on a 
power-driven apparatus,, preferably of 
the inclination-balance or pendulum 
type. A spring-balance type of appa- 
ratus may be used if provided with a de- 
vice which, will indicate the actual maxi- 
mum load at which rupture took ■ place 
and if provision is made to prevent recoil 
of the spring. The machine shall fulfill 
the following requirements: 

(a) The applied tension as indicated 
by a dial or scale shall be accurate within 
plus or minus 1 per cent. 

(b) The indicator shall remain at the 
point of maximum load after rupture of 
the test specimen. 

(c) The grips which hold the speci- 
men in the testing machine shall be of a 
type which tightens automatically and 
exerts a uniform pressure across the grip- 
ping surface proportional to the applied 
tension so as to avoid uneven slipping 
and to insure failure of the test specimen 
in its constricted portion. 

(d) The rate of travel 'of the power 
actuated grip shall be 20 in. per min. and 
shall be uniform at all times. 

(e) Provision shall be made for meas- 
uring the elongation by a scale gradu- 
ated to 0.1 in. and suitably attached to 
measuring trammel points or held back 
of the test specimen. 

(f) The testing machine shall be cali- 
brated in accordance with the provisions 
of Section 4. 

(g) The tension testing machine may 
be equipped with a dynamometer head 
of the compensating type for convenience 
in eliminating calculations. 

(h) The testing machine used for a 
given test specimen shall be of such ca- 
pacity that the maximum load required 
to break the specimen shall not exceed 
85 nor be less than 15 per cent of the 
rated capacity. For tests of most rub- 


ber compounds using one of the test 
specimens described in these methods a 
machine of 150-Ib. maximum capacity 
will be satisfactory. For general use in 
tension testing of rubber, possible sepa- 
ration of the grips of at least 30 in. shall 
be provided. 

Calibration of Tension Testing Machines. 

4. Tension testing machines shall be 
calibrated by dead-weights applied in an 
ascending order while the machine is 
otherwise arranged in an entirely similar 
manner to that used when testing ma- 
terial. In each case, when additional 
calibrating weight is added the weight 
lever of the machine shall be moved to 
zero position and allowed to swing slowly 
upwards to the point where it will go no 
further. The dial of the machine should 
then clearly indicate the amount of the 
weight applied. 

Set Test Apparatus 

5. Permanent set tests may be carried 
out on the power driven tension machine 
described in Section 3; or the special 
apparatus illustrated in Fig. 1 may be 
employed. 

Preparation of Sample 

6. Except as may be otherwise speci- 
fied in these methods, the requirements 
of the Standard Methods of Sample 
Preparation for Physical Testing of Rub- 
ber Products (A.S.T.M. Designation; 
D 15) of the American Society for Test- 
ing Materials® shall be complied with and 
are made a part of these methods. 

Die for Test Specimens 

7. Unless otherwise prescribed in the 
specifications for the material being 
tested, the specimens for tension tests 
shall be stamped out with a steel die con- 
structed substantially in accordance with 

> Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Fig. 2. The dies shall be kept sharp and 
free from nicks to avoid leaving ragged 
edges on the rubber. Cutting may be 
facEitated by wetting the rubber surface 
and the cutting edges of the die. The 
rubber shall be rested on a smooth, 
slightly yielding surface which will not 
injure the blade. Lightweight card- 
board or a piece of leather belting is suit- 



tke grain, and it is assumed that unless other- 
wise specified all test specimens are to be pre- 
pared in, this manner. Where grain effects are 
significant and are to be evaluated, two sets of 
test specimens should be cut at right angles to 
each other. 

Test Specimens 

8. (a) The test specimens shall, con- 
form in shape to die A, B, C, or D as 



H-r-br-H 



I fti 

N2>I 
Section A-B. 



Inverted Plan. 

Fig. 2. — Die for J by 2-in. Specimens. 


Section C-D. 


able. Care shall be taken that the cut 
edges are perpendicular to the other sur- 
faces of the specimen and have a mini- 
mum of concavity. 

Note.— It is a well known fact that vul- 
canized rubber exhibits a grain effect which 
inffuences its physical properties. In the case 
of heavily loaded compounds the effect may 
produce a pronounced difference in physical 
properties. Laboratory practice is to test with 


shown in Fig. 3, and shall not vary in 
width in the reduced section by more 
than plus or minus 0.001 in. from the 
dimension shown. In no case shall the 
thickness of the test specimen exceed! in. 

(b) Die B or die C shall be used in all 
cases where the dimensions of the sample 
and the capacity of the testing machine 
permit except when otherwise specified 
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ia detailed specifications, or test methods 
covering a particular' product which 
shall take precedence. Die B' shall be 
used only in preparing specimens from 
compounds having high filler content. 
When the dimensions or form of a 
sample are such as to preclude the prepa- 
ration of adec|uate specimens using die B 



Die D 

Fig. 3. — Tensile Strength and Elongation Test 
Specimens. 


or die C, die D shall be used. In all 
cases in which the sample and the testing 
machine limitations permit a choice in 
die shapes, the die giving the higher 
test values shall be used as such higher 
results will be nearer the true value of 
the material. 

(c) Two parallel gage lines for use in 
determining elongation shall be marked 
on the reduced section perpendicular to 
the longitudinal axis of the specimen, one 


on each side of the center and in, or 1 
in. therefrom as required. The marks 
shall be as narrow as possible consistent 
with legibility. Use of a stamp with 
parallel steel blades is recommended but 
care shall be taken not to injure the 
rubber. 

(d) The thickness of the specimen 
shall be measured with a micrometer 
graduated to 0.001 in. having a presser 
foot 0.25 ±0.01 in. in diameter exerting 
a total force of 3.0 ±0.1 oz. The load 
shall be applied by means of a weight. 

(e) The minimum thickness and width 
of the specimen between the gage marks 
shall be taken in calculating the area 
used in determining the tensile strength 
of the specimen. In the case of speci- 
mens prepared with die D, the measure- 
ment of thickness shall be taken with 
the center of the micrometer foot coin- 
ciding with the longitudinal center line 
of the specimen so that there is an equal 
overlap of the foot on either side of the 
specimen. 

Number of Test Specimens 

9. (a) Three specimens per sample 
shall be tested for determinations of ten- 
sile strength, elongation, and stress- 
strain properties, except as noted in 
Paragraph (6). Results on specimens 
which break outside of the straight re- 
duced section or which are found to be 
imperfect shall be discarded and retests 
shall be made. In case the ultimate 
tensile strengths fail to check within 10 
per cent of the highest value obtained, 
additional specimens shall be tested untE 
two or more such check results are ob- 
tained. The final values shall be the 
averages of the check tests, discarding the 
determinations on samples which are 
outside of the above limit 

(6) When minimum requirements are 
established, as in testing for compliance 
with a particular specification, only one 
test shall be made for tensile strength, 
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ultimate elongation,' or stress-strain rela- 
tions. If tKe results are below the speci- 
fied requirements, two additional speci- 
mens shall be prepared from the original 
sample and tested. Should the results 
of either of these tests be below the speci- 
fied requirements, the sample shall be 
considered to have failed to conform to 
the specifications. 

(c) Two specimens per sample shall be 
tested for permanent set and the results 
shall not differ by more than 25 per cent 
of the percentage values obtained. In 
case of greater variation than specified, 
additional specimens shall be tested. 
The final value shall be the average of 
the check tests. Results on specimens 
found to be imperfect shall be discarded 
and retests shall be made. 

Procedure 

10. (a) Tensile Strength and Ultimate 
Elongation>—The test specimen shall be 
placed ill the grips of the testing machine, 
using care to adjust them symmetrically 
in order that the tension shall be distrib- 
uted uniformly over the cross-section. 
The grips shall be separated at the speci- 
fied rate of speed until rupture takes 
place, and during separation the distance 
between the gage marks on the specimen 
shall be noted continuously so that at the 
instant of rupture the distance is known 
within 0,1 in. This value shall be re- 
corded together with the original dis- 
tance between the gage marks from 
which data the ultimate elongation may 
be* calculated. After rupture of the 
specimen, the breaking load in pounds 
shall be noted from the dial or scale and 
recorded together with the original mini- 
mum width and thickness of the speci- 
men so that the tensile strength may be 
calculated. 

(J) Stress-Strain Properties, — -The 

procedure shall be the same as described 
in Paragraph (a) except that the load and 
extension shall be recorded at equal in- 


crements of 100 per cent elongation as 
well as at rupture. Use of an 'auto- 
graphic or spark recorder for registering 
observed loads is recommended. 

(c) Permanent The test speci- 
men shall be placed in the grips as de- 
scribed in Paragraph (a) and . the grips 
separated at the .machine speed or . by 
hand at a uniform rate of speed, such as 
to require approximately 15 sec. to reach 
the specified elongation. ' The specimen 
shall be held inThis stretched position for 
10 min., released immediately but with- 
out being allowed to ' snap back,. , and 
allowed to rest for 1 0 min. The distance 
between' the gage, marks shall then. be 
measured to the nearest 0.01 in. and re- 
.corded together .with the original .dis- 
.tance between, the gage., marks. The 
difference is the measurement , of the per- 
manent set. If no Specified elongation 
is given for the permanent set determina- 
tion, the test specimen shall be stretched 
an amount equal .to. three-fourths of the 
ultimate elongation . determined' . as in 
Paragraph (a) . 

Calculations . 

11, (a) T ensile Stfw^gik shall 
lated by. dividing .the breaking load in 
pounds by the original area of the cross- 
section of the test specimen in square 
inches and shall.be expressed, in pounds, 
per square inch. 

. (b) Ultimate Elongation shall be cal- 
■culated by ., subtracting the original 'dis- 
tance between gage marks in inches from 
the total distance between ' the marks at 
the time of rupture as measured in Sec- 
tion 10 (a) and expressing this difference 
as a percentage of the original distance as 
follows:' 

Ultimate .elougatio.n, per cent := - X 100 , 

where:,.' • 

D = distance at break, and 

G = original distance. 
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■ (c) Stress-Skain Properties . — Tensile 
stresses shall be calculated as in' the case 
of tensile strength except that the ob- 
served loads shall be used in place of the 
breaking load. Elongation ' or strain 
shall be calculated as in the case of ulti- 
mate elongation except that the observed 
distance between the gage marks at each 
recorded extension shall be used in place 
of the distance at break. 

{d) Permanent Set shall be calculated 
as a percentage of the original distance 
between the gage marks by taking the 
difference between the gage mark dis- 
tance after the rest period and the origi- 
nal distance as described in Section 10 
(r), multiplying by 100 and dividing the 
product by the original distance. 


Report 

12. The report shal include the 
following: 

(1) The results calculated in ac- 
cordance with Section 11, 

(2) All observed and recorded data 
on which the calculations are based, 

(J) The date of vulcanization of 
the rubber, if known, 

(4) The date of test, 

(5) The temperature of the test 
room, 

(6) The type of testing machine 
used, and 

(7) The dimensions of the die used 
in preparing the test specimens. 


' APPROVED AS ' 

AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: J4.1-1943 - 


Standard Method of Test for- 


ACCELERATED AGING OF VULCANIZED RUBBER BY THE 
OXYGEN-PRESSURE METHOD^ 



A.S.T.M, Designation: D 572 ~ 42 
Adopted, 1940; Revised, 1941, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 572; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method is intended for use in 
estimating the relative resistance of 
vulcanized rubber to age deterioration. 
No direct correlation between this ac- 
celerated test and natural life of rubber 
is given or implied. Since the rate at 
which deterioration proceeds during the 
normal life of rubber varies widely 
depending on conditions of exposure to 
beat, light, and air and on the composi- 
tion and state of cure of the rubber, this 
accelerated test is comparative only and 
must be evaluated against the perform- 
ance of rubber compounds of which both 
the natural and accelerated aging char- 
acteristics are known. 

Nature of Test 

2. ia) This aging test of rubber con- 
sists of subjecting test specimens having 

1 Under the standardization procedure of the Society, 
this method is under the Jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Dike Materials, 

* This method formerly comprised the oxygen-pressure 
test procedure in the former Tentative Methods of Test 
for Accelerated Aging of Vulcanized Rubber (D428 - 36T), 
which was published as tentative from 1935 to 1940, being 
revised in 1936, 


previously determined physical proper- 
ties to controlled deteriorating influences 
for known periods, after which the 
physical properties are again measured 
and the changes noted. In this method 
the test involves exposure of specimens 
to an elevated temperature and elevated 
oxygen pressure. This test is designated 
as an oxygen-pressure-chamber aging 
test. It does not include exposure to 
light. 

(&) In this aging test, the physical 
properties used to measure the deteriora- 
tion of the rubber, in addition to visual 
and manual inspection, are tensile 
strength and ultimate elongation or stress- 
strain relationship. Except as other- 
wise specified in this method, the 
determination of these properties before 
and after aging shall be carried out in 
accordance with the Standard Methods 
of Tension Testing of Vulcanized Rubber 
(A.S.T.M. Designation: D 412) of the 
American Society for Testing Ma- 
terials.® 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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General Methods 

3. (<^) Except as otherwise specified in 
this method, the requirements of the 
Standard Methods of Sample Prepara- 
tion for Physical Testing of' Rubber 
Products (A.S.T.M. Designation: D 15) 
of the American Society for Testing 
Materials^ shall be complied with and 
are made a part of this method. 

(6) In case of conflict between the 
provisions of this method and those of 
detailed specifications or methods of 
test for a particular material, the latter 
shall take precedence. 

Apparatus 

4. The oxygen-pressure chamber shall 
consist of a metal vessel designed to re- 
tain an internal atmosphere of oxygen 
gas under pressure, with provisions for 
placing rubber specimens within it and 
subjecting the whole to controlled uni- 
form temperature. Two suggested de- 



Fig. 1. — Oxygen Pressure Aging Chamber, 
Nonjacketed for Water or Air Bath, 



Fig. 2. — Oxygen Pressure Aging Chamber, Hot- Water Jacketed. 


signs which are suitable are shown in 
Figs. 1 and 2. The equipment shall 
conform to the following requirements: 

(a) The size of the chamber shall be 
optional but shall be such that the 
specimens may be suspended therein 
vertically without undue crowding and 


without touching each other or the 
sides of the chamber. 

(b) The source of heat is optional but 
shall be located outside of the aging 
chamber proper. 

(c) The heating medium is optional 
but water is preferred because of more 
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rapid heat transfer. When the design 
shown in Fig, 1 is used, it is convenient 
to employ for the^ heating a calorimeter 
' Water bath in which the entire chamber 
is immersed. If air is used, the following 
special precautions shall be taken in 
order that accurate, uniform heating is 
obtained in all parts of the aging 
chamber: 

(i) The heated air shall be thoroughly 
circulated around the vessel in the oven 
housing by means of mechanical agita- 
tion, and 

{2) Baffles shall be used as required 
to prevent local overheating and dead 
spots. 

id) Automatic temperature control of 
the heating medium by means of ther- 
mostatic regulation shall be used. If 
air is used as the heating medium, the 
preferred location of the temperature 
control is adjacent to the recording 
thermometer, 

(e) A recording thermometer located 
in the heating medium shall be provided 
to record the actual temperature. Pref- 
erably, the thermometer bulb shall be 
close to the wail of the pressure chamber 
but not touching it. If air is used as the 
heating medium, an actual check of 
temperature shall be made by means of 
maximum reading thermometers placed 
in various parts of the oven housing to 
verify the uniformity of heating. 

(jO Positive, rapid, and complete cir- 
culation of the heating medium shall be 
maintained so as to assure accurate, 
uniform heating. 

(g) The pressure chamber shall be 
equipped with a reliable safety valve set 
for release at 500 psi. pressure. 

Note: Caution . — Adequate safety provi- 
sions are important when heating oxidizable 
organic materials in oxygen since the rate of 
reaction may become very rapid in some cases, 
particularly if large surface area is exposed, and 
very high pressures may be developed. 


Test Speciineiis 

5. (a) Dumbbell-shaped , test speci- 
mens, prepared as described in the Stand- 
ard Methods of Tension Testing of 
Vulcanized Rubber (A.S.T.M. Designa- 
tion: D 412) of the American Society 
for Testing Materials^ shall be /con- 
sidered standard. Their form shall be 
such that no mechanical, chemical, or 
heat treatment will be required after 
aging. If buffing is necessary , it shall be 
performed prior to the aging cycle. 

(Z>) The dimensions of the test speci- 
mens for calculating the physical proper- 
ties shall be measured prior to starting 
the aging cycle. Care shall be taken 
that the material used for marking the 
gage lines on the specimens is not detri- 
mental to the rubber during aging expo- 
sure, causing the specimens to break at 
the marks prematurely during test. 
Only specimens of similar dimensions 
having approximately the same exposed 
areas may be compared with each other. 

Number of Test Specimens 

6. (a) At least three specimens shall 
be used to determine the average original 
physical properties of the rubber and 
also three or more specimens of the same 
material for each interval of the aging 
test. 

(6) "When minimum requirements are 
established, one test shall be made for 
tensile strength and elongation. If the 
results are below the specified require- 
ments, two additional specimens shall be 
prepared from the original sample and 
tested. Should the results of either of 
these tests be below the specified require- 
ments, the sample shall be considered 
to have failed to meet the specifications. 

Tests., of Tfnaged .Spedmens „ 

7. : (a) The stress-strain properties or 
tensile strength and ultimate elongation 
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of the original unaged specimens shall be 
determined within 24 hr. of the start of 
the aging period. Results on specimens 
which break outside of the straight re- 
duced section or which are found to be 
imperfect shall be discarded, and retests 
shall be made. 

' (b) When rubber compounds are to be 
tested for the purpose of determining 
compliance with a specification, it shall 
be permissible to determine the original 
properties required in Paragraph (a) 
simultaneously with the determination 
of the values after the first aging period 
even though the elapsed time exceeds 
24 hr. 

Procedure for Accelerated Aging 

8. (a) The specimens for aging shall be 
placed in the aging chamber after it has 
been preheated to the operating tem- 
perature. It is recommended that not 
more than 2.0 g. of actual rubber or 
oxidizable substance per cubic inch of 
capacity be placed in the chamber. 
Simultaneous aging of a mixed group of 
different compounds shall be avoided if 
possible. For instance, high-sulfur com- 
pounds should not be aged with low- 
sulfur compounds and those containing 
antioxidants should not be aged with 
those having no age-resistors. Some 
migration is known to occur. When 
starting a test, the air shall be flushed 
out of the oxygen-pressure chamber by 
releasing the oxygen pressure and re- 
filling, and the chamber shall be checked 
to make certain the apparatus does not 
leak. 

(A) The operating temperature shall 
be 70 ± 1 C. determined by measuring 
the temperature of the heating medium 
which shall be considered the same as 
that of the pressure chamber, 

(c) The pressure of oxygen supplied 
to the aging chamber shall be 300 d= 10 


psi. as measured by a calibrated pressure 
gage. 

(d) The aging interval shall start at 
the time the specimens are placed in the 
heated chamber and shall continue for a 
measured time interval The selection 
of suitable intervals of aging will depend 
on the rate of deterioration of the partic- 
ular material being tested. Time inter- 
vals frequently used are 24, 48, 72, and 
96 hr. 

(e) The aging intervals used shall be 
such that the deterioration will not be 
so great as to prevent determination of 
the final ph}Bical properties. In experi- 
mental work, it is desirable to use a 
range of periods, while for routine tests 
of known materials fewer intervals may 
be employed. 

(/) At the termination of the aging 
interval, the specimens shall be removed 
from the aging chamber, cooled to room 
temperature on a flat surface and allowed 
to rest not less than 16 hr. nor more than 
48 hr. before determination of the physi- 
cal properties. In relieving the pressure 
from the oxygen pressure chamber 
preparatory to removing the aged speci- 
mens, it is essential that the release be 
slow and uniform, requiring at least 5 
min. so as to avoid possible formation of 
porosity in the specimen. 

Note. — ^For the evaluation of rubber com- 
pounds intended for service at elevated temperar- 
tures, the above methods may be used with an 
operating temperature of 80 ± 1 C., employing 
time intervals as suggested in Paragraph (d), or 
as otherwise agreed upon. It should be noted 
that by increasing the aging temperature to 
80 C. from 70 C. the rate of oxidation may be 
expected to be approximately double, and if the 
rubber compound is of a rapid aging type, or if 
it is contaminated with such materials as copper 
or manganese, the rate of oxidation may be 
catalyzed to such extent as to become violent. 

Physical Tests of Aged Specimens 

9. The tensile strength and ultimate 
elongation or the stress-strain properties 
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of the specimens aged for different inter- 
vals shall be determined as the intervals 
terminate in the progress of aging, dis- 
regarding the fact that more specimens 
may still be aging. In determining the 
physical properties after aging, the final 
values shall be the average of results 
from at least two specimens including 
that one giving the highest value for ulti- 
mate tensile strength and any which 
check that value within 15 per cent. 
Results of tests of all other specimens 
shall be discarded. In the event that 
discarding of aged specimens both from 
faulty breaks and failure to check does 
not leave two satisfactory determina- 
tions, additional specimens shall be aged 
and tested until two or more check re- 
sults from properly broken specimens are 
obtained. After completion of the tests, 
the broken aged specimens shall be 
examined visually and manually and 
their condition noted. 

Calculations and Report 

10. (a) The results of the aging test 
shall be expressed as a percentage of the 


deterioration in each' physical property 
(tensile strength, ultimate elongation or 
tensile stress), calculated as follows: 

^ ' . / . ■ . 0 - A. . 

Percentage of deterioration « — X 100 

where: 

0 = original value, and 
A = value after aging. 

(b) The report shall include the fol- 
lowing: 

(1) The results calculated in ac- 
cordance with Paragraph (a), 

(2) All observed and recorded data 
on which the calculations are based, 

(J) Type of aging test, 

(4) The aging interval, 

(5) The aging temperature, 

(6) The dur^ation, temperature, and 
date of vulcanization of the rubber, if 
known, 

(7) Dates of original and final de- 
terminations of physical properties, 
and 

{$) Dimensions of test specimens. 
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ACCELERATED AGING OF VULCANIZED RUBBER BY THE 

OVEN METHOD' 
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I A.S.T.M, Designation: D 573 ~ 45 

‘ Adopted, 1940; Revised, 1941, 1942, 1945.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 573; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope 

L This method is intended for use 
in estimating the relative resistance of 
vulcanized rubber to age deterioration. 
No direct correlation between this ac- 
celerated test and natural life of rubber 
is given or implied. Since the rate at 
which deterioration proceeds during the 
normal life of rubber varies widely 
depending on conditions of exposure to 
heat, light, and air and on the composi- 
tion and state of cure of the rubber, this 
accelerated test is comparative only 
and must be evaluated against the 
performance of rubber compounds of 
which both the natural and accelerated 
aging characteristics are known. 

Mature of Test 

2. (a) This aging test of rubber con- 
sists of subjecting test specimens having 
previously determined physical proper- 
ties to controlled deteriorating influences 
for known periods, after which the physi- 

I Under the standardization procedure of the Society, 
this method Is under the jurisdiction of the A.ST.M. 
Committee D-U on Rubber and Rubber-Like Materials. 

* This method formerly comprised the air-oven test 
procedure in the former Tentative Methods of Test for 
Accelerated Aging of Vulcanized Rubber (D 428 -36 T), 
which was published as tentative from 1935 to 1940, being 
revised in 1936. 


cal properties are again measured and 
the changes noted. In this method the 
test involves exposure of specimens to 
an elevated temperature in air at atmos- 
pheric pressure. The test is designated 
as the air-oven aging test. It does not 
include exposure to light. 

(5) In this aging test, the physical 
properties used to measure the deteriora- 
tion of the rubber, in addition to visual 
and manual inspection, are tensile 
strength and ultimate elongation or 
stress-strain relationship. Except as 
otherwise specified in this method, the 
determination of these properties before 
and after aging shall be carried dut in 
accordance with the Standard Methods 
of Tension Testing of Vulcanized Rubber 
(A.S.T.M. Designation: D 412) of the 
American Society for Testing Materials.® 

General Methods 

3. {a) Except as otherwise specified in 
this method, the requirements of the 
Standard Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D 15) 
of the American Society for Testing 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Materials^ shall be complied with and 
are made a part of this method. 

(fe) In case of conflict between the 
provisions of this method and those of 
detailed specifications or methods of 
test for a pa-rticular material, the latter 
shall take precedence. 

Apparatus ■ 

4. The air oven shall conform to the 
following requirements: 

(a) The interior size shall be as fol- 
lows or of an equivalent volume: 

Interior size of air oven: 


Min. 12 by 12 by 12 in. 

Max 36 by 36 by 48 in. 


(6) Provision shall be made for sus- 
pending specimens vertically without 
touching each other or the sides of the 
aging chamber. 

{c) The temperature variation in vari- 
ous parts of the oven shall not exceed 
2C. 

(d) The heating medium for the aging 
chamber shall be air circulated within it 
at atmospheric pressure. 

(e) The source of heat is optional but 
shall be located in the air supply outside 
of the aging chamber proper. 

(f) A recording thermometer located 
in the upper central portion of the 
chamber near the center of the aging 
specimens shall be provided to record 
the actual aging temperature. 

(g) Automatic temperature control by 
means of thermostatic regulation shall 
be used. 

(h) The following special precautions 
shall be taken in order that accurate, 
uniform heating is obtained in all parts 
of the aging chamber: 

(7) The heated air shall be thor- 
oughly circulated in the oven by means 
of mechanical agitation, li^en a 
motor-driven fan is used, the air must 
not come in contact with the fan 


motor brash discharge because of 
danger of ozone formation. 

(2) Baffles shall be used as required 
to prevent local overheating and dead 

spots. 

(J) The thermostatic control de- 
vice shall be so located as to give accu- 
rate temperature control of the heat- 
ing medium. The preferred location 
is adjacent to the recording thermom- 
eter. 

(4) An actual check shall be made 
by means of maximum reading ther- 
mometers placed in various parts of 
the oven to verify the uniformity of 
the heating. 

Test Specimens 

5. (a) Dumbbell-shaped test speci- 
mens, prepared as described in the Stand- 
ard Methods of Tension Testing of 
Vulcanized Rubber (A.S.T.M. Designa- 
tion: D 412) of the American Society 
for Testing Materials^ shall be con- 
sidered standard. Their form shall be 
such that no mechanical, chemical, or 
heat treatment will be required after 
aging. If buffing is necessary, it shall be 
performed prior to the aging cycle. 

(b) The dimensions of the test speci- 
mens for calculating the physical prop- 
erties shall be measured prior to start- 
ing the aging cycle. Care shall be taken 
that the material used for marking the 
gage lines on the specimens is not detri- 
mental to the rubber during aging expo- 
sure, causing the specimens to break at 
the marks prematurely during test. 
Only specimens of similar dimensions 
having approximately the same exposed 
areas may be compared with each other. 

■Number of Test Specimens ■ 

6. (a) At least three specimens shall 
be used to determine the average original 
physical properties of the rubber and 
also three or mote specimens of the same 
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material for each interval of the aging 

test. . 

(6) When minimum requirements are 
established, one test shall be made for 
tensile strength and elongation. If the 
results are below the specified require- 
ments, two additional specimens shall be 
prepared from the original sample and 
tested. Should the results of either of 
these tests be below the specified require- 
ments, the sample shall be considered 
to have failed to meet the specifications. 

Tests ■ of Unaged Specimens 

7. (a) The stress-strain properties or 
tensile strength and ultimate elongation 
of the original unaged specimens shall be 
determined within 24 hr. of the start of 
the aging period. Results on specimens 
which break outside of the straight re- 
duced section or which are found to be 
imperfect shall be discarded, and retests 
shall be made. 

(b) When rubber compounds are to be 
tested for the purpose of determining 
compliance with a specification, it shall 
be permissible to determine the original 
properties required in Paragraph (a) 
simultaneously with the determination 
of the values after the first aging period 
even though the elapsed time exceeds 
24 hr. 

Procedure for Accelerated Aging 

8. (a) The specimens for aging shall 
be placed in the oven after it has been 
preheated to the operating temperature. 
Simultaneous aging of a mixed group of 
different compounds shall be avoided if 
possible. For instance, high-sulfur com- 
pounds should not be aged with low- 
sulfur compounds and those containing 
antioxidants shall not be aged with those 
having no age-resistors. Some migra- 
tion is known to occur. 

(b) The operating temperature shall 
be 70 ± 3 C. (Note). 


(c) The aging interval shall start at 
the -time the specimens are placed in the 
oven and shall continue for a measured 
time interval. The selection of suitable 
intervals of aging will depend on the 
rate of deterioration of the particular 
material being tested. Intervals fre- 
quently used are 2, 4, 7, and 14 days. 

(d) The aging intervals used shall be 
such that the deterioration will not be 
so great as to prevent determination of 
the final physical properties. In experi- 
mental work, it is desirable to use a 
range of periods, while for routine tests 
of known materials fewer intervals may 
be employed. 

(e) At the termination of the aging 
interval, the specimens shall be removed 
from the oven, cooled to room tempera- 
ture on a flat surface and allowed to rest 
not less than 16 hr. nor more than 48 
hr. before determination of the physical 
properties. 

Note. — For the evaluation of natural rubber 
compounds intended for service at elevated 
temperatures, the above methods may be used 
with an operating temperature of 90 rb 1 C. 
and for the evaluation of synthetic rubber com- 
pounds for all types of service, the above meth- 
ods may be used with an operating temperature 
of 100 ± 1 C., employing in both cases time 
intervals as suggested in Paragraph (c), or as 
otherwise agreed upon . It should be noted that, 
by increasing the aging temperature to 90 C. 
from 70 C., the rate of oxidation of natural 
rubber compounds may be expected to be ap- 
proximately quadrupled, and if the compound is 
of a rapid aging type, or if it is contaminated with 
such materials as copper or manganese salts, the 
rate may be catalyzed to such extent as to be- 
come violent. By increasing the aging tempera- 
ture to 100 C. from 70 C., the rate of oxidation 
of synthetic rubber compounds may be expected 
to be greatly increased, depending upon the 
type of formulations used, especially in re- 
spect to the amount of anti-oxidants which they 
contain. 

Physical Tests of Aged Specimens 

9. The tensile strength and ultimate 
elongation or the stress-strain properties 
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of the specimens aged for different inter- 
vals shall be determined as the intervals 
terminate in the progress of aging, dis- 
regarding the fact that more specimens 
may still be aging. In determining the 
physical properties after aging, the final 
values shall be the average of results 
from at least two specimens including 
that one giving the highest value for ulti- 
mate tensile strength and any which 
check that value within IS per cent. 
Results of tests of all other specimens 
shall be discarded. In the event that 
discarding of aged specimens both from 
faulty breaks and failure to check does 
not leave two satisfactory determina- 
tions, additional specimens shall be aged 
and tested until two or more check re- 



sults from properly broken specimens are 
obtained. After completion of the tests, 
the broken aged specimens shall be 
examined visually and manually and 
their condition noted. 

Calculations and Report 
10. (a) The results of the aging test 


shall be expressed as a percentage of the 
deterioration in each physical property 
(tensile strength, ultimate elongation, or 
tensile stress), calculated as follows: 

, . . 0- A 

Percentage of deterioration =* — X 100 

where: 

0 = original Value, and 
A — value after aging. 

(b) The report shall include the fob 
lowing: 

(1) The results calculated in ac- 
cordance with Paragraph (a), 

(2) All observed and recorded data 
on which the calculations are based, 

(5) Type of aging test, 

{4) The aging interval, 

(5) The aging temperature, 

(6) The duration, temperature, and 
date of vulcanization of the rubber, if 
known, 

(7) Dates of original and final de- 
terminations of physical properties, 
and 

(8) Dimensions of test specimens. 



Standard Method of 

AIR PRESSURE HEAT TEST OF VULCANIZED RUBBER‘ 



A.S.T.M. Designation: D 454 - 41 
Adopted, 1940; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 454; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method is intended for use 
as an accelerated test applicable for 
estimating the probable life of rubber 
compounds designed for high-tempera- 
ture service. It is not suitable for 
rubber products that have not been 
specifically designed to withstand ele- 
vated temperatures in service. No di- 
rect correlation between the test and 
actual life in service should be implied 
but when the test is used comparatively 
between rubber compounds of similar 
type, the measured changes give valuable 
indication as to the relative ability of 
each compound to withstand service 
conditions involving the same factors as 
those employed in the test. 

Type of Test 

2. {a) The air pressure heat test for 
rubber consists of exposing test speci- 
mens having previously determined 
physical properties to the deteriorating 
influence of air at specified elevated 

* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-il on Rubber and Rubber-Like Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1937 to 1940 


temperature and pressure for known 
periods, after which the physical proper- 
ties are again measured and the changes 
noted. 

{b) The physical properties used to 
measure the deterioration of the rubber, 
in addition to visual and manual inspec- 
tion, are tensile stress at a specified 
elongation, or tensile strength and ulti- 
mate elongation, or both. Except as 
otherwise specified in this method, the 
determination of these properties before 
and after each exposure period shall be 
carried out in accordance with the 
Standard Methods of Tension Testing 
of Vulcanized Rubber (A.S.T.M. Des- 
ignation: D 412) of the American So- 
ciety for Testing Materials.® 

General Methods 

3. {a) Except as may be otherwise 
specified in this method, the require- 
ments of the Standard Methods of 
Sample Preparation for Physical Testing 
of Rubber Products (A.S.T.M. Desig- 
nation: D 15) of the American Society 
for Testing Materials® shall be complied 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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with and are made a part of this 
metliod. , 

(b) In case of conflict between the 
provisions of this method and those of 
detailed specifications or methods of test 
for a particular material, the latter shall 
take precedence. 

Apparatus 

4. The air-pressure chamber shall 
consist of a metal vessel designed to 
maintain an internal atmosphere of air 
under known pressure with provisions 
for placing rubber specimens within it 
and subjecting them to controlled uni- 
form temperature. The equipment shall 
conform to the following requirements: 

(a) The size and shape of the chamber 
shall be optional but shall be such that 
the specimens may be suspended therein 
vertically without undue crowding and 
without touching each other or the sides 
of the chamber . 

(b) The operating temperature shall 
be 126.7 dz 1C. (260 ± 1.8 F.) de- 
termined by measurement at the center 
of the suspended specimens and shall be 
automatically controlled by means of 
thermostatic regulation. 

(c) The source and means of heating 
shall be optional but the uniformity of 
temperature distribution at various 
points within the pressure chamber shall 
be verified by actual check since the test 
is sensitive to small temperature vari- 
ations. Local overheating or “dead 
spots^^ shall be avoided. Care shall 
also be taken in the design of the equip- 
ment to avoid direct radiation of heat on 
the samples. 

(d) The apparatus and method of 
heating shall be so designed that the 
interval required for the chamber to 
reach the operating temperature at the 
beginning of a test shall be as short as 
possible. By proper precautions this 
lag may be reduced to less than 5 per 
cent of the usual minimum exposure 


periods. Provision shall also be made 
for rapid closing and opening of the / 
apparatus for introduction or removal of 
specimens. 

(e) The air pressure shall be main- 
tained at 80 zL 2.0 psi. during the 
exposure periods. Automatic regulation 
is recommended. 

(/) Suitable provision shall be made 
by separation, filtration, or otherwise 
for removal of oil, dirt, and moisture 
from the air entering the pressure 
chamber. Care shall also be taken to 
avoid any other introduction of oil or 
grease into the pressure chamber. 

(g) No copper or brass parts shall be 
exposed to the atmosphere used in the 
pressure chamber. 

(k) The pressure chamber shall be 
equipped with a reliable safety valve set 
for release at a pressure of not more than 
200 psi. 

Note: Adequate safety provi- 

sions are important when heating oxidizable or- 
ganic materials in air under pressure since the 
rate of oxidation may become very rapid in some 
cases, particularly if large surface area is exposed. 

Test Specimens 

5. (a) Dumbbell-shaped test speci- 
mens, prepared as described in the 
Standard Methods of Tension Testing 
of Vulcanized Rubber (A.S.T.M. Des- 
ignation: D 412) of the American So- 
ciety for Testing Materials,^ shall be 
considered standard. Their form shall 
be such that no mechanical, chemical, or 
heat treatment will be required after 
exposure in the pressure chamber. If 
buffing is necessary, it shall be per- 
formed prior to exposure. 

(6) The dimensions of the test speci- 
mens for calculating the physical proper- 
ties shall be measured prior to exposure 
in the pressure chamber. Care shall be 
taken that the material used for marking 
the gage lines on the specimens is not 
detrimental to the rubber during the 
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heat treatment,, causing the specimens to 
break at the marks prematurely during 
subsequent test. Only specimens of 
similar dimensions having approximately 
the same exposed areas may be com- 
pared with each other. 

Number of Tests 

6. At least three test specimens shall 
be used to determine the average original 
physical properties of each sample and 
also three or more specimens of the same 
material for each exposure period of the 
test. 

Tests of Original Specimens 

7. The tensile stress at a specified 
elongation or tensile strength and ulti- 
mate elongation, or both, of the original 
unexposed specimens shall be determined 
within 48 hr. of the start of the heat 
treatment. Results on specimens which 
break outside of the straight reduced 
section, or which are found to be im- 
perfect, shall be discarded and retests 
shall be made. 

Procedure 

8. (a) The specimens for exposure 
shall be suspended vertically in the 
p essure chamber after it has been 
preheated to the operating temperature. 
Simultaneous exposure of a mixed group 
of different compounds shall be avoided, 
if possible. For instance, high-sulfur 
compounds should not be exposed with 
low-sulfur compounds nor those con- 
taining antioxidants with those which 
do not, since some migration is known to 
occur under the conditions of the test. 

(J) The exposure period shall be con- 
sidered to start when the specimens are 
placed In the heated chamber which 
shall be closed immediately and the air 
pressure applied. This entire operation 
shall not require longer than 3 min. 
However, a record shall be kept of the 
time interval elapsing from the starting 


time until the temperature of the 
chamber reaches 126.7 C. (260 F.). If 
this interval exceeds 5 per cent of the 
total exposure time, approximate cor- 
rection shall be made by adding one- 
half of the interval to the exposure 
period. The exposure shall be con- 
tinuous for the specified time without 
pressure reduction or opening of the 
chamber for introduction or removal of 
specimens. 

(c) The selection of suitable periods of 
exposure will depend on the rate of 
deterioration of the particular material 
being tested and should be such that the 
deterioration will not be so great as to 
prevent determination of the final physi- 
cal properties. Intervals frequently 
used are 3, 5, 8, 12, 20, and 30 hr. In 
experimental work, it is desirable to 
employ a range of periods so as to 
determine the rate of deterioration but, 
for routine tests of known materials and 
for purchase acceptance purposes fewer 
intervals or even a single period may 
suffice. 

(d) At the termination of the exposure 
period, the air pressure shall be released 
gradually, this operation requiring at 
least 5 min. so as to avoid possible 
formation of porosity in the specimens 
which shall then be inmediately re- 
moved from the pressure chamber. 
The specimens shall be cooled to room 
temperature on a flat surface and 
allowed to rest not less than 16 nor more 
than 48 hr. before determination of the 
physical properties. 

Physical Tests of Exposed Specimens 

9. The tensile stress at a specified 
elongation, or tensile strength and ulti- 
mate elongation, or both, of the speci- 
mens exposed for different periods shall 
be determined as the intervals terminate, 
except that it shall be permissible to 
accumulate specimens for testing to- 
gether when this does not conflict with 
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the specified rest period. , In determining 
the final physical properties, the values 
shall be the average of results from at 
least two specimens, including that one 
giving the highest value for ultimate 
tensile strength and any which check 
that value within IS per cent. Results 
of tests of all other specimens shall be 
discarded. In the event that discarding 
of exposed specimens both from faulty 
breaks and failure to check does not 
leave two satisfactory determinations, 
additional specimens shall be exposed 
and tested until two or more check 
results from properly broken specimens 
are obtained. After completion of the 
tests, the broken specimens shall be 
examined visually and manually and 
their condition noted. 

Calculations and Report 

10. (a) The results of the air pressure 
heat test for each exposure period shall 
be expressed as a percentage of deteriora- 
tion in each physical property (tensile 


strength, ultimate elongation, or tensile 
stress), calculated as follows: 

. 0 E 

Percentage of deterioration «= — X' 100 
where: 

0 == original value, and 
E = value after exposure. 

(b) The report shall include the fol- 
lowing: 

(1) The results calculated in ac- 
cordance with Paragraph (a), 

(2) All observed and recorded data 
on which the calculations are based, 

(J) Description of the apparatus, 

(4) The exposure period, 

(5) Statement of condition of ex- 
posed specimens, 

(6) Dimensions of test specimens, 

(7) The duration, temperature, and 
date of vulcanization of the rubber, if 
known, and 

(S) Dates of original and final 
determination of physical properties. 



Standard Method of Test for 

RESISTANCE TO LIGHT CHECKING AND CRACKING OF 
RUBBER COMPOUNDS' 



A.S.T.M. Designation: D 518 - 44 

Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 518; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
use in estimating the comparative ability 
of soft rubber compounds to withstand 
the effect of sunlight and weather. It 
does not apply to the testing of material 
ordinarily classed as hard rubber. 

Note. — This method is not suited for use in 
purchase specifications both because correla- 
tion with service life is uncertain and because 
the results from duplicate specimens tested in 
different locations do not check. No relation 
between the results of the test and actual service 
performance is given or implied. The test is 
principally of value when used for comparisons 
between two or more rubber compounds. 

Type of Test . 

2. This test consists of continuously 
exposing rubber specimens held under 
strain in direct natural sunlight and 
weather for definite periods and ob- 
serving their deterioration as evidenced 
by the appearance and growth of minute 
cracks or crazing on the surfaces. The 
progressive deterioration may ultimately 
result in rupture of the specimens. 

I Under the standardwation procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
CommitteeiD-ll on Rubber and Rubber-Like Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1938 to 1944. 


. Method A. Exposure of Straight 
Specimens 

Apparatus 

3. The apparatus shall consist of the 
following: 

(а) Mounting Block . — A rectangular 
wooden block for supporting the ex- 
tended specimens. The block shall be 
5.5 in. in width and approximately 15 in. 
in length and shall have a thickness of 
not less than | in. The block shall have 
the grain running lengthwise and shall be 
suitably reinforced on the back to pre- 
vent warping. Both of the 15-in. edges 
of the face carrying the specimens shall 
be rounded with a l-in. radius. (Fig. 1 
shows the details of construction). The 
block shall be planed smooth and painted 
with two coats of du Pont clear lacquer 
or its equivalent. 

(б) Tacks . — Aluminum tacks, size No. 
6, made from Alloy No. 51-S for fasten- 
ing the specimens to the edges of the 
wooden block. 

{c) Angle .—Right-angled alum- 
inum molding strips | in, by | in. of 
approximately No. 22 gage for shielding 
the specimens where tacked and bent 
over the edges of the block. Strips 
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made from commercial alumimim sheet 
of alloy; No. 2-S are suitable. 

■Test Specimens 

4. (a) The test specimens .shall be 
rectangular strips 1 in. in width by 6 in. 
in length cut longitudinally from stand- 
ard laboratory test slabs having a 
thickness of 0.075 in. minimum and not 
to exceed 0.100 in. 

(b) Duplicate specimens shall be 
tested whenever possible. 


The aluminum shields shall then be 
mounted by means of screws on each of 
the long sides so that the |-in. leg covers 
the tacked, ends of the specimens and 
the i-in. leg covers the specimen at the 
bend on to the face of the block. 

(b) The extended specimens shall be 
exposed to the weather and sunlight, 
preferably on the roof of a building. 
The block holding the specimens shall be 
placed at an angle of 45 deg. from the 



Mounting Block- Material -Cypress 
Drill for f^ound Head Apply 2 Coats Clear Lacquer All Over 

Wood Screws for '^"7 “ — — , 
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Angle Strip-2 Required- Material No. 22 Gaoe Aluminum 
One Strip Stamped on Yz Face with Sample Identification 

Fig. 1. — Apparatus for Mounting Straight Rubber Specimens, Method A. 


Procedure 

5. (^) The test specimens shall be 
firmly fastened at -one end to one long 
side of the test block spacing them 
I in, apart and using three aluminum 
tacks per specimen. The strips shall 
then be drawn across the face of the 
block in such a manner as to cause an 
extension of 20 per cent measured 
between gage marks which shall be 4 in. 
apart centered at the middle of each 
strip. The other end of each specimen 
shall then be fastened in the same way 
to the opposite long side of the block. 


vertical with the extended specimens 
facing south. 

{c) The date on which the tests were 
begun shall be recorded and the specimen 
shall be examined daily thereafter for 
the effect of sunlight and weather. The 
time of the appearance of the first surface 
checking together with the time of the 
appearance of the first minute surface 
cracks on each specimen shall be re- 
corded. If desired, the exposure may 
subsequently be continued for the pur- 
pose of observing the rate of growth of 
the cracks or the developement of any 
characteristic or unusual surface effects. 
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Method B, Exposure of Looped Test 
Specimens 

Apparatus 

6. The apparatus shall consist of the 
following: 

{a) Clamping Strips , — Strips made of 
a medium-soft wood for clamping the 
specimens. Each strip shall be | in. in 
thickness, 1 in. in width, and 23 in. in 
length. Holes shall be drilled through 
the |-in. thickness of each strip at inter- 
vals of 1 A in. starting A in. from one 
end. The holes shall be made using a 




Specimen Measurements 
Before Taken After 
Clamping Clamping 

Fig. 2. — Cross-sectional View of Mounted 
Looped Specimen Showing Elongation at 
Different Parts, Method B. 

No. 22 drill (0.157 in. in diameter) and 
shall match in paired strips. The strips 
shall be fastened together using round- 
head chromium-plated or galvanized 
iron machine screws (commercial desig- 
nation: diameter No. 6, thread No. 32, 
length in.) fitted with nuts. 

(6) Base Panel.— A. base panel made 
of medium-soft wood upon which the 
clamped specimens are mounted. It 
shall be 24 in. in length, 8 in. in width, 
and at least | in. in thickness. Three 
cross-pieces each 8 in. in length, 1 in. in 
width, and | in. in thickness shall 
be fastened to the base. The cross- 


pieces shall be mounted f in, from each 
end of the panel and at the center. 
Each cross-piece shall be held in place 
by three 2-in. round-head chroinium- 
plated or galvanized iron machine screws 
(commercial designation: diameter No. 
6, thread No. 32, length 2 in.). These 
screws shall be fitted with jVin. washers 
on the underside of the base panel and 
shall fit into a |-in. counter-sink. The 
screws shall pass through the panel and 
through the cross-pieces, 1| in. from 
each end of the cross-pieces and through 
the center. These screws shall protrude 
above the surface of the panel to a 
height of about If in. and shall be used 
to fasten the wooden specimen strips 
securely to the base as described in 
Section 8 (6). 

ic) All wooden panels, strips and 
cross-pieces shall be painted with two 
coats of Dulux Suede No. 93503 or 
duPont Clear Lacquer, or its equiva- 
lent. 

Test Specimens 

7. {a) The test specimens shall hi 
rectangular strips 1 in. in width by 
3f in. in length, cut longitudinally from 
standard laboratory test slabs having a 
thickness of 0.075 in. minimum and not 
to exceed 0.100 in. 

(b) Duplicate test specimens shall be 
mounted whenever possible. 

Procedure 

8, (a) The test specimens shall be 
looped until their ends meet and these 
shall then be inserted between the 
paired wooden strips until they are 
flush with the underside of the stripA 
The minimum distance between speci- 
mens shall be J in. The wooden strips 
shall then be clamped together by 
means of machine screws so that the 
specimens shall be firmly held in place. 
As a result of the above procedure, 1 in. 
of each end of the specimen will be 
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covered by the wooden strips which 
will act as a protective shield. The 
remaining If in, of the specimen shall 
form a loop having a varying elongation 
along its length as illustrated in Fig. 2. 

(5) The rack of clamped specimens 
shall be mounted on the cross-pieces 
attached to the base panel by passing 
the protruding machine screws of the 
panel between the paired wooden strips 
and fastening with nuts and washers, as 
illustrated in Fig. 3. 


surface cracking • shall be recorded for 
each specimen. If desired the exposure 
may subsequently, be continued for the 
purpose of observing the rate of growth 
of' the cracks or the development of any 
characteristic or unusual surface effects. 

Report 

9. For each of the alternative 
methods, the report shall include the 
following: 

{a) Statement of method used, 

(b) Description of the specimens 



Fig. 3. — Assembled Panel, Showing Method of Mounting Looped Specimens. 


(c) The looped specimens shall next 
be exposed to the weather and sunlight, 
preferably on the roof of a building. 
The panel holding the specimens shall 
be placed at an angle of 45 deg. from the 
vertical with the specimens facing south. 

(d) The specimens shall be examined 
daily or as often as necessary for the 
effect of sunlight and weather . The 
time of appearance of checking as well 
as the time of appearance of initial 


identifying the rubber compounds and 
giving the duration, temperature, and 
date of vulcanization if known. 

(c) Dates of starting sunlight ex- 
posure and first appearance of surface 
checking and cracking. 

(d) Geographical location of the place 
of exposure. 

(e) Description of the appearance of 
the exposed specimens including, if 
feasible, a photographic record. 


APPROVED. AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA no:.; J3.1-1942 


Standard Methods of Test for 
ADHESION OF VULCANIZED RUBBER (FRICTION TEST)i 



A.S.T.M. Desigaation: D 413 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 413; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. {a) These methods cover the pro- 
cedures for testing the strength of ad- 
hesion between plies of fabric bonded 
with rubber or the adhesion of the rubber 
layer in articles made from rubber at- 
tached to another material. They are 
applicable only when the adhered sur- 
faces are approximately plane or uni- 
formly circular as in belting, hose, tire 
carcasses, or rubber-covered sheet metal. 
When the adhered surfaces contain sharp 
bends, angles or other gross irregulari- 
ties which cannot be avoided in prepar- 
ing test specimens, special methods 
must be employed for evaluating ad- 
hesion. Two general test procedures 
are given: 

Dead Weight Method in which the 
force is applied by means of weights. 

Machine Method in which the force 
is applied by means of a tension test- 
ing machine. 

(6) As covered by these methods an 
adhesion test shall be understood to con- 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-ll on Rubber and Rubber-Like Materials. 

® Prior to adoption as standard, these methods were 
published as tentative from 1935 to 1939, being revised in 
1936. 


sist of applying to a test specimen, under 
specified conditions, a measured force 
sufficient to strip from the specimen at a 
measured rate a layer of moderate thick- 
ness with separation at the adhered sur- 
faces. The numerical value of the ad- 
hesion may therefore be expressed as (i) 
average force required to cause separa- 
tion at a definite rate, or {2) average 
rate of separation caused by a known or 
specified force. In the machine method, 
the rate of separation is fixed and the 
adhesion value must be expressed in 
terms of the measured tension. With 
the dead-weight method, either item 1 
or 2 can be used but the latter is prefer- 
able and wdll be here employed. 

(c) Except as may be otherwise speci- 
fied in these methods, the requirements 
of the Standard Methods of Sample 
Preparation for Physical Testing of Rub- 
ber Products (A.S.T.M. Designation: D 
15) of the American Society for Testing 
Materials^ shall be complied with and 
are made a part of these methods. 

{d) In case of conflict between the 
provisions of these methods and those 
of detailed specifications or methods of 

3 Appears in this publication, see Contents in Numeric 
Sequence of A S.T.M. Designations at front of book. 
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I 





1 


test for a particular material, the latter 
shall take ^ precedence. 

'Test Specimens ■ 

2. (a) Test specimens shall conform 
to one of two types as follows: 

Strip Specimens . — Plane strips having 
a width of 1,00 ± 0.01 in., and a mini- 
mum length such as to permit separation 
over sufficient distance to indicate the 
adhesion value. 

Ring Specimens . — Closed rings having 
a width of 1.00 =b 0.01 in. and maximum 
internal diameter of 4 in, 

(6) Test specimens may vary in thick- 
ness according to the construction of 
the article being tested, but the portion 
from which a ply or layer is being sepa- 
rated shall not be of less thickness than 
such ply or layer and in no case shall the 
thickness of the latter exceed f in. If 
necessary, in order to comply with this 
requirement, slicing or buffing may be 
employed. 

(c) Curved specimens for test in strip 
form shall have curvature only in the 
length dimension of the test specimen. 

Cutting of Specimens 

' 3. (a) If practicable the test speci- 
mens shall be cut from the article to 
be tested in such manner that the ad- 
hered parts shall have the same l-in. 
width. When necessary, or when so 
specified, only the layer which is to be 
separated by application of load may be 
cut to the l-in. width but in such case, 
the portions of that layer remaining out- 
side of the test width shall be removed 
from the other layers to avoid edge con- 
striction during separation, 

(J) Cutting of test specimens shall be 
done using a sharp tool which will leave 
clean edges.- Ring specimens (as from 
hose samples) are conveniently pre- 
pared by mounting the material on a 
smooth, close-fitting, slightly tapered 
wooden mandrel which can be rotated 


in a lathe and the l-in. sections cut with a 
sharp-pointed' wet knife forced gradually 
through the material. 

(c) Rings having internal diameters 
over 4 in. shall ' be cut through ■ and 
opened to form strip specimens. 

Dead-Weight Method 

Apparatus 

4. The apparatus required for the 
adhesion test by the dead-weight method 



Fig. 1. — Clamp for Adhesion Test. 


consists of a supporting frame, testing 
clamps, mandrels, calibrated weights, 
and weight carriers. The supporting 
frame shall be of such design that clamps 
for strip specimens may be Bung on it 
vertically and that mandrels for ring 
specimens may be supported on it 
horizontally. The frame sliall have 
sufficient height to permit Weights to be 
suspended from the test specimens by 
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means of clamps and to hang freely 
during the progress of the test. Provi- 
sion also shall be made to support the 
mandrels so that they may revolve 
freely with minimum friction. Suitable 
apparatus is shown in Figs. 1 and 2. 

Procedure 

5. (a) Testing Strip Specimens , — ^The 
parts to be tested shall be separated by 


men, or the specimen may be held 
against a vertical plate in such a manner 
as to keep the specimen in appro:xi- 
mately a vertical position during test. 
A specified or known weight shall be 
applied by means of a clamp and w^eight 
carrier to the layer of which the adhesion 
is to be determined. The weight of the 
clamp and carrier shall be included in 
the total weight causing separation. 


Fig. 2, — Mandrels and Frame for Dead-Weight Adhesion Test. 


hand at one end of the strip specimen a 
sufficient distance to permit attaching 
the jaws of the testing clamp. The strip 
shall be suspended from the supporting 
frame by the separated end, all separate 
parts of which except the one under test, 
shall be held in the jaws of the testing 
clamp. A minimum weight sufiicient to 
maintain the strip specimen in approxi- 
mately a vertical position shall be at- 
tached to the lower end of the test speci- 


Suitable provision shall be made for re- 
leasing the weight slowly without jerking 
and in such a manner that the separating 
layer will be stripped from the specimen 
approximately at an angle of 180 deg. 

(6) Testing Ring Specimens , — The 
ring specimen shall be placed snugly 
on a mandrel having an outside diameter 
substantially the same as the internal 
diameter of the ring. The parts to be 
tested shall be separated sufficiently by 
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hand to permit attaching' the jaws of ■ 
the ' testing clamp. With the mandrel 
resting on the supporting frame, a known 
or specified weight shall be applied by 
means of the clamp and a weight carrier 
to the layer of which the adhesion is to be 
tested. The weight of the clamp and 
carrier shall be included in the total 
weight causing separation. Suitable 
provision shall be made for releasing 
the weight slowly without jerking and in 
such a manner that the separating layer 
will be stripped from the specimen ap- 
proximately at an angle of 90 deg. 

(c) Rate of Separation.— The rate of 
separation shall be determined by ob- 
serving the duration of the test with a 
stop-watch or a watch having a second 
hand and by measuring, after the weight 
has been removed, the length stripped 
between marks placed at the beginning 
and end of the test on the other portion 
than that stripped. 

Machine Method 

Apparatus 

6. Adhesion tests by the machine 
method shall be made on a power-driven 
apparatus, preferably of the inclination 
balance or pendulum type, although a 
spring-balance apparatus may be used. 
The machine shall fulfill the require- 
ments prescribed in the following Para- 
graphs to (/): 

(a) The applied tension as measured 
and recorded shall be accurate within 
plus or minus 1 per cent. 

(&) Strip specimens shall be held in the 
testing machine by grips which clamp 
firmly and prevent slipping at all times 
during the test For ring specimens: 
the grip attached to the recording head 
of the machine shall be replaced with a 
freely rotating mandrel having an out- 
side diameter substantially the same as 
the inside diameter of the ring which is 
placed on it. The mandrel shall be 
mounted in such a way that its axis of 


rotation wiU be in the plane of the ply 
being separated from the ring and that 
the applied force will be normal to the 
tangent of the ring circumference at the 
line of separation. 

(c) The rate of travel of the power- 
actuated grip shall be 2 in. per min. for 
strip specimens and 1 in. per min. for 
ring specimens. These rates which pro- 
vide a separation of 1 in. per min. in 
both cases shall be uniform throughout 
the tests. 

(d) The machine shall be operated 
without any device for maintaining 
maximum load indication. In pendu- 
lum type machines, the weight lever 
shall swing as a free pendulum without 
engagement of pawls. 

(e) The machine shall be autographic 
giving a chart having the inches of sepa- 
ration as one axis and applied tension 
as the other axis of coordinates. 

(/) The machine shall be of such 
capacity that the maximum applied 
tension during the adhesion test shall 
not exceed 85 per cent nor be less than 
15 per cent of the rated capacity. 

Procedure 

7. (a) Strip Specimens . — The parts 
to be tested shall be separated by hand 
at one end of the test specimen a suffi- 
cient distance to permit clamping in the 
grips of the machine. The separated 
end of the specimen with all separate 
parts except the one under test securely 
gripped shall be attached to the record- 
ing head by means of a clamp using care 
to adjust it symmetrically in order that 
the tension shall be distributed uni- 
formly. Provision shall be made to 
maintain the strip during test approxi- 
mately in the plane of the clamps. This 
may be done either by attaching the 
minimum weight required to the free end 
of the specimen or by holding the speci- 
men against a plate attached to the 
stationary clamp but, in either case, the 
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added weiglit shall be taken into account 
in determining the load causing separa- 
tion. That layer of the specimen of 
which the adhesion is to be tested shall 
be gripped symmetrically and firmly 
without twisting in the power-actuated 
clamp. The autographic mechanism 
and chart shall be adjusted to zero and 
the machine started. The separating 
layer shall be stripped from the speci- 
men approximately at an angle of 180 
deg. and the separation continued for a 
sufficient distance to indicate the adlie- 
sion value. 

(b) Ring Specimens . — With ring speci- 
mens that layer of the specimen of which 
the adhesion is to be tested shall be 
separated from the specimen by band 
sufficiently to permit attaching the 
power-actuated clamp of the machine. 
The specimen shall be placed snugly on 
the test mandrel as described in Section 
6 (S). With the mandrel attached to 
the recording head of the machine and 
the separated layer gripped sym- 
metrically and firmly without twisting 
in the power-actuated clamp, the auto- 
graphic mechanism and chart shall be 
adjusted to zero and the machine 
started. The separating layer shall be 
stripped from, the specimen approxi- 
mately at an angle of 90 deg. to the 
tangent of the specimen surface and the 
separation continued for a sufficient 
distance to indicate the adhesion value. 
During the test, the mandrel shall rotate 
freely so as to maintain the line of 
separation at ail times approximately in 
the same position. 

Precautions, Check Tests, and 
Report 

Tearing 

8. If, during a test, one of the parts 
begins to tear instead of separating from 
the other part of the specimen, the 
material being torn shall be cut with a 
knife up to the surface of contact be- 
tween the two parts and the test started 


again. ■■ If one of the parts repeatedly ■ 
tears, instead of separating from the ' ' , 
other part, a satisfactory result may be 
secured in the dead- weight method by 
reducing the amount of the weight used 
if this is permitted. In case of repeated 
tearing when using the machine method, 
the average load at which tearing occurs 
shall be taken as the result of the test. 

In cases of tearing, the results shall be so 
designated. 

Effect of Temperature 

9. The results of this test are affected 
by temperature. Elevating the tem- 
perature causes a faster rate of stripping 
under a given load. The temperature 
during test shall therefore be between 70 
and 90 F. (21 and 32 C.) and the actual 
temperature shall be recorded. 

Interpretation of Results 

10. {a) In the dead-weight method, 
no Stripping is started unless a certain 
weight is used. Small increments in 
weight do not progressively cause pro- 
portional increases in rate of separation. 
With increasing weight the rate in- 
creases slowly at first and finally very 
rapidly. Rate of separation must there- 
fore be interpreted carefully, A speci- 
men required to separate not more than 

1 in. per min. under 20-lb. weight might . 
be regarded as very inferior if the test 
result was 5 in. per min. The same 
specimen might not strip at ail under 
15-lb. weight and might meet the re- 
quirement with 18-lb. weight. 

(5) The true adhesion value is not 
determined in case the specimens re- 
peatedly tear. The test, however, indi- 
cates that the strength of adhesion 
exceeds the strength of the material and 
that the adhesion value is not less than 
the result obtained. 

(c) Adhesion values may differ be- 
tween different plies of the same article 
of plied construction and also at different 
points along the same ply. The adhe- ^ 
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sion value of one, ply to another is taken 
as the average result of the test over 
a reasonable distance of separation. 
When possible, a distance of separation 
of at least 4 in. shall be used. 

Checi: Tests' 

11. The adhesion value shall be based 
oh the result of a single test. In case of 
testing to meet a specified value, one 
check test shall be made if the average 
strength as determined by the machine 
method fails by less than 0.5 lb. to meet 
the specifications or if the rate of separa- 
tion determined by the dead-weight 
method exceeds the specified rate by not 
more than 10 per cent. The check test 
result shall be considered final. 

Expression of Results 

12. (a) With the dead-weight method, 
the value of the adhesion shall be re- 
ported as inches of separation per 
minute per inch of width under a stated 
weight. 


(b) With the. machine method, the 
autographic chart constitutes the report 
but the value of; the adhesion shall be 
determined by drawing on the chart 
the best average line between the maxi- 
mum and minimum load values. The 
load so indicated, expressed in pounds 
per inch of width for separation at 1 in. 
per min., shall be reported as the adhe- 
sion value. 

Report 

13. The report shall include the 
following: 

(a) Results of the adhesion test ex- 
pressed in accordance with Section 12^ 

(b) All observations and recorded 
data on which the results are based, 

(c) Date of manufacture or vulcaniza- 
tion of rubber, if known, 

(d) Date of test, 

(e) Statement of method used, 

(/) Temperature of test room, and 

(g) Dimensions of test specimen. 



Standard Method of Test for 
ADHESION OF VULCANIZED RUBBER TO METAL‘ 



A.S.T.M. Designation; D 429 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 429; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope ■ 

1. (a) This method covers the pro- 
cedure for testing the strength of ad- 
hesion of rubber to metal in articles 
whei'e a rubber part is assembled 
between two parallel metal plates. 

(6) The method is designed primarily 
to apply to specimens prepared in a 
laboratory under standardized condi- 
tions such as may be used to provide 
data for development and control of 
rubber compounds and methods of 
manufacture. With slight modifica- 
tions as indicated, it may also be used 
for obtaining comparative adhesion tests 
of production parts whenever the design 
permits preparation of suitable test 
specimens. It is applicable in the case 
of many automotive parts in which 
rubber is used for the purpose of damp- 
ing vibration. 

{c) The method does not cover the 
testing of adhesion of rubber to metal 
when the part has metal on one side of 


J Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-11 on Rubber and Rubber Like Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1935 to 1939, being revised in 
1936. 


the rubber only. For such cases refer- 
ence should be made to the Standard 
Methods of Test for Adhesion of Vul- 
canized Rubber (Friction Test) 
(A.S.T.M. Designation: D 413) of the 
American Society for Testing Materials.® 

{d) Except as otherwise specified in 
this method, the requirements of the 
Standard Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D IS) 
of the American Society of Testing 
Materials® shall be complied with and 
are made a part of this method. 

Apparatus 

2. (a) Testing Machine , — A tension 
testing machine conforming to the re- 
quirements of the Standard Methods 
of Verification of Testing Machines 
(A.S.T.M, Designation: E 4) of the 
American Society for Testing Materials® 
shall be used for measuring the strength 
of adhesion. The moving head of the 
machine shall travel at the rate of 1 in. 
per min. The machine shall be pro- 
vided with a recording device to give the 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 
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total pull in pounds at the conclusion 
of the test. A machine of not more 
than 10, OOO-lb, capacity will be found 
suitable in most cases. 


load during test. Specially molded lab- 
oratory specimens shall be attached by 
means of threaded studs on the metal 
parts as shown in Fig. 1, but with speci- 


Fig. 1. — Views of Test Specimen Showing Individual Metal Parts and Rubber Cylinders, 


Fig. 2. — Adhesion Test Specimen Attached in Testing Machine. 


(b) Grips . — The fixtures for holding 
the specimen in the testing machine will 
depend on the type of specimen but in 
all cases shall be provided with ball 
seats to permit proper centering of the 


mens cut from production parts the 
clamp illustrated in Fig. 4 shall be used. 

Standard Test Specimens 
3. The standard test specimen shall 
consist of a cylinder of rubber 0.500 =fc 



Test foe Adhesion of Rhbbee to Metae:' (D. 429 - 3:9) 


279 


O.CDS in* in thickness and 1.597 =fc 0..001 
in. in diameter having its circular ends 
attached to the faces of two metal 
plates each 0.375 in. in thickness and 
of the same diameter as the rubber 
cylinder. The metal plates shall have 
smooth flat faces which shall be parallel 
in the finished specimen. The cylin- 
drical shape is used to eliminate sharp 
corners and to give uniform distribution 
of the pulling force. The specified 
diameter which provides a cross- 
sectional area of 2 sq. in. and the |-in. 
thickness of rubber have been selected 


(a) Circular metal parts of standard 
dimensions shall be machined from rolled 
bar steel, S.A.E. No. 1020,^ each having 
on the back face a round stud I in. in 
diameter and | in. in length, threaded 
with 20 threads per inch as shown in 
Fig. 3. The stud is used for attaching 
the test piece to the loading fixture in 
the testing machine. The smoothly 
machined test faces of the metals shall 
be brass plated or prepared in accord- 
ance with any method for securing 
adhesion which may be under investi- 
gation. 



to provide as large a volume of rubber 
as advisable without introducing possi- 
bility of variations in cure and elonga- 
tion which would affect the total pull 
required during test to cause complete 
separation of the rubber from the metal. 

Laboratory Preparation of Standard 

Test Specimens 

4. The standard test specimens to be 
used for development and control pur- 
poses shall be prepared in the laboratory 
as described in the following Paragraphs 
(a) to (^) ; 


(6) Unvulcanized rubber pieces shall 
be cut to dimensions of If in. in diameter 
and i in. in thickness so as to give 
maximum pressure of the rubber against 
the metal surfaces during vulcanization 
(see Fig. 1). The surfaces to be ad- 
hered shall be washed or treated in 
accordance with the method being 
investigated. 

(c) The metal parts and rubber pieces 
shall then be assembled for vulcaniza- 
tion in the mold shown in Fig, 3. The 
method of assembly is illustrated in 


4 1946 S.A.E. Handbook, p. 300. 
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Fig. 4. — Method of Testmg Adhesioa When 
Sample Section Is Taken from Production Parts. 

Fig, 1. The mold is so constructed that 
there is obtained after vulcanization ap- 
proximately 0.0015 in. of rubber over 


the edge of the metal to eliminate tear- 
ing of the rubber during test from the 
sharp edge of the metal. Prior to 
vulcanization great .care' shall be taken,' 
to keep the surfaces to be adhered clean 
and free from dust, moisture, or other 
foreign material. The surfaces shall 
not be touched with the hands. 

(d) Vulcanization shall be carried out 
by heating the mold for a definite time 
at a controlled temperature in a hy- 
draulic vulcanizing press. The time and 
temperature of cure shall be chosen ac- 
cording to the rubber compound used, 
At the conclusion of the cure, care shall 
be taken in removing the. specimens 
from the mold to avoid subjecting the 
adhered surfaces to stress before the 
specimens have cooled. 

(e) After vulcanization the specimens 
shall be kept at room temperature at 
least 24 hr. before being tested. 

Test Specimens from Production Parts 

5. (a) For comparative tests of adhe- 
sion in production parts it is necessary 
to select a portion of the part such that 
a specimen consisting of a rubber piece 
sandwiched between two parallel plates 
of metal may be cut. The speci- 
men shall be hollow-milled out of the 
production part and the piece shall be 
jSinished either by turning or grinding 
down to size in such a manner that the 
surfaces of the rubber and metal shall 
be free from imperfections which would 
have any tendency to start a tear in the 
rubber part during the application of 
tension while testing. 

(fi) In routine production testing, it 
is sometimes necessary to test specimens 
of different size and shape than those 
specified as standard. In such cases, 
the method of preparation shall be 
similar to that given in Paragraph (a) 
but the test results secured shall not be 
compared with those obtained using 
the standard test specimen. 
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Procedtire 

6. The vulcanized standard test speci- 
men or the specimen cut from a pro- 
duction part shall be mounted in the 
testing machine, ' as shown in Fig. 2, 
using care in centering and adjust- 
ment so that the tension shall be uni- 
formly distributed, A steady tension 
load shall then be applied at the spec- 
ified machine speed until the rubber 
either separates from the metal surface 
or ruptures. The total load at the 
time of failure shall be recorded. In 
case of rupture in the rubber, the 
strength of the adhesion bond is obvi- 
ously not measured, but is shown to be 
greater than the strength of the rubber 
itself. Notation to this effect shall be 
made on the test report. It is usual, 
however, when high-grade rubber com- 
pounds are used, for the failure to occur 
at the rubber-metal interface, and the 
maximum applied pull then truly evalu- 
ates the strength of adhesion. 

Check Tests 

7. Two tests shall be made and the 
average value taken if the results check 
within 100 psi. In the event that the 
two results fail to check within 100 psi., 
three additional specimens shall be 
tested and the average of all five tests 
shall be reported. 

Calculation 

8. The adhesion value shall be ex- 
pressed in pounds per square inch and 


shall be calculated by dividing the ten- 
sion load causing failure by the original 
area of the adhered surface which 
separates. With the standard test speci- 
men, the value is the load at failure 
divided by two. In case of rupture of 
the rubber, the value reported is the 
load at failure divided by the original 
cross-sectional area of the specimen. 

Report 

9. The report shall include the fol- 
lowing: 

(a) The result calculated in accord- 
ance with Section 8, 

(b) All observed and recorded data, 

(c) Notation of the type of separation 
and statement of whether the results 
show true adhesion values or strength 
of the rubber, 

(d) A description of the specimen in- 
cluding statement of method of securing 
adhesion if known and notation of 
whether the specimen was molded in the 
laboratory or prepared from a produc- 
tion part, 

(e) Dimensions of the test specimen 
(comparisons may only be made be- 
tween specimens of the same size and 
shape), 

(f) Date of manufacture or vulcaniza- 
tion, if known, 

(g) Time and temperature of vul- 
canization, if known, 

(h) Temperature of test room, and 

(i) Date of test. 
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A.S.T.M. Designation: B 394-46 
Adopted, 1940; Revised, 1946. 

TMs Standard'of the American Society for Testing Materials is issued under 
the fixed designation D 394; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These methods are designed to 
measure the abrasion resistance of soft 
vulcanized rubber compounds, such as 
gum stocks, boot and shoe stocks, tread 
stocks, etc. No relation between this test 
and service performance's given or im- 
plied. The significance to be attached to 
the results can only be determined by 
each laboratory for its particular problem. 
It shall not be used for purchase specifi- 
cations because of the difficulty of repro- 
ducing comparison standard compounds 
in separate laboratories. The value of 
having the test in standardized form for 
intercomparisons and for the interpreta- 
tion of results is, however, unquestioned. 

(i) These methods cover three test 
procedures using the following different 
types of apparatus: 

Method A. E. I. du Pont de Nemours 
and Co. Abrader. 

Method B. National Bureau of 
Standards Abrader, 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1934 to 1940, being revised in 
1937 and 1940. 


Method C. United States Rubber Co. 

Abrader. 

Type of Materials Tested 

2. Any vulcanized rubber compound, 
whether prepared experimentally in the 
laboratory, taken from process during 
manufacture, or cut from a finished 
article of commerce (providing a section 
of sufficient size is available), may be 
tested. It is assumed that the bulk of 
the testing will be on compounds espe- 
cially designed to withstand abrasion, 
and that the test will be carried out with 
a comparison standard of the same 
general characteristics. 

Comparison Standards 

3. In order to cover the large variety 
of compounds that can be tested under 
this method, the three standard com- 
pounds prescribed in Table I are recom- 
mended as comparison standards. The 
sample shall be compared with that 
comparison standard having physical 
properties (stress-strain values and hard- 
ness) most nearly matching the sample 
compound. 
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Preparation of Comparison Standard® 

4. Having determined which of the 
three comparison standards is to be used, 
the following procedure shall be followed: 

(a) Weighing Ingredients.--- ’weigh- 
ing of all ingredients shall be 'accurate to 
within 0.25 per cent of the weight speci- 
fied. The final weight of' the mixed 
batch and the sum of the weights of each 


passing through the rolls ' and a uniform 
initial temperature, it is certain the .mix- 
ing process can be made quite uniform. 

(d) Mill Opening.-— It is essential that 
the relation between batch volume and 
mill opening shall be regulated to develop 
an' active bank. Since it is neither 
practical nor economical to standardize 
the size of the batch, it is recommended 
that mill openings be adjusted to the 


TABLE I.—COMP ARISON STANDARDS. 



Parts by Weight® ' 

Comparison Standards 


^ ' ■; 

B ' 

■t.tc 

First latex pale crepe. 

50 



No. 1 smoke sheet 

so 

100 

. 100 ' ' 

Zinc oxide. 

■ . .5.- ' 

20 

' ■ ''5 



30 

45 ■■ ■ 

Stearic acid, c. p., 

. i ' . . ! 

' 2 

■ ■ 4 ■ 

Medium pine tar 



■ ■■ 4 , , 

Mercapto-benzo-thiazole. 

i ' ■ ■ 


, 1 ■ . 

Dior! ho-tolyl-guanidine 


1.25 


Phenyi-beta-naplithylamine ■ . . . . 


' ■ i '■ 

■ ■ 1 

Sulfur ■ 

3 

^3.5, 

•3 ■ ' 


60 min. at 

259 F. (126 C.) 
(20 Ib. steam) 

60 min. at 

287 F, (142 C.) 

70 min. at 

259 F. (126 C.) 


(40 lb. steam) | 

(20 lb. steam) 


“ It is recognized that the compounding materials shown above may vary and should be completely defined. The 
attention of Committee D-11 on Rubber Products has been directed toward this problem in the hope of arriving _at a satis- 
factory solution. After extensive cooperative test investigation, it has been established that, with test specimens for 
Method A prepared from comparison standard compound B in a central laboratory, the volume loss per horsepower hotir 
can be raaintamed at 200 cu.cm. =1=5 per cent when determined by the standard procedure using standarixed abrasive 
paper. The laboratories of V, L. Smithers, Inc., 2706 First Central Tower, Akron, Ohio, are prepared to furnish such 
certified test .specimens together with abrasive disks and instructions for calibrating machines and methods to this 
andard. 
t 


ingredient shall not differ by an amount 
exceeding 0.6 per cent for a compounded 
stock or 0.3 per cent for pure ' gum or 
master-batched stocks. 

(J) Miiri)a/u..-~The rolls of the labo- 
ratory ;mill shall be 6 in. in outside di- 
ameter by 12 in. in length with 10| in. 
between guides. The speed o| the slow 
roU shall be 24 rpm.^ and the gear 
.ratio 1.4 to 1. , 

(c) Mill Temperature . — The tempera- 
ture of the water entering the rolls shall 
be maintained at 158 F. (70' C.) and the 
initial temperature of the rolls shall be 
158' F. (70 C.). With sufficient water 


* This procedure has been adapted from the ‘ ‘Tentative 
Standard Laboratory Procedure for the Preparation and 
Physical Testing of Rubber Samples,” prepared by the 
Physical Testing Committee, Rubber Division, Am. 
Chemical Soc„ The Rubber Age (New York), January 28, 


volume of batches as shown in the fol- 
lowing table: 


Volume of Batch, 

Distance Between 

cu. cm. 

Roils, in. 

1200. .......... 

0.170 ', 

1100 ...... 

. 0.160 

1000 ........... 

......... 0 . 1,45 : : 

900 ........... 

.... 0,130 

800 ........... 

......... 0.120 

700 

......... O.ilO 

^ 600 ...........:. 

......... 0.100 

500 ..... 

......... 0.085 : 

400 ............... 

........... 0 . 0 , 70 ' . : 

300 ...... ..... 

......... 0.055 ■ 


(e) Mixing Procedure . — During break- 
down, the mill opening shall be 0.055 in. 
until the rubber runs smooth on the roll, 
and then the opening shall be made to 
correspond to the volume of the batch 
indicated in the table in Paragraph (d). 
The order of adding ingredients to the 
broken-down rubber shall be as follows: 
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Accelerators and: antioxidants ■ , . 

Black . . 

Fillers ■ 

Softeners V ' 

■ , Sulfur . . . 

The ingredients shall be incorporated 
as rapidly as possible and when all are 
in the rubber the batch shall be cut six 
times two-thirds of the distance across 
the roll, held until the bank just dis- 
appears alternating from one side to the 
other. Then the batch shall be cut 
across and rolled six times inserting the 
roll endwise five times and the last time 
it shall be inserted lengthwise. As soon 
as the bank is well balanced, the mill 
opening shall be set to give a sheet 
slightly greater in thickness than the 
test specimen after cooling, and the 
batch shall then be cut from the rolls. 

(/) Storage of Mixed Batch, — The batch 
shall be laid upon a suitable surface such 
as zinc, holland, or talced zinc until 
cool, after which it shall be stored 18 
to 24 hr. on galvanized wire screen (6 
mesh is convenient) in subdued light 
with free circulation of air having a 
relative humidity of 45 per cent at 82 F. 
(27.6 0. 

Note. — Variation of 0 to 100 per cent rela- 
tive humidity may cause a difference of 25 per 
cent in physical properties. 

(g) Preparation for Curing.- — The un- 
cured stock shall be cut with a die having 
dimensions slightly less than those of 
the mold. Care shall be taken to have 
the stock so placed in the mold that the 
direction of the grain will be parallel to 
the direction of abrasion when the vul- 
canized specimen is mounted in the 
abrader. 

{h) Mold Dimensions, — Mold dimen- 
sions shall be governed by the test speci- 
men needed for the test used. 

(i) Cleanliness of Molds, — No prepa- 
ration of any kind shall be used on 
molds to prevent sticking. The molds 


shall be kept, clean, and shall be cleaned 
as' soon as the cured stock tends to stick. 
Three cleaning materials are suggested: 
(1) ground emery and water,' (2) buffer 
cloth, and (3) whiting paste. 

(j) Maintenance of Curing Temper- 
ature, — The specified curing temperature 
shall be interpreted as the inside tem- 
perature of the mold as determined by a 
thermocouple or a mercury thermometer 
in a mercury well in the mold. A simi- 
lar steel block with a mercury well may 
be substituted for the mold.^ To avoid 
cool spots in platens due to condensation, 
presses with bored steel platens are rec- 
ommended. If chamber t 5 T)e platens 
are used, good drainage should be in- 
sured by placing the steam outlet slightly 
below the bottom of the steam chamber. 

{k) Mold Temperature and Protection. 
— The mold shall be brought to the 
specified curing temperature in a closed 
press for a period of not less than 20 
min. before inserting the uncured stocks. 
While curing, the mold shall be pro- 
tected from drafts, by the use of some 
sort of shields or wooden ells. Protec- 
tion often causes a rise of 1.8 F. (1 C.) 
in mold temperature. 

{1) Timing of Cwe.— The time of cure 
shah start at the time the ram pressure 
reaches its maximum and end at the 
release of the ram pressure. 

(m) Cooling Cured Slabs.—liht slabs 
shall be removed from the mold im- 
mediately after conclusion of the cure 
and plunged into water for at least 10 
min. to cool. The water shall be changed 
frequently to prevent contamination and 
heating. When removed from the water 
the slabs shall be wiped dry and placed 
upon liner or screen for storage in sub- 
duedlight. 

{n) Conditioning of SpeciMens,—Tht" 


^ Report of Physical Testing Committee, Rubber 
Division, Ana. Chemical Soc., Industrial and Engineering 
Chemistry^ Vol. 17, ^0. 5, p. S3S, May, 1925. 
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test specimens shall be conditioned for 
24 hr, in air having a relative humidity 
of 45 per cent at 82 F. (27.6 C.) before 
testing at . the same: temperature. 

({?) Preparation for Test , — That face 
of the test specimen which is to be 
abraded shall be lightly bujffed before 
testy except in those cases where other- 
wise specified. 


(5) If stock, is taken from productionj 
the sample shall be prepared as described 
in Section 4 if) to ip) ^ inclusive, for the 
preparation of the comparison standard. 

{c) If an article of commerce is being 
tested, a piece somewhat larger than the 
test specimen required shall be cut from 
the sample and subsequently trimmed 
and buffed to size. 



Fig. 1. — E. I. du Pont de Nemours and Co. Abrader. 


ip) Maintenance of Standards . — It is 
recommended that sufficient comparison 
standard compound be prepared at one 
time to last approximately one month. 
Subsequent batches of comparison stand- 
ard shall be tested for stress-strain prop- 
erties and hardness and shall not vary 
more than 10 per cent from the original 
standard adopted. Its abrasion resist- 
ance shall be within 5 per cent of the 
batch of comparison standard being used 
at that time. 

Preparation of Sample 

S. (a) If a laboratory comparison is 
being made/ the sample shall be prepared 
by the same procedure as described in 
Section 4 for the preparation of the com- 
parison standard. 


Method A. E. 1. du Pont be 
Nemours and Co. Abrader® 

Apparatus 

6. The essential features of the ap- 
paratus, illustrated in Fig. 1, are as 
follows: A disk which carries an abrasive 
surface is mounted on a hollow shaft 
and rotates counter-clockwise in a verti- 
cal plane at a speed of 37 r.p.m. Two 
test specimens are mounted on the 
inside of a bar, one placed at each end 
so that their centers are a distance of 
5 in. apart. This bar is attached per- 
manently to a rod (axis) which extends 
through the hollow shaft carrying the 
abrasion disk. A weight attached to 

* Ira Williams, “Measurement of Abrasion Resistance 
of Rubber,” Industrial and Engineering Chemistry^ Vol. 19. 
No. 6, p. 674, June, 1927. 
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the end: 0 means of a cable 

and acting over a pulley holds the test 
specimens against the abrasive. A lever 
arm is attached to the end of the bar 
which holds the test specimens. The 
other end of this lever arm carries a 
bucket, the weight of which is adjusted 
with shot, just enough to prevent rota- 
tion, A vernier spring balance is at- 
tached to the lever arm for final ad- 
justment of the load. The abrasive 
generally used is No. 0 emery paper. 
The abrasive surface is cleaned by 
means of air jets. 

Test Specimens 

7. The test specimens shall be 2 cm. 
square by 1 cm. in thickness. 

Procedure 

8. (a) Two test specimens shall be 
inserted in the clamps of the balance 
lever and the clamps then tightened 
uniformly, care being taken to avoid 
distorting the surface to be abraded. 
The balance lever shall be placed in 
position with its axis rod extending 
through the hollow shaft which supports 
the abrasive disk. 

The 3.62-kg. weight shall be connected 
to the end of the axis rod, leveling the 
cable over the grooved pulley, thus 
holding the test specimens evenly and 
firmly against the abrasive disk. The 
balance weight (bucket) shall be at- 
tached to the end of the lever arm and 
the spring balance connected to the lever 
arm (for most tests the total weight of 
the bucket and shot will be 500 g.). 

The surface of the abrasive disk 
shall first be cleaned by applying 20-lb. 
air pressure to them through the jets. 
The air shall be filtered to remove oil, 
water and dirt. Any evidence of these 
appearing on the abrasive disk shall be 
cause for repeating the test. The ma- 
chine shall be run until the test speci- 
mens are seated evenly; the specimens 
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then removed ' and ' weighed. The test 
specimens' shall then be replaced in 
exactly the same position as before and 
run for 20 min., adjusting' the load ap- 
plied by means of the spring balance to 
offset rotation of the balance lever. The 
lever arm will fluctuate slightly between 
the stops provided on the machine, but 
should not touch the stops. At the 
completion of the test, the specimens 
shall be removed and weighed. 

(b) The same procedure shall be fol- 
lowed inserting two test specimens of the 
comparison standard in the clamps. 

(c) From the loss in weight, the vol- 
ume loss and abrasion resistance shall be 
calculated in accordance with Section 
15. 

Method B. National Bureau of 
Standards Abrader® 

Apparatus 

9. The essential features of the ap- 
paratus, illustrated in Fig. 2, are as 
follows: The rubber-coated metal drum, 
A, is 6 in. in diameter and is rotated 
at 45 ± 5 rpm. by an electric motor 
with a reducing mechanism, the revolu- 
tions of the drum being indicated by a 
counter attached to one end of the shaft. 
The three arms, are each pivoted at 
one end, and each having a weight sus- 
pended at the other end, such that a 
downward force of 5 lb. is exerted di- 
rectly on the test specimen on the under- 
side of the arm, iJ. The three dial gages, 
C, graduated in thousandths of an inch, 
are fastened to a bridge so that each con- 
tacts with the corresponding arm, B, at a 
point directly over the test specimen. 
This bridge is hinged at one end to allow 
the arms to be swung back for the plac- 
ing of test specimens on them. The 
compressed air line, D, is provided for 
keeping the abrasive surface clean. 

® R. A. Sigler and W. L. Holt, “A Simple Abrasion Test 
Machine for Rubber,” Rmber World, Vol. 82, No. 5, 
p. 63, August, 1930. 
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Arm stopSj Ej and an abrasive, E,. con- 
sisting of No, 2| garnet paper or cloth 
6 in. in width, are held on the rubber- 
covered drum by four rubber bands. 
The ends of the abrasive sheet are cut 
at an angle of about 80 deg. and when 
in place have a clearance of about in. 
Test specimens, G, 1 in. square and ap- 
proximately I in. in thickness, are ce- 
mented to small fiber disks which in 
turn are fastened to the weighted arms. 

Test Specimens 

10. The test specimens shall be 1 in, 
square by | in. in thickness. 


average of these readings gives the abra- 
sion resistance in terms of ^devolutions 
per 0.1 in. wear/^ 

(b) For purposes of conforming to 
this method, the weight of the test 
specimens before and after abrading may 
be measured and the average volume 
loss calculated. 

(c) The same procedure shall be 
followed using three test specimens of 
the comparison standard on the arms. 

(d) From the loss in weight, the specific 
gravity of the materials and the number 
of revolutions recorded, the volume loss 



Fig, 2. — National Bureau of Standards Abrader. 


Procedure 

11. (a) In making a test, three speci- 
mens shall be mounted, one on each arm 
and shall first be allowed to wear until 
the surface conforms to the shape of the 
drum. The machine shall then be 
stopped, the gage bridge locked in place, 
and all gages and the counter set at 
zero. The machine shall then be run 
until about 0.1 in. has been abraded 
from the specimens, and the machine 
again stopped, and the counter and gage 
readings recorded. The readings shall 
always be taken with the drum in the 
same position. For routine work, the 


per 100 revolutions and the abrasion 
resistance shall be calculated as indi- 
cated in Section 15. 

Method C. United States Rubber 
Co. Abrader^ 

Apparatus 

12. The essential features of the ap- 
paratus, illustrated in Fig. 3, are as 
follows: A rotating wheel 3 in. in diam- 
eter with the outer rim 1 in. in width 


^Described [In ^catalogue of Scott Testers, Inc., 
yrQvfdence, R. I* 
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and covered with an abrasive cloth 
(metallic cloth, 60 grit). A specimen 
carrier moves the test spechnen held 
in a suitable grip against this wheel, 
the wheel rotating against the direction 
of the movement of the table. The 
rotation of the wheel is reversed at the 
time the movement of the specimen table 
is reversed. Mechanical means are pro- 


is equipped with a counter which reg- 
isters the number : of cycles or applica-, 
tions of the abrasive wheel to each 

specimen. 

Test Specimens 

'13. The test specimens shall be slabs 
2 by 3 by I in. or 2 by 5 by | in. to 
fit the standard machine. 



Fig. 3. — United States Rubber Co. Abrader, 
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each specimen will receive the same 
number of applications of the abrasive 
wheel provided that at the conclusion of 
the test the machine is again stopped 
at the end of a cycle. The machine is 
geared to make nine cycles per minute 
and the length qf the test to be made 
will necessarily depend upon the type of 
Stock being tested. The test shall be 
run long enough to remove sufficient 
quantity of the specimen by abrasion 
to reduce the percentage of error to a 
minimum. A general rule which should 
apply requires that the test run until the 
specimen has been abraded to such a 
depth that there is still 0.15 in. (0.039 
cm.) of material at the point of the 
deepest cut. The test shall be stopped 
at a convenient time when abrasion has 
proceeded to practically this point, at an 
even number of cycles to facilitate the 
calculation of results to a common basis 
for comparison. The test specimens 
shall then be removed and weighed after 
brushing them off to remove any loose 
particles which might remain adhering 
CO the specimens. 


■ (c) From the loss in weight, the vol- 
ume loss and abrasion resistance shall be 
calculated in accordance with Section^lS. 

Calculations 

Calculations 

15. (a) In each of the three alternative 
methods of test described in Sections 6 
to 14 the loss in weight of the test speci- 
men shall be accurately measured to 
within plus or minus 1 mg., unless other- 
wise specified. 

(b) The specific gravity of the stock 
shall be determined to the nearest 0.01. 
The volume loss shall be calculated by 
dividing the loss in weight by the specific 
gravity. 

(c) The abrasion resistance shall be 
calculated by dividing the volume loss 
of the standard by the volume loss of 
the sample and multiplying by 100. 

(d) The results shall be expressed as a 
percentage of the comparison standard 
specified. 

Note: Exampk,— 110 per cent of A.S.T.M. 
Comparison Standard A, 



Standard Method of Test for 

TEAR RESISTANCE OF VULCANIZED RUBBER' 



A.S.T.M. Designation: D 624 -44 
Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 624; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method describes a procedure 
which is widely used for determining 
tear resistance of the usual grades of 
soft vulcanized rubber such as tire 
tread, carcass, and inner tube com- 
pounds, or those used in most mechani- 
cal rubber goods. It does not apply to 
the testing of material ordinarily classed 
as hard rubber. Since tear resistance is 
afiected to a large degree by mechanical 
fibering of the rubber under stress as well 
as by stress distribution, speed of stretch- 
ing, and size of specimen, the results 
obtained in a tear resistance test can 
only be regarded as a measure of the 
resistance under the conditions of that 
particular test and not necessarily as 
having any relation to service value. 
The method is useful therefore only for 
laboratory comparisons and is not ap- 
plicable for service evaluations, except 
when supplemented by additional tests, 
nor for use in purchase specifications. 
The significance to be attached to the 


' Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Dike Materials. 

» Prior to adoption as standard, this method was pub- 
lished as tentative from 1941 to 1944. 


results can only be determined by each 
laboratory for its particular problem. 

Apparatus 

2. {a) Tear resistance shall be meas- 
ured on a power-driven apparatus, pref- 
erably of the inclination-balance or 
pendulum type, A spring-balance t 3 ^e 
of apparatus may be used if provided 
with a device that will indicate the actual 
maximum load at which rupture took 
place and if provision is made to prevent 
recoil of the spring. The machine shall 
conform to the following requirements: 

(6) The applied load as indicated by 
a dial or scale shall be accurate within 
plus or minus 1 per cent. 

{c) The indicator shall remain at the 
point of maximum load after rupture 
of the test specimen. 

{d) The grips which hold the speci- 
men in the testing machine shall have 
jaws of the narrow cam or pincer type. 

(«) The rate of travel of the power 
actuated grip shall be 20 in. per min. 
and shall be uniform at ail times. 

(/) The testing machine shall be 
calibrated in accordance with the provi- 
sions of Section 3. 

(g) The testing machine may be 
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equipped with a dynamometer head of 
the compensating type for convenience 
in eliminating calculations. 

CaMbration of Apparatus 

3. The testing machine shall be 
calibrated by dead-weights applied in 
an ascending order while the machine 
is otherwise arranged in an entirely 
similar manner to that used when testing 
materiaL In each case, when additional 
calibrating weight is added the weight 
lever of the machine shall be moved to 
zero position and allowed to swing slowly 
upwards to the point where it will go 
no further. The dial of the machine 
should then clearly indicate the amount 
of the weight applied. 

Preparation of Sample 

4. Except as may be otherwise speci- 
fied in this method, the requirements of 
the Standard Methods of Sample Prepa- 
ration for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D IS) 
of the American Society for Testing 
Materials® shall be complied with and 
are made a part of this method. 

Die for Test Specimens 

5. The specimens for tear resist- 
ance tests shall be stamped out with 
a steel die. The die shall be kept 
sharp and free from nicks to avoid 
leaving ragged edges on the rubber. 
Cutting may be facilitated by wetting 
the rubber surface and the cutting edges 
of the die. The rubber shall be rested 
on a smooth, slightly yielding surface 
that will not injure the blade. Light- 
weight cardboard or a piece of leather 
belting is suitable. Care shall be taken 
that the cut edges are perpendicular to 
the other surfaces of the specimen and 
have a minimum of concavity. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


'Note. — It is a- well-known fact that , vul- 
canized rubber exhibits a grain effect which 
influences its physical properties. In the case 
of heavily loaded compounds, the effect may 
produce a pronounced difference in physical 
properties. Usual practice is to test with the 
grain running the long way of the specimen, 
and it is assumed that, unless otherwise specified, 
all test specimens are to be prepared in this 
manner. Where grain effects are significant 
and are to be evaluated, two sets of test speci- 
mens should be cut from the sample at right 
angles to each other. 

Test Specimens 

6. {a) The test specimens shall con- 
form in shape to die A or B as shown in 
Fig. 1, and shall not vary by more than 



O.OE'Veep 


Die A Specimen. 


h 



Die B Specimen. 

Fig, 1 . — Specimens for Tear Test. 


0.5 per cent from the dimensions shown. 
The thickness shall not fall outside the 
limits 0.07 to O.li in. In general, die B 
may be expected to give results approxi- 
mately 10 per cent lower than those 
obtained when using die A. 
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' ■ v (5)^T^ the specimen 

shall be measured with a micrometer 
graduated to 0*001 in,, having a presser 
foot 0.25 d: 0.01 in. in diameter exerting 
a total force of 3.0 ±0,1 oz. The load 
shall be applied by means of a weight. 

(c) A single slit or nick shall be 
cut with extreme care and accuracy 
across the edge of the specimen at the 
center of the inner concave edge. In 
cutting the slit, the specimen shall be 
held in a suitable device provided with 
guides for the knife holder to control the 
depth and centering of the slit. The 
cutting shall be done by a safety razor 
blade clamped in a holder with the 
extension of the blade beyond the surface 
of the holder regulated by a depth gage 
block to produce a slit 0.02 in. in depth. 
In cutting the slit, the specimen shall 
first be lubricated with soap solution and 
the knife holder shall then be passed 
back and forth through the guides of the 
specimen holder until the slit is cut to the 
full depth of the razor blade extension. 

Number of Test Specimens 

7. Three specimens per sample 
shall be tested for tear resistance. In 
case the tear resistance fails to check 
within 20 per cent of the highest value 
obtained, additional specimens shall be 
tested until two or more such check 
results are obtained. The final value 
shall be the average of the check tests, 
discarding the determinations on speci- 
mens that are outside the above limit. 

Procedure 

8. The specimen for test shall be 
clamped in the jaws of the testing 
machine, care being taken that the jaws 


grip the specimen so that the axes shown 
in Fig. 1 are in line with the direction 
of the application of the. load. In- 
creased stretch is thus given to the inner 
curved edge. The ^.Tite” of the jaws 
.shall be at the center of the enlarged 
ends of the specimen. The load shall 
then be applied with a lower jaw speed 
of 20 in. per min. After rupture of the 
specimen, the breaking load in pounds 
shall be noted from the dial or scale 
and recorded together with the average 
thickness of the specimen. 

Calculation 

9. The resistance to tear shall be 
calculated from the maximum load 
registered by the testing machine and 
the average thickness of the specimen, 
and shall be expressed as the pull in 
pounds required to tear a specimen 1 in. 
in thickness. 

Note: Exam pie, ~~-li a load of 36 lb. is 
necessary to tear a specimen 0.082 in. in thick- 
ness, the tear resistance would be = *5* 

U.Uo2 

439 lb. per in. . 

Report 

10. The report shall include the 
following; 

(i) Results calculated in accord- 
ance with Section 9, 

{2) All observed and recorded data 
on which the calculations are based, 

(J) Date of test and date of vul- 
canization of rubber, if known, 

( 4 ) Test room temperature, 

(5) Type of testing machine 
used, and 

{6) Designation of die used in pre- 
paring the test specimens. 
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A.S.T.M. Designation: D 314 -39 

Adopted, 1934; Revised, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 314; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test covers 
the procedure for determining the hard- 
ness of the more common grade of 
rubber such as tire treads, most auto- 
motive mechanical rubber parts, etc., 
but not extremely hard or extremely 
soft rubbers which fall beyond the 
range of the instrument specified. 

Q}) For the purpose of this test, the 
hardness of rubber shall be considered 
as that property by virtue of which the 
surface and adjoining layers resist in- 
dentation when subjected to a definite 
pressure by an indentation element of 
standard size, the contact surface of 
which conforms in shape to a portion of 
a true spherical surface. 

A.S.T.M. Hardness Number 

' 2. The A.S.T,M. Hardness Number is 
the indentation in thousandths of an 
inch determined under definitely pre- 
scribed conditions. 

Apparatus ' 

3. The apparatus consists of a table 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-ll on Rubber and Rubber-Like Materials. 

8 Prior to adoption as standard, this method was 
published as tentative from 1929 to 1934, being revised in 
1531 .' 


for supporting the test specimen, an 
indentor acting under a dead-weight 
load, an annular presser foot exerting 
a definite force on the surface of the 
specimen surrounding the indentation 
area, and a suitable device for indicating 
the depth of indentation. 

{a) Table , — The table used to support 
the test specimen shall possess a fiat 
horizontal surface of minimum linear 
dimension of 2 in. 

(6) Indentor . — The indentor shall con- 
sist of a rigid vertical shaft, the lower 
end of which is finished to a true hemi- 
sphere 0.0938 dz 0.0005 in. in diameter. 
The maximum diameter of that portion 
of the shaft which passes through the 
presser foot shall not exceed that of the 
indentor point. The point shall be 
made of a highly-polished, noncorrosive, 
hard metal properly treated to resist 
wear due to continuous use (a plated 
point is not satisfactory). The in- 
dentor shall be actuated by a freely 
acting dead-weight load of 3 lb. zL 0.25 
oz. Less than 0.25 oz. shall be required 
to overcome friction and to produce 
perceptible motion of the penetrator 
when counter-balanced. The indentor 
shall act through the opening in the 
center of the presser foot. 
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\c) Fresset Fook'—Th.Q presser foot 
shall be 0.625 in. dt 0.0005 in. in diam- 
eter and shall have a hole 0.109 di 0.005 
in. in diameter located at the center. 
It shall be sufficiently thick to insure 
rigidity and the edges shall be rounded 
to a radius of 'it in. The inner sur- 
face of the presser foot shall be parallel 
to and concentric with the surface of 
the shaft of the indentor. The contact 
surface of the presser foot shall be at 
right angles to the inner surface, and 
shall be parallel to the table which 
supports the test specimen. The pres- 
ser foot shall be subjected to a freely 
acting load of 5 lb. ± 0.75 oz. 

{d) Gage . — Vertical movement of the 
indentor shall actuate a suitable dial 
gage graduated to show indentation in 
0.001 in. The accuracy over the whole 
range shall be within plus or minus 
0,000S-in. indentation. The gage shall 
be mounted so as to be rigid with the 
presser foot. The indentation meas- 
ured during the test will therefore be the 
distance between the contact surface 
of the presser foot and the tip of the 
ball point of the indentor. 

Test Specimens 

4. {a) When the instrument is to be 
used as a reference standard for the 
calibration of other types of hardness 
instruments or in arbitration tests, uni- 
form test specimens at least | in. in 
thickness with parallel sides (slab form) 
shall be used. The minimum lateral 
dimension of the specimen shall be 2 in. 

(6) In routine testing, specimens may 
be used which have dimensions other 
than those required in the procedure 
for standard tests (Paragraph (a)). 
In all cases the specimens tested shall 
for comparison be of essentially the 
same thickness and size. 

Procedure 

5. {a) Measurement of Indentation — 
The presser foot shall be lowered first 
until contact is made with the test 


specimen. The indentor shall then be 
lowered. The points of indentation 
shall be at a minimum distance of J in. 
from the edge of the test specimen. ; The 
full load shall then be allowed to act 
immediately, without shock, on the 
indentor. Readings on the indentation 
dial shall be made exactly 30 sec. after 
the full load is applied. 

(5) Number of Readings —The test 
specimen shall be shifted to a new posi- 
tion after each contact in order to 
avoid errors due to fatigue effects. For 
standard tests a minimum of five read- 
ings shall be made and their average 
taken as the hardness measurement, 
except that no reading may differ by 
more than plus or minus 0.002 in. 
from the average value. Any readings 
known to be definitely in error shall be 
discarded. 

(c) Temperature , — All tests to be truly 
comparative shall be conducted at the 
same standard temperature which shall 
be recorded in every case. Test speci- 
mens shall be subjected to the standard 
test temperature for a sufficient period 
of time prior to testing to insure tem- 
perature equilibrium as may be shown 
by constant indentation values. 

{d) Routine Tests , — For routine test- 
ing a sufficient number of readings shall 
be taken to provide values checking 
within plus or minus 0,002 in. The 
results of routine tests for control pur- 
poses shall be compared only with those 
obtained under essentially the same test 
conditions with specimens of essentially 
the same size and shape. These results 
will be comparative only. 

Report 

6. A,S.T,M, Hardness Number , — 
The average indentation value deter- 
mined in accordance with Section 5 
shall be expressed as a whole number 
signifying thousandths of an inch in- 
dentation, and reported af the A.S.T.M. 
hardness number of the sample. 


Standard Method of Test for 

INDENTATION OF RUBBER BY MEANS OF THE PUSEY 
AND JONES PLASTOMETERi 


A.S.T.M. Designation: D 531-41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 531; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope 

1. This method of test covers the 
procedure for determining the indenta- 
tion of rubber by means of the Pusey 
and Jones apparatus. This apparatus 
is called a plastometer and is used to 
measure the depth of indentation of an 
indentor actuated by a dead- weight load 
into the surface of a rubber specimen. 
Its action causes plastic flow adjacent to 
the indentor. The indentation value 
obtained should not be compared or con- 
fused with hardness as measured by the 
Standard Method of Test for Hardness 
of Rubber (A.S.T.M. Designation: 
D 314) of the American Society for Test- 
ing Materials,® since the A.S.T.M. in- 
strument precompresses the rubber im- 
mediately adjacent to the indentor. 

Indentation Value 

2. The Pusey and Jones indentation 
value is the distance of indentation, ex- 
pressed in hundredths of a millimeter, of 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A-S.T.M. 
Committee D-li on Rubber and Rubber-Dike Materials. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941. 

2 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


a |-in. ball actuated under a load of 
Apparatus 

3. The Pusey and Jones plastometer 
is shown in Fig. 1, and consists essentially 
of an indentor acting under a dead- 
weight load and a suitable device for 
indicating the depth of indentation. 
These parts shall be so mounted in a 
supporting frame that the indentor and 
weight may be independently raised or 
lowered vertically, permitting the in- 
dentor to rest on the surface of the test 
specimen and the weight to be subse- 
quently applied to the indentor. 

(£3^) Support — The supporting framd 
shall consist of parallel base and top 
plates held apart by bolts which are 
threaded to carry two intermediate 
moveable plates. The weight is sus- 
pended from the upper moveable plate 
by means of a hollow tube having a 
shoulder which rests on the plate. The 
lower moveable plate shall carry on a 
pedestal passing through openings in 
the upper plates the indicator gage and 
also the indentor which is attached to 





1 _Pusey and Jones Indentation 
Instrument. 
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the spindle of the gage by means of the 
inden tor shaft. This shaft shall pass 
freely through suitable openings in all 
of the plates and the weight tube. The 
moveable plates shall be equipped with 


screw, sprocket, and chain arrangements 
for raising and lowering them. The base 

plate as supplied shall have four feet 
attached by baU joints permitting use 
of the instrument either on a flat hori- 


zontal surface or on curved surfaces 
such as those of rubber-covered rolls. 
The base plate shall also be provided 
with an opening by which the entire 
instrument may be mounted on a rod 
and secondary base so as to allow clear- 
ance for specimens having dimensions 
larger than can be accommodated when 
using the regular feet. 

(&) Indentor— The indentor shall con- 
sist of a vertical steel shaft attached at 
the upper end to the spindle of the 
indicator gage and having at the lower 
end a steel ball point. The preferred 
steel ball shall be 0.1250 ± 0.0005 in. 
in diameter and shall be made of highly 
polished, noncorrosive hard metal prop- 
erly treated to resist wear. With very 
soft specimens, it may be necessary to 
use a ball 0.250 in. in diameter, in which 
case this fact shall be stated^ in the 
report. Otherwise, the indentation shall 
be assumed to be that of the smaller 
ball. The indentor shaft shall pass 
through the center of the loading weight 
and shall be provided with a suitable 
shoulder so that the dead-weight load 
may be fully applied to the ball point 
by proper screw adjustment of the posi- 
tions of the moveable plates. 

(c) Weight.— The weight shall consist 
of a metal cylinder and tube weighing 
1000 ± 0.01 g., placed concentric with 
the indentor shaft but not touching it 
except when resting on the shoulder 
during test. 

(d) Indicator Gage.— Vertical move- 
ment of the indentor shall actuate a 
suitable dial gage graduated to show 
indentation in 0.01 mm. 

(e) Specimen Holder. — A specimen 
holder for the standard test specimens 
described in Section 4 (a) shall be pro- 
vided in which the specimens may be 
held flat and free from slight movements 
which introduce variations into the test. 
It consists of a clamp made of two brass 
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plates held together by two threaded 'Procedure 

bolts ^as shown in Fig. 2. ^ The plates • Measurement of Indentation, -- 

shall be44 m. m length, 1| in. in width, specimen shall be placed on a, firm; 

and i in. in thickness. Flat, smooth base with the indentation surface hori- 
holes shall be drilled f in. from each end zontal. Flat specimens may rest on a 
and midway of the width. The top table having a true flat surface or on 
plate, shall be provided with a hole the secondary base mentioned in Sec- 
and slot through which the indentor tion 3 {a). Curved specimens such as 
may act. rubber-covered rolls shall be so placed 

that the center-line of the indentor shaft 
Test Specimens , is perpendicular to the tangent at the 

point of contact of the indentor. When 
4. (a) The standard test specimen using the standard specimen described 
shall be a uniform molded rectangular in Section 4 {a), it shall be clamped 



Boftom Plate Top Plate 


Fig. 2. — Holder for Test Specimen. 

block -I in. in thickness, IJ in. in width, in the specimen holder with the bolts 
and 3 in. in length. The flat faces shall tightened sufficiently to hold it firmly 
be as parallel as possible. This sped- but not to compress it. The apparatus 
men shall be used in ail cases when the shall be mounted over the specimen 
apparatus is employed for reference and adjusted, by means of a spirit 
standard purposes as distinguished from level placed on the base, so that the 
routine control testing of commercial indentor shaft is vertical. The plas- 
articles. tometer must not rock or be unsteady 

(&) In routine testing, specimens may whether its feet rest on the table around 
be used which have dimensions other a small specimen or directly on a large 
than those of the standard specimen specimen or whether it is mounted on a 
including manufactured products of rod and secondary base as is required 
such size and shape that they will with the standard specimen and holder, 
support the apparatus or that it can be The indentor shaft shall be lowered 
suitably mounted above them. until contact is made with the specimen 


/ 
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and the gage needle make^ three revolu-- 
tions. The dial shall then be adjusted 
to read zero for the needle position. 
The weight shall be lowered onto the 
indentor carefully without shock and 
the supporting plate lowered still further 
so that the weight rests fully on the 
indentor as shown by a space of approxi- 
mately ^ in. between the supporting 
plate and the shoulder of the weight 
tube. The amount of indentation shall 
be read on the gage exactly 1 min. 
after the application of the load. 

(b) Number of Readings . — Three read- 
ings shall be taken, shifting the speci- 
men to a new position for each reading. 

{c) Temperature . — All tests to be truly 
comparative shall be conducted at the 
same temperature which shall be re- 
corded in every case. Test specimens 
shall be subjected to this test tempera- 
ture for a sufiScient period of time prior 
to testing to ensure temperature equilib- 
rium as may be shown by constant 
indentation values. 

{d) Routine Tests . — When tests are 
made for control purposes on commercial 
articles of dimensions differing from 


those of the standard, specimen and 
without using the specimen holder, the 
results shall be compared ' only with 
those obtained under essentially the 
same conditions of specimen size and 
shape, temperature, and method ' of 
assembly of the apparatus and specimen. 

{e) Pusey and Jones Indentation Num- 
ber . — The average indentation value 
expressed as a whole number indicating 
the hundredths of millimeters of indenta- 
tion shall be known as the Pusey and 
Jones indentation number. 

Report 

6. The report shall include the fol- 
lowing: 

(7) The Pusey and Jones indenta- 
tion number, 

{2) Description of test specimen 
including dimensions, 

(J) Date of vulcanization, if known, 
{4) Duration and temperature of 
vulcanization, if known, 

(5) Size of ball point used, 

{6) Temperature of test room, and 
(7) Date of test. 



Standard Methods of Test for 

COMPRESSION-DEFLECTION CHARACTERISTICS OF 
VULCANIZED RUBBERS 



A.S.T.M. Designation: D 575 “46 
Adopted, 1946.* 

Tliis Standard of the American Society for Testing Materials is issued under 
the fixed designation D 575; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover two test pro- 
cedures for determining the compres- 
sion-deflection characteristics of vulcan- 
ized rubber compounds other than those 
usually classified as hard rubber and 
sponge rubber. The tests constitute 
one kind of compression stiffness meas- 
urement. The two different procedures 
are as follows: 

Method A. Compression Test at 
Specified Defiection. — A compression test 
in which the load required to cause a 
specified deflection is determined. 

Method JS. Compression Test at 
Specified Load, — A compression test in 
which the specified weight or compres- 
sive force is placed on the specimen and 
the resulting deflection is measured and 
recorded. 

Apparatus 

2. {a) Compression Testing Ma- 
chine. — A standard compression testing 
machine conforming to the requirements 
of the Standard Methods of Verification 
of ' Testing Machines (A.S.T.M. Desig- 

^ Under the standardization procedure of the Society, 
these methods are under the junsdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1940 to 1946. 


nation: E 4) of the American Society for 
Testing Materials® and having a speed 
of approximately 0.5 in. per min. may 
be used for either type of test. Any 
other type machine that will meet these 
requirements may be used. For ex- 
ample, a platform scale equipped with a 
yoke over the platform and a hand 
operated screw to apply the load will 
serve if it will conform to the require- 
ments prescribed for accuracy and 
speed. Compression tests at specified 
loads may be performed on a weight- 
deflection machine of any type that will 
apply specified minor and major loads 
gently, without impact. The machine 
shall be equipped to permit measure- 
ment of the deflection caused by the 
increase from minor load to major load. 

{b) Dial Gage. — The deflection shall 
be read on a gage of dial type graduated 
in thousandths of an inch. 

{c) Micrometer. — The thickness of the 
specimen shall be measured with a 
micrometer graduated to 0.001 in. hav- 
ing a presser foot 0.25 ± 0.01 in. in 
diameter exerting a total force of 3.0 rfc 
0.1 oz. The load shall be applied by 
means of a weight. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Test Specimens 

3.- (a) The test may be\ performed 
either on whole completed articles or on 
standard test specimens, as specified 
(Note). 

Note.— C omparable results are obtained 
only when tests are made on specimens of 
exactly the same size and shape, tested to the 
same percentage deflection. 

(b) Standard test specimens shall be 
L129 zk 0.005 in. in diameter (1.000 
sq. in. in area) and 0.500 ± 0.010 in. in 
thickness, from which all molded surface 
layers have been removed. 



Fig. 1,— Cutting Tool. 


Preparation of Specimens 

4. (a) The standard test specimens 
may be prepared as follows: A slab 
slightly over 0.500 in. in thickness may 
be cut from the article or molded from 
the same material, and ground on both 
sides to obtain smooth parallel surfaces 
and the standard thickness of 0.500 rb 
0.010 in. The grinding shall be carried 
out as prescribed in Section 9 of the 
Standard Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D 15) 
of the American Society for Testing 
Materials,® and shall be done without 
overheating the rubber. The specimens 
may then be cut from the slabs by means 
of a suitable rotating hollow cutting tool 
similar to that illustrated in Fig. 1. 
In cutting the specimen, the die shall be 
suitably rotated in a drill press or similar 


device and lubricated with soapy water 
so that a smooth-cut surface having 
square edges is obtained/ The cutting 
pressure shall be kept sufficiently low to 
avoid ^^cupping’^ of the cut surface* 

(b) When, whole completed , articles 
are subjected to these tests, the surfaces 
which will contact the platens of the 
testing machine shall be cleaned of any 
dust, bloom, grease, or other foreign 
material. Grinding is not required, as 
this is a nondestructive test. 

Test Conditions 

5. The temperature of the testing 
room shall be maintained between 70 
and 90 F. (21 and 32 C.). The speci- 
mens to be tested shall be kept in this 
room for at least 30 min. prior to the 
time of testing. 

Method A, Compression Test at 
Specified Deflection 

Nature of Test 

6. In this method the compressive 
loads are applied and removed in three 
successive cycles. The first two cycles 
are for the purpose of conditioning the 
specimen, and the readings are taken 
during the third application of load. 

Procedure 

7. {a) After the thickness of the test 
specimen has been measured, the speci- 
men shall be placed between the platens 
of the testing machine. Sheets of sand- 
paper^ shall be placed between the rub- 
ber surfaces and the testing machine 
platens. The sandpaper resists lateral 
slippage of the rubber at the contact 
surfaces, and should be slightly larger 
than the specimen. The sandpaper 
shall be omitted when the surface of the 
specimen is bonded to metal. 

(5) The load shall be applied at the 


•« Waterproof sandpaper, 400 Grit A "Speed-WeV’ 
xnamifactured by tbe Behr-Manaing Co., or the equiva- 
lent, has been found satisfactory. 
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rate:; of approximately 0.5 in. per, min. 
until the specified deflection is reached, 
after which the load shall be immediately 
released at the same rate. This loading 
cycle shall be repeated a second time. 
Then a small initial load (not over 1 per 
cent of the amount required in the first 
two cycles) shall be applied and the 
deflection gage set at zero, after which 
the load shall be applied as before until 
the specified deflection is again reached. 
The load required shall then be read 
and recorded. 

(c;) If desired, the machine may be 
stopped at intervals of 5 per cent deflec- 
tion during the third application and the 
load recorded for each deflection so that 
a stress-strain curve may be drawn. 

(d) Percentages of deflection shall be 
based on the thickness of the specimen 
prior to the first load application. 

Method B. Compression Test at 
Specified Load 

Nature of Test 

8. This test is intended for rapid test- 
ing with a weight-deflection type of 
machine, although it can be performed 
on the other machines described in 


Section 2 (a). Because speed with 
reasonable accuracy is desired, a single 
load application cycle is used. 

Procedure 

9. A specified minor weight or force 
shall be applied for a period long enough 
to adjust the deflection gage, after which 
the major load shall be applied for 3 sec. 
The deflection shall be read on the dial 
gage (Section 2(Jb)) at the end of the 3- 
sec. period, and shall not include any 
deflection caused by the minor load. 
The percentage of deflection shall be 
calculated on the basis of the original 
thickness of the specimen. 

Report 

10. The report shall include the 
following: 

{!) The deflection expressed as a per- 
centage of the original thickness of the 
specimen, 

{2) The load in pounds per square 
inch of original cross-section area, 

(J) Description of sample and type of 
test specimen, including dimensions, 

{4) Description of test apparatus, ^ 
(5) Temperature of test room, and 
((5) Date of test. 


Standard Methods of 

DYNAMIC TESTING FOR PLY SEPARATION AND CRACKING 
OF RUBBER PRODUCTS^ 



A.S.T.M. Designation: D 430 - 40 

Adopted, 1940.2 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 430; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods are intended for 
use in estimating the comparative 
ability of soft rubber compounds to re- 
sist dynamic fatigue. They do not ap- 
ply to the testing of the material ordi- 
narily' classed as hard rubber. They 
are not suited for use in purchase speci- 
fication requirements both because cor- 
relation with service life is uncertain 
and because the results from duplicate 
specimens do not check with sufficient 
precision. No relation between the 
results of the tests and actual service 
performance is given or implied. While 
not accurate measures, they do, however, 
yield data on which to base a judgment 
as to service quality and are widely 
used in research and development work. 
When properly applied and interpreted, 
the tests give comparative results of 
unquestioned value. 

Types of Tests 

2. (a) Tests for dynamic fatigue are 
designed to simulate the continually re- 

Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Prior to adoption as standard, these methods were pub- 
lished as tentative from 1935 to 1940, being revised in 1940. 


peated distortions received in service by 
many rubber articles, such as tires, belts, 
footwear, and various molded goods. 
These distortions may be produced by 
extending, compressing, and bending 
forces or combinations of them. The 
effect of the distortions is to weaken 
the rubber until surface cracking or 
actual rupture occurs. In the case of 
combinations of rubber with other 
flexible material such as fabric, the effect 
may be evidenced by separation between 
the materials, caused either by breaking 
of the rubber or failure of the adhesion 
or both. 

(b) These tests are, therefore, of the 
following two types: 

Type /. — Tests designed to produce 
separation of rubber-fabric combina- 
tions such as are used in belts and 
tires, involving controlled bending 
of the specimens. 

TypelL — Tests designed to produce 
cracking on the surface of rubber by 
either repeated bending or extension 
as occurs in service with parts such 
as tire treads and sidewalls, rubber 
soles, and shoe uppers, diaphragms, 
hose covers, etc. ^ ^ ^ ^ ^ ^ 



Dtoamic Fatigue Tests R tnsBEii Products (0:430 “40) ,-303 


'■(^) These' m test 

procedures using the following different 
types of apparatus: 

Method A. Scott Flexing Machine. 
Method B. De Mattia Flexing 
Machine. 

Method C. E. I. du Pont de 
Nemours and Co. Flexing Ma- 
: chine. , 

The Scott flexing machine is used 
principally for tests of type I, the De 
Mattia flexing machine for tests of type 
II, while the du Pont apparatus is 
adapted to tests of either type I or II. 

Application 

3. In case of conflict between the 
provisions of these methods and those 
of detailed specifications or methods of 
test for a particular material, the latter 
shall take precedence. 

Preparation of Sample 

, 4. Except as may be otherwise speci- 
fied in these methods, the requirements 
of the Standard Methods of Sample 
Preparation for Physical Testing of 
Rubber Products (A.S.T.M. Designation: 
D IS) of the American Society for 
Testing Materials^ shall be complied 
with and are made a part of these 
methods. 

Method A. Scott Flexing Machine^ 
Type of Flexure 

5. The Scott flexing machine method 
is used to test for ply separation samples 
of belts, tires, or other articles composed 
of plies of fabric bonded together by 
rubber compounds. , . 


8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 

-4 Method A was originated by General Laboratories, 
tJ. S. Rubber Co. For further information respecting this 
test see W. A. Gibbons, “Flexing Test for Tire Carcass 
Stocks," Industrial and Engineering Chemistry ^ kn&lyticdX 
Edition, Vol. 2, No. 1, p. 99, January 15, 1930; also W. L, 
Sturtevant, “Rubber Power Transmission Belting, Part 
III— Flexing Machine and Dynamometers for Testing 
Belting Quality," India Rubber Worlds Vol. 83, No. 3, 
p. 67 (1930). 


Test Specimens of 'Belts 

' 6. Test specimens selected from sam- 
ples of belts shall be cut lengthwise of 
the belt and their locations recorded. 
The seam area of a folded belt shall not 
be included in any of the test specimens 
and the folded edge shall be removed 
before cutting the specimens. The speci- 
mens shall consist of four plies for 
routine tests, any excess plies being re- 
moved by stripping carefully so as not 
to weaken the remaining bonds. The 
specimens shall be 8.2S0 in. in length 
by 1 in. ± xi-g: iu width. The actual 
thickness shall be measured and recorded. 

Test Specimens of Tires 

7. Suitable test specimens cannot be 
cut from finished tires and it is necessary 
to prepare special flexing pad samples 
as described in the following Paragraphs 
(a) to (c) from the cord fabric and rubber 
compounds which are to be tested: 

(а) Building Unvulcanized Flexing 
Pad Sample. — Solutioned, frictioned, or 
bare cord fabric shall be calendered with 
the rubber compound to a total thick- 
ness of 0.050 in. Six plies of this 
material shall be assembled using a 
hand roller so that the plies run in 
alternate directions. The first, third, 
and fifth plies shall have the cords 
lengthwise and the second, fourth, and 
sixth plies crosswise of the pad. Care 
shall be taken that the same calendered 
side of each piece is facing up and that 
each alternate ply crosses at right angles. 
The pad which then has a thickness of 
0.300 in. shall be cut by means of a 
template and knife to dimensions of 4.94 
by 7.94 in. The long .edge of the 
template shall be held parallel with the 
lengthwise cords in the pad. 

(б) Vulcanizing of Flexing Pad Sam- 
ples. — The flexing pad sample shall be 
vulcanized in a steel mold having a 
cavity measuring 5 by 8 by 0.325 in. 
Uniform compression shall be applied 
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over the entire top surface of the .pad. 
This compression, together with slight 
stretching produced by the unvulcanized 
pad being cut slightly smaller than the 
cavity, ensures straight cords in the 
cured pad. In order to obtain the com- 
pression it is necessary to make up the 
difference between the pad thickness and 
the mold depth by means of filler layers 
of holland cloth or tin foil which are 
placed on top of the pad. These filler 
layers shall be added until the total 
thickness of the assembly, measured by 
means of a dial micrometer gage using a 
little pressure with the fingers on both 
sides of the gage foot, is 0.305 in. A 
sheet of rubber compound containing 
curing ingredients and measuring 6 by 9 
by 0.02 in, shall be placed on top of the 
flexing pad and filler layers over the 
cavity of the mold before the mold 
cover is placed in position. The total 
thickness of the material in the mold is 
then 0.325 in. and expansion will pro- 
duce the correct pressure to make a 
compact, undistorted pad. The purpose 
of the top rubber layer is to fill the 
overflow space and seal the mold. In 
placing the flexing pad in the mold, 
care shall be taken to keep uppermost 
that side of the pad havingUhe cords 
running crosswise. Vulcanization shall 
be carried out by heating the mold under 
pressure at a known temperature for 
the required time in a rubber vul- 
canizing press. After curing, the filler 
layers shall be removed and the pad 
allowed to cool and rest at a room 
temperature between 70 and 90 F, 
(21 and 32 C.) for not less than 36 hr. 
before being tested. Pads made in 
this manner shall be 8 in. in length by 
5 in. in width and shall have a thickness 
of 0.275 to 0.280 in. Any pads having 
wrinkled cords shall not be tested. 

(c) Cutting Tire Test Specimens — 
Four strips each 8 in. in length by 1 in. 
in width shall be cut from the tire 


flexing pad. On the first cut, a strip 
0.250 to 0.500 in. in width from the’ 
edge along the long side of the pad shall 
be removed and discarded. Care shall 
be taken to cut the strips straight, with 
smooth edges and as closely to the exact 
width as possible. If reasonable care 
has been taken in preparing the pads 
and in cutting the specimens, there 



should not be more than five or six cut 
longitudinal threads showing on the two 
edges of a six-ply specimen. An exces- 
sive number of such cut threads in- 
dicates that many of the threads of 
alternate plies are not parallel. 

Number of Test Specimens 

8. At least five specimens from each 
belt sample or four specimens from each 
tire pad shall be tested and the results 
averaged. The accuracy of the final 
value naay be increased by testing a 
greater number of specimens. 
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Scott Hexing MacMne ■ 

9. The ' essentlar features of the ap- 
paratuSj iUustrated in Fig. 1, are as 
follows: The flexing machm^ has five 
hubs and is capable of testing five 
specimens at one time. Each, hub is 
carried on a loading lever and rotates 
on suitable bearings. The test speci- 
mens shall be bent around the hubs 
having an arc of contact of about 135 
deg. and the ends shall be gripped by 
clamps which are oscillated up and down 
by rocker arms driven through a chain 
of gears by a |-hp., 1750 r.p.m. motor. 
The action on the specimen is a flexing 
back and forth over the hub while 
pulled taut by the loading lever and 
weight. The specimen has a travel in 
one direction of 2.625 in. and a full 
cycle travel of 5.250 in. The speed of 
operation is approximately 160 cycles 
per minute, the exact number of cycles 
in each test being recorded on a counter 
affixed to each rocker arm. The entire 
machine is approximately 50 in. in 
height and occupies a floor space of 
about 26 by 38 in. 

Hub Size and Flexing Load 

10. Specimens of belts shall be tested 
using hubs 1.250 in. in diameter and a 
iOO-lb, flexing load. Specimens of tire 
cord shall be tested using hubs 0.563 
in. in diameter and a lOO-lb. flexing load. 

^Procedure for Belts 

11. The test specimens of belts shall 
be bent around the hubs v^^ith the pulley 
side of the belt against the metal and 
the ends clamped in the grips. The 
flexing load shall be then carefully ap- 
plied without shock, the counter set at 
zero, and the machine started. It shall 
be allowed to run until some fine par- 
ticles dislodged by friction may be seen 
on the white plate beneath the hub 
which indicates that separation of the 
plies has started. Frequent inspection 


of the specimens undergoing; test, ' is 
imperative if reliable results are to be 
expected. When the first indication of 
ply separation appears, the counter 
reading shall be noted and thereafter the 
specimen shall be more closely watched 
and the frequency of the inspection 
increased to insure proper determina- 
tion of the end point When there is 
a clear separation across the width of 
the specimen it shall be considered to 
have failed. The minimum counter 
reading for this failure shall be recorded 
as the end point. Notation shall also 
be made as to the location of the 
separation. When a test is started, it 
shall be continued to completion without 
interruption. The machine shall not be 
stopped and allowed to remain inactive 
for any length of time and then started 
again. However, for examining the 
specimen, each * hub may be released 
momentarily from its weight by means 
of the foot lever provided. None but 
experienced operators should make this 
determination. 

Procedure for Tires 

12. The test specimens for tires shall 
be mounted with the lengthwise outer 
ply cords against the hub of the machine 
and shall be tested in a manner similar 
to the procedure for belts (Section 11). 
In the case of tire specimens, after the 
specimen has been run about 10 min. 
a thick coat of molten caranaubaL wax 
shall be brushed on the outer side of the 
specimen at the flexing region. As soon 
as separation begins, the temperature of 
this section increases very rapidly and 
the wax melts. The melting of the wax 
starts with a small area and gradually 
spreads as separation increases. This 
serves as a warning that complete 
separation will occur shortly thereafter 
and eliminates the necessity of examining 
the specinaen at frequent intervals during 
the early part of the test. The interval 
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between the melting of the wax (the ' 
time at which separation actually starts) ' 
and complete separation across the 
specimen may not always be the same 
^(Note).\ 

Note.— A specimen with a short flexing life 
will show complete separation soon after the 
wax melts, whereas, a sample with a greater 
flexing life might require a time interval two or 
three times as long. However, with specimens 
having similar flexing life, the time interval 
between the melting of the wax and complete 
separation is fairly constant. 

Calculations 

13. The result of the test of any 
sample shall be calculated as the average 
of the number of flexing cycles required 
to produce complete separation of each 
test specimen as determined from the 
counter readings. 

Method B. De Mattia Fdexing 
Machiisie® 

Type of Strain 

14. The De Mattia flexing machine 
method may be used to test rubber 
specimens for resistance to cracking 
produced either by extension or bending, 
depending on the relative adjustment 
of the stationary and movable grips, 
and the distance of travel of the latter. 
The choice of type of strain is optional 
(Note) but notation shall be made of 
the type actually used, giving full details 
of the relative positions of the grips 
and of the travel. 

Note.— “I n choosing the type of strain, it 
should be remembered that the phenomenon 
of cracking starts on the surface of the rub- 
ber and rapidly progresses inward as new 
surface is exposed. Since rubber is practically 
noncomp ressible but highly extensible, the 
rupture of the surface fibers in both types of 
strain must come from disturbances due to 
elongation. The magnitude of the extension, 


* See L. V. Cooper, “Laboratory Evaluation of Flex- 
Cracking Resistance/' Industrial and Engineering Cher/f 
istry. Analytical Edition, Vol. 2, No. 1, p.'39t, October 
IS, 1930. 


however, may differ and the intemal distribution 
of force in the specimens: is not the same in the 
two cases. The choice, therefore, will depend 
considerably on the purpose of the test and the 
kind of service for which ^correlation of the test, 
results may be sought. 

Test Specimens for Extension Fatigue 

Cracking 

■ IS. When the extension type of strain is 
used the standard test specimen shall be 
the dumbbell-shaped tension specimen 
shown in Fig. 3 (die C) of the Standard 
Methods of Tension Testing of Vul- 
canized Rubber (A.S.T.M. Designation: 
D412) of the American Society for 
Testing Materials.® The actual thick- 
ness shall be measured and recorded and 
results shall be compared only when ob- 
tained using specimens of substantially 
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Fig. 2, — De Mattia Bend Flexing Specimen 
with Circular Groove. 


the same thickness. The specimens 
shall be prepared in the same manner as 
for tension tests and special care shall 
be taken to avoid any surface imper- 
fections which might start the cracking. 
All specimens with irregularities on any 
surface shall be discarded. On speci- 
mens cut from molded sheets, highly 
polished surfaces are very desirable. 
When buffing is necessary, as with 
samples cut from finished products, 
great care shall be exercised that the 
buffing is alike on all specimens which 
are to be compared. 

Test Specimens for Bend Flexing 

16. Apien the flexure is by bending, 
special molded specimens of the shape 
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shown in Fig. 2 shall be used. The 
specimens shall have highly polished 
surfaces and shall be free from surface 
irregularities which might start the 
cracking prematurely. The minimum 
thickness in the circular groove shall 
be measured in thousandths of an inch 
and recorded. Results shall be com- 
pared only between specimens having 
thicknesses agreeing within plus or minus 
0.0015 in. 

Number of Test Specimens 

17. At least three specimens from 
each sample shall be tested and the 


lar. reciprocating member for holding the 
other end of each of the specimens. The 
reciprocating member is so mounted 
that its motion is straight in the direction 
of and in the same plane as the center 
line between the grips. The travel of 
the moving member shall be adjustable 
and shall be obtained by means of a 
connecting rod and eccentric having a 
minimum length ratio of 10 to 1. The 
eccentric shall be driven by a motor 
operating at constant speed under load 
and giving 300 flexing cycles per min- 
ute. Provision shall be made for a 
maximum travel of the moving grips of 


-De Mattia Tester with Time-Switch for Starting or Stoppings 
Arranged with Specimens for Flex-Cracking Test. 


results averaged. It is desirable, when 
possible, to test simultaneously with 
each set of specimens a set of control 
specimens of which the resistance to 
flex cracking is known. 

De Mattia Flexing Machine 

18. The essential features of the ap- 
paratus, one design of which is shown 
in Fig. 3, are as follows: The machine 
has an adjustable stationary head or 
member provided with suitable grips 
for holding one end of each of the test 
specimens in a fixed position and a simi- 


4 in. The capacity of the machine shall 
be such that tests at the same time may 
be made on at least six and preferably 
twelve specimens. The grips shall bold 
the specimens firmly throughout the 
test and those on the reciprocating 
member may clamp each specimen 
individually to facilitate proper adjust- 
ment of the specimens. 

Clamping Specimens in Machine 

19. One end of the specimen shall be 
clamped in the stationary grip and the 
other in the movable grip, care being 
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takeu' to see ' that , axis of the 

specimen is parallel to the direction of 
motion. The constricted section or the 
circular groove of the clamped specimens 
shall be located symmetrically midway 
between the clamps. The specimens for 
extension fatigue cracking shall be 
gripped only on the enlarged ends. 
The specimens may be mounted on the 
machine most conveniently by holding 
them properly spaced in parallel posi- 
tions in a special rack. The distance 
between the outer edges of the side bars 
of the rack shall be equal to the space 
between the jaws of the testing machine 
when positioned for holding the speci- 
mens without tension. The specimens 
can be mounted on the testing machine 
by bringing the jaws into contact with 
the mounting rack and tightening the 
clamps on the projecting ends of the 
specimens. In the case of the specimens 
for bend flexing, the clamps shall grip 
each end over a length of If in. with 
the side having tl)e circular groove so 
placed that it will be the outer surface 
when the specimens are bent. 

Adjustment of Machine 

20. (a) Extension Fatigue Crack- 
ing , — For these tests, the positions of the 
stationary and movable grips relative 
to each other and the length of the 
eccentric arm and connecting rod shall 
be adjusted by trial so that the movable 
grip will approach the stationary grip 
■| in. closer than necessary to relieve the 
elongation stress in the specimen and 
so that the grips will separate a maxi- 
mum distance sufficient to elongate the 
portion of the specimen between the 
gage marks a predetermined and re- 
corded amount. The elongation of the 
specimens between the’ gage marks 
shall not exceed one fourth of the 
ultimate breaking elongation. For 
highly extensible rubbers a maximum 
elongation of 125 per cent is suitable. 


(J) Bend Flex-ing.'— For bend flexing 
tests the positions of the stationary and 
movable grips relative to each other and 
the length of the eccentric arm and 
connecting rod shall be adjusted so that 
during each stroke of the machine the 
grips approach each other to a distance 
of I in. and separate to a distance of 3 in. 

Procedure 

21. After adjustment of the apparatus 
and specimens is completed, the machine 
shall be started and the time recorded. 
The test shall be continued until, by 
frequent inspection, the appearance of 
the first minute sign of cracking is de- 
tected, when the time shall again be 
recorded. The first cracking may be 
evidenced as . either very fine hair-line 
cracks or as slight pin holes. After 
this time, the specimens shall be ob- 
served very closely until the test is dis- 
continued and the final time recorded 
when the cracks have developed suf- 
ficiently to permit grading the degree of 
the cracking in all specimens as de- 
scribed in Section 22. It is not desir- 
able to run the specimens until actual 
complete rupture occurs when this can 
be avoided. When testing specimens of 
which the dynamic fatigue properties 
are approximately known, the test may 
be run for a known predetermined num- 
ber of cycles after which the grading 
comparison shall be made. 

Results 

22. After conclusion of the test, the 
specimens shall be removed from the 
machine and evaluated in sequence rela- 
tive to the seriousness of the cracking 
by comparison with a standard scale of 
cracked specimens of the same type. 
The comparison shall be made by 
judging visually the length, depth, and 
number of cracks. The standard com- 
parison scale shall consist of ten speci- 
mens equally graded and numbered from 
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No. Oj showing no cracking, to No. 10, ■ .method A and described in Sections 
which , is completely cracked through, 6. and 7 (a), (5) and (c),' except that 
The final result for a given sample shall they, shall be cut to dimensions of 1 in. 
be recorded as the average of the num- in width by 4 in. in length, 
bers so obtained from all of the speci- ^ ^ . 

mens. The number of cycles required Specimens for Flex Cracking 

for the first sign of cracking and for the 24. Specimens for tests of type II 
final result shall be calculated by mul- (Section 2 (b)) shall be specially pre- 
tiplying the observed time expressed in pared from the unvulcanized rubber 
minutes by the rate of 300 cycles per compounds to be tested. They shall 
minute and shall also be recorded. The have a fabric base to prevent stretching 
test results shall be compared only during test and shall be strips 1 in. in 


Overflow Groove 
Both Ends 



Base* Plate Stripper Plate Top Plate 


Fig. 4. — Mold for Preparing Test Specimens for du Pont Flexing Test. 


between specimens of similar sizes and 
shapes, tested in the same manner under 
identical conditions. 

Method C, E. I. du Pont de Nemours 
' AND Co. . Flexing Machine® 

Test Specimens for Ply Separation 

23. Specimens for tests of type I 
(Section 2 (6)) shall be prepared as in 

Method C was originated by Fisk Rubber Co. Labora- 
tories. For further information respecting this test see 
A. M. Neal and A. J. Northam, “Some Factors Affecting 
the Resistance to Flexing/’ Industrial and Engineering 
Chemistry, VoL 23, No. 12, p. 1449, December, 1931. 


width by 4 in. in length cut at right 
angles to the grooves from vulcanized 
test slabs prepared as described in the 
following Paragraphs (a) and (b): 

{a) The unvulcanized stock shall be 
prepared in sheets having a thickness 
of 0.185 drO.003 in. A slab 4 by 7| 
in, shall be cut so that the grain of the 
stock runs paraEel to the 4-in. side. 
The slab shall then be backed with a 
layer of frictioned belt fabric cut to 
the same size. The warp of the fabric 
shall be placed parallel to the grain of 
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the stock. Semicured white letters may 
be placed along the side of the slab for 
the identification of the samples, which 
shall be subsequently cut out and as- 
sembled for flexing. Before vulcanmng, 
the stock shall be allowed to rest 16 
hr. after mixing. The slab and fabric 
shall conform to the following require- 
ments: 

Stock thickness 0.185 0.003 in. 

Weight of slab (L15 sp. gr.), ap- 
proximate.... 105g. 

Weight of fabric 25 g. 

Total weight 130 g. 

Overflow, approximate. 15 g. 

Warp Filler 

Raw Fabric, Silver Bard 
Duck: 

Threads per inch 27 J by 18J 

Ply 7 by 4 

Crimp 25 by 4 per cent 

Strength (A.S.T.M. 

Grab Method),® 

12-hr. exposure in 
an atmosphere hav- 
ing a relative hu- 
midity of 65 per 

cent at 70 F. .... . 600 by 290 lb. 

Thickness 0.057 in. 

Weight per square 

yard ... 28 oz. 

FricUoned Fabric {fric- 
Honed both sides): 

Weight per square 

yard 36 oz. 

Thickness. 0.049 ± 0.003 in. 


® The grab method is described in Section 10 of the 
Standard General Methods of Testing Woven Textile 
Fabrics (A.S.T.M. Designation: D 39) of the American 
Society for Testing Materials.® 

(5) The stretch is not taken out of 
the fabric, but this is of little importance 
since there is little stretch to silver hard 
duck. The fabric shall be frictioned on 
both sides with a conventional gum- 
friction compound. The slab shall be 
placed in the mold shown in Fig. 4 
with the rubber side of the slab next to 
the mold corrugations and vulcanized 
as required for the particular compound. 
This produces a cured slab with a fabric 
backing 7.S in. in length by 4 in. in 


width and 0.188 in. in thickness at the 
smooth portion and 0.233 in. in thick- 
ness at the corrugated portion. There 
are eight transverse V-shaped grooves 
0.156 in. (-^ in.) in width ^ and 0.045 
in. in depth. The angle of the 
is 120 deg. Notation shall be made of 
the time and temperature of vul- 
canization. 

Number of Test Specimens 

25. At least five specimens from each 
sample shall be tested in ply separation 
tests or at least three specimens from 
each test slab in flex cracking tests and 
the results averaged. The accuracy of 
the final value may be increased by 
testing a greater number of specimens. 
Since the test is primarily comparative, 
a set of control specimens from samples 
of which the qualities are known should 
be tested simultaneously whenever pos- 
sible. Flex cracking results shall be 
compared only between specimens hav- 
ing thicknesses agreeing within plus or 
minus 0.0015 in. 

du Pont Flexing Machine 

26. The du Pont flexing machine, 
shown in Fig. 5/ consists essentially of 
four pulleys around which a test belt is 
run. The belt shall be composed of 
test specimens acting as links held to- 
gether with belt fasteners. The machine 
may be arranged as shown so that several 
separate belts made of test specimens 
may be run at the same time. Facing 
the front of the machine, the upper 
left-hand pulley is driven by a |-hp. 
motor. This driving pulley shall have 
a speed of 930 r.p.m. The upper 
right-hand pulley is on a balance arm 
which supports a 30-lb. weight. The 
weight is 11 in. and the pulley 5 in. from 


Blueprints of detailed drawings for the construction 
of this apparatus are available at a nominal cost from the 
American Society for Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. 
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the supporting pin, produci^^ a belt determine when a belt breaks, the lever 
tension of approximately 17 lb. The arm contacts a switch which stops an 
center and lower pulleys are idlers. All electric clock, 
pulleys are 3 in. in outside diameter and 
have faces 1 1 in. in width with 0.031 in. 

in.) crowns and are mounted on ball 
bearings. The bottom and center pul- 
leys are on the same vertical line and 
their centers are 14f in. apart. The 
left-hand, or driving pulley, and the 


Procedure 

27. Twenty test specimens shall be 
formed into a test belt by means of belt 
fasteners^ using six clips on one end of 
each specimen and five on the other. 
The belt fasteners shall be joined to- 




* Detroit No. 5. belt fasteners are satisfactory. 
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placed :On the pulleys and driven ^at , a 
speed of 97 r.p,m. or a linear speed of 
of approximately 8.75 m.p.h. Belts for 
ply-separation tests shall have the same 
side of the specimens next to the drive 
pulley in all cases and when the speci- 
mens are cut from rubber belting, this 
side shall be the pulley side of the 
sample. Belts for flex-cracking tests 
shall have the fabric base next to the 
drive pulley. Each specimen shall be 
flexed three times with the face under 
tension and once under compression 
during each revolution. The direction 
of rotation of the belt shall be changed 
every 12 hr. since this gives greater 
uniformity. Notation shall be made of 
the time of starting the machine. Flex- 
ing shall be continued and visual in- 
spection of the specimens shall be made 
at periodic intervals until all specimens 
show some signs of failure when the test 
shall be discontinued and the time 
recorded. With ply-separation speci- 
mens, notation shall be made of the 
time of appearance in each specimen of 
the first indication of ply separation 
visible upon bending the specimen. 
Failure of ply-separation specimens shall 
be accepted when there is clear separa- 
tion across the width of the specimen. 
With flex-cracking specimens, the failure 
is indicated by the appearance in the 
corrugations of small nicks or pin holes 
which soon increase in size until they 
become deep cracks, which may extend 
all the way across the specimen. The 
frequency of inspection of the specimens 
shall be suflicient to give a reliable 
measure of the failure of the specimen. 
If a specimen breaks prematurely, it 
shall be replaced with a blank and the 
test continued. 

Results 

28. (a) Ply-Separation Tests * — ^With 
ply-separation specimens, the result of 


the test for a given sample shall be cal- 
culated' as the average of the total 
number of belt revolutions required to' 
produce complete separation of each test 
specimen. Notation as to the location 
of the separation shall also be re- 
corded. 

(b) Flex-Cracking With flex- 

cracking specimens, the result of the 
test shall be evaluated as given in 
Section 22, except that the number of 
flexures shall be recorded in terms of 
total belt revolutions at the end of the 
test calculated by multiplying the ob- 
served flexing time expressed in minutes 
by the belt speed of 97 r.p.m. A de- 
tailed permanent record of the cracking 
in each specimen may be made by 
indicating on a suitable form the location, 
number, and intensity of the nicks and 
cracks. Dots may be used for nicks 
and straight lines for cracks. Very 
light marks may be used for first in- 
dications with heavier marks to indicate 
increased depth and width of failure. 

Retort 

Report 

29. For each of the three alternative 
methods of test, the report shall include 
the following: 

(i) The results of the test expressed 
in accordance with Section 13, 22, 
or 28, 

{2) Statement of the purpose of the 
test and the method used, including 
a description of the specimen, 

(i) All observed and recorded data, 
{4) Description of the sample, 

(J) Date of manufacture or vul- 
capization, if' know'n, ^ ■ , 
{6) Date of test, and 
(7) Temperature of the test room 



Standard Method of Test for 


YOUNG’S MODULUS IN FLEXURE OF NATURAL AND 
SYNTHETIC ELASTOMERS AT NORMAL AND 
SUBNORMAL TEMPERATURES' 



A.S.T.M. Besigaatioii: D 797-46 
Adopted, 1946.* 

This Standard of the American Society for. Testing Materials is issued under 
the fixed designation D 797; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, {a) This method of test covers the 
procedures for determining Young’s 
modulus (in flexure) of natural and syn- 
thetic elastomers at normal and sub- 
normal temperatures. 

(h) Increases in Young’s modulus of 
elastomers upon exposure to progres- 
sively lower temperatures are attribut- 
able to either or both of the following two 
distinct freezing effects (see Explanatory 
Note): 

(i) Second Order Transition ( Vitri- 
fication) which is relatively inde- 
pendent of time of exposure to low 
temperatures, and 
XT) Crystallization or other effects 
which are strongly dependent on time 
of exposure to low temperature. 
Procedures for measuring the effects of 
these two changes are different and are 
described separately in this method. 

Apparatus 

2. The apparatus, a satisfactory ex- 


uUnder the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Prior to adoption as standard, this method was 
published as tentative from 1944 to 1946. 


ample of which is shown in Fig. 3, shall 
consist of the following (Notes 1 and 2) : 

{a) Cooling Chamber. — cooling 
chamber of sufficient size to contain the 
test apparatus with openings or ducts 
appropriately placed for remote control 
and capable of attaining and holding the 
desired test temperatures. All speci- 
fied temperatures shall be maintained 
within plus or minus 1.0 F., preferably 
by automatic regulation. Uniformity of 
temperature throughout the cooling 
chamber should be assured by means of 
a suitable air-mixing fan, 

(&) Supports for Specimefis—Sxx]fp^Tts 
for the simple beam test specimens made 
in the form of a saddle as shown in Fig. L 
The curved surfaces of the supports shall 
be cylindrical with a radius of 0.187 db 
0.003 in. and at least 1,01 in. in length. 
The distance between the center lines 
of the specimen supports shall be 
2.000 =b 0.002 in. Retaining pins shall 
be placed at each end and side of the 
specimen supports as shown in Fig. 1, 
to assist in correctly aligning the speci- 
mens and to prevent accidental dislodg- 
ing of test specimens. 

{c) Liquid Containers, — A means for 
completely immersing in a liquid the 
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specimen supports described in Para- 
graph (6). All referee or normal tests 
shall be made in a gas (air, carbon 
dioxide, or nitrogen) atmosphere, but 
where required by particular service 
conditions, tests may be run in the 
standard manner submerged in the speci- 
fied liquid. 

(d) Loading FooL — The surface of the 
cylindrical loading foot which contacts 
the specimen shall have a radius of 0.187 
± 0.003 in. and, like the saddle supports, 
a length of not less than 1.01 in. The 


(/) Loading Method,— A means for 
raising and lowering the loading foot, and 
for applying the required load. . Dead 
weights of appropriate size are satis- 
factory. 

(g) Deflection Indicator,— A dead 
weight, dial micrometer gage calibrated 
to 0.001 in. mounted directly over the 
top end of the loading rod. 

(h) Dead Load Counterbalance, — If the 
total dead load (loading foot, loading 
rod, weight pan, and dial gage reaction) 
exceeds 0.11 lb., a counterbalance system 




(minimum) 


A/I Surfaces Conf acting Test 
Specimen have a Radius of 
0J875in. 

Fig. L — Loading Foot and Specimen Support for Low-Temperature Modulus in Flexure Apparatus. 


loading foot shall be aligned with its 
cylindrical axis parallel to those of the 
saddle supports and shall contact the 
specimen midway between the saddle 
supports. 

{e) Loading Rod, — A loading rod, 
shall be attached to the loading foot and 
shall extend outside the cooling chamber. 
The bearing in which the loading rod 
slides (whether it be inside or outside the 
cooling chamber) shall be as nearly 
friction-free as possible. (Polished rods 
and tubes machined from canvas-base 
phenolic plastic laminates and hand 
rubbed and lapped with graphite are 
recommended.) 


supported on agate V’s and hardened 
steel knife edges shall be attached to the 
loading rod in order to reduce the total 
dead load to 0,09 to 0.11 lb. See Fig. 2 
for one design of a counterbalance 
system. 

(i) Turntable and Registering System. 
— ^A means for arranging a number of 
specimen supports on a turntable or other 
indexing mechanism. Means for in- 
dexing each specimen in turn beneath the 
loading foot from outside the cooling 
chamber shall also be provided. 

Note 1. -—In cases of consumer specification 
or where apparatus such as described in Section 2 
is not available, the durometer test may be used 
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as a secondary or emergency method of evaluat- 
ing cold resistance. In such cases the durom- 
eter shall be used as specified in the Tentative 
Method of Test for Indentation of Rubber by 
Means of the Durometer (A.S.T.M. Designa- 
tion: D 676).® 

Note 2. — All metallic parts should be made 
of corrosion-resistant materials or should be 
suitably plated to avoid corrosion. 

Test Specimens 

3. The test specimens shall be 


that a load of not more than 2,5 lb. 
shall be needed to produce the deflection 
required in Section 4 (5). The following 
dimensions within the tolerances indi- 
cated, will usually be satisfactory: 
Width...... . 1.00 ±0.01 in. 

Thickness .... 0.250 in. uniform over the surface 

to ± 0.002 in. 

Length . 2.50 ± 0.025 in. 

(b) Two specimens of each sample 
shall be tested. 


We/ghtj 


'^Beam Yoke 
Indicator 




Pan 


Indicator 

Flexible 
Linkage 
r<-Yoke 
Beam Levelin g 
Nuts 
■Weights 


ran 

W Raising Wheel QJj 

^ Rig id Bose 

^ Wei g ht and 
indicator Push Rod 

r- Loading Foot 
I Test Specimen 
M^Guide Pins 



Indicator 

and 

Counter 

Boionce 

Support 


^Specimen Support 

Fig. 2. — Counterbalance Device for Low-Temperature Modulus in Flexure Apparatus. 


strips cut or buffed from molded sheets 
or they shall be molded to size from the 
material to be tested. They shall have 
a rectangular cross-section and shall be 
cut with their longitudinal axis parallel 
to the calender grain, unless grain effects 
are to be evaluated. The thickness of 
the specimen to be used will depend on 
the modulus of ^ the material Gener- 
ally, the thickness shall be chosen so 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Procedure (For determination of Young’s 
modulus - temperature relation when 
crystallization or other time effects, 
if present, are negligible.) 

4. (a) The dimensions of the test speci- 
mens shall be measured and recorded and 
the specimens carefully centered on the 
saddles. With the refrigerator controls 
set at 70 F., the air circulating fan shall 
be started (Note). The temperature 
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dicator^ reading recorded as J?i. The 
load shall be reapplied, . the ..time 
noted and IS sec. later the, dial indicator 
reading recorded ,as i^ 2 . . The loading 
foot shall be raised .clear of. .all the specb. 
mens and the- next specimen ^placed in 
position by the indexing mechanism,. 

(<;) The test procedure prescribed in 
Paragraph {h) shall be repeated on all 


shall be allowed to remain at 70 F. for IS 
min. before proceeding with the test. 

Note.— I t is suggested that the cooling 
ehamber be kept tightly closed at all times 
during a given test, except when the inside 
temperature is above the existing dew point 
.temperature..,' •' 

(6) By means of the indexing and 
aligning mechanism the first specimen 


Fig. 3.— Modulus in Flexure Test Apparatus. 

shall be located under the loading foot, the specimens within the chamber at 
The loading foot shall be lowered with 70 F. 

an initial load of 0.09 to 0.11 lb. net on (d) The test procedure prescribed in 
the center of the specimen and the dial Paragraph ih) shall then be repeated at 
indicator reading noted. The weight temperatures of +32 F., ■— 40 F., 70 

pan shall be loaded to produce a deflec- F., and a still lower temperature, if pos- 
tion of 0.010 to 0.025 in. and the specb sible. Data shall also be recorded at 
men allowed to remain loaded for 10 convenient temperature intervals (10 F.) 
sec. The weights shall then be re- from the lowest temperature to +70 F. 
moved and after 10 sec. the dial in- (increasing temperature). 
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■CalciiiationS: 

5. (^) Calculate Young’s modulus (in 
flexure) as follows: 


iwi^{R2 — Ri) 

wliere: 

E = Young’s modulus (in flexure) in 
pounds per square inch, 
i = load in pounds added in weight 
pan, 

I = distance between supports in 
inches, 

w = width of specimen in inches, 
t = thickness of specimen in inches, 
and 

Ri and i ?2 = dial indicator readings. 

(6) Use of Nomograph . — Calculation 
of Young’s modulus from simple beam 
bending data is rather laborious even 
though two of the variables (width of test 
specimen and distance between specimen 
supports) are fixed in a given experimen- 
tal apparatus. The nomograph in Fig. 4 
has been constructed to simplify this 
procedure. To calculate Young’s modu- 
lus by means of this nomograph, locate 
(i) the specimen thickness on the extreme 
right-hand scale, and [2) the observed 
deflection on the extreme left-hand scale. 
Connect these two points with a straight 
edge and locate the point of intersection 

of this straight edge and the center ~ 

scale (Note 1). Rotate the straight edge 

E 

about this point on the ^ scale until it 

intersects the load scale at the appropri- 
ate point. At the intersection of the 
straight edge with the E scale read 
Young’s modulus in pounds per square 
inch (Note 2) . The nomograph in Fig. 4 
can be used only for a specimen width of 
LOO in. and a distance of 2.00 in. between 
specimen supports. 

Note L — ^The center scale represents the 
value of Since it is not necessary to know 


the numerical value of this quantity, the scale 
has been left undivided. 

Note 2 : Example. E for a sample 
0.250 in. in thickness which gave a deflection of 
0.018 in. under a load of 1.1 lb. Join 0.250 on the 
extreme right-hand scale and 0.018 on the ex- 
treme left-hand scale 'with a straight edge. 
Locate the point where this line crosses the 
center scale. Pivot the straight edge about this 
point till it is in alignment with the point 1.1 
in the second scale from the left. Read 7800 
psi. on the fourth scale from the left. 

Report 

6. The curve for Young’s modulus 
versus the temperature as the cold stiffen- 
ing characteristic of each specimen tested 
shall be plotted. However, one or more 
limiting modulus values corresponding 
to predetermined temperatures, relative 
to the application of a particular product, 
shall be considered satisfactory for 
materials specifications, provided crystal- 
lization or other time-stiffening effects 
are known to be absent. 

Procedure (For detection of crystalliza- 
tion or other time effects.) 

7. {a) The dimensions of the test speci- 
mens shall be measured and recorded 
and the specimens carefully centered 
on the saddles. With the refrigerator 
controls set at —4 F. (Note 1), the air 
circulating fan shall be started. The 
temperature of the testing medium shall 
be maintained at ”-4 F. for 15 min. be- 
fore proceeding with the test. 

Note 1. — The temperature of maximum rate 
of crystallization for natural rubber is approxi- 
mately —4 F. When testing neoprene GN for 
crystallization, a temperature of +32 F. is pref- 
erable. 

if)) The specimens shall be tested in 
accordance with the procedure described 
in Section 4 (&). 

{c) The testing procedure shall be 
repeated for all the specimens in the 
cooling chamber at — 4 F. (Note 2) after 
which the temperature shall be main- 
tained at 4 F. for 72 hr. 
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Note 2.— If necessary, or desirable, the 
specimens being studied for crystallization 
or other time effects may be removed from the 
turntable saddle supports after the first set of 
measurements and may be maintained at —4 F. 
for 72 hr. in an auxiliary cooling chamber. The 
second set of measurements may then be made 
by quickly transferring the specimens back to the 
saddle supports and proceeding as outlined 
above. This procedure, however, will result in 
considerable frosting of the interior of the 
refrigerator and should probably not be used 
for best results. 

(d) The testing procedure described 
ill Section 4 (b) shall then be repeated on 
all the specimens as described in Para- 
graph (b) after conditioning at — 4F. 
for 72 hr. 


Calculations 

8. From the data obtained both before 
and after conditioning for 72 hr., calcu- 
late Young’s modulus from the formula 
given in Section 5. 

Report 

9. If the calculated modulus after the 
72-hr. conditioning period is considerably 
larger than before the 72-hr. exposure, 
the presence of crystallization or other 
time effects is indicated and shall be 
reported. Further evaluation of the 
magnitude or rate of crystallization or 
time-stiffening shall be governed by the 
expected service specification for a given 
material. 


Explanatory Note 


Note. — There are two types of change^ that 
take place as flexible materials are cooled: (i) 
hardening without crystallization (second order 
transition or vitrification), (2) crystallization 
or other time effects (for example, hardening due 
to plasticizer incompatibility at low tempera- 
tures). The first change is purely thermal and 
is complete shortly after thermal equilibrium is 
reached. It is apparent as an immediate 
increase in the modulus, hardness, and brittle- 
ness. The second change depends on crystal- 
lization and progresses with time for rather 
long periods. This crystallization may take 


4 Further discussion of these changes may be found in 
the following references: 

Norman Bekkedahl, “Forms of Rubber as Indicated 
by Temperature- Volume Relationships,’” Journal oj 
Research, Nat. Bureau Standards, Vol. 13, No. 3, 
September, 1934, pp. 411-431 (Research Paper No. 
717). 

Norman Bekkedahl and L. A. Wood, “Influence of 
the Temperature of Crystallization on the Melting 
of Crystalline Rubber,” Journal of Chemical Physics, 
Vol. 9, No. 2, February, 1941, p. 193. 

Norman Bekkedahl and L. A. Wood, “Crystallization 
of Vulcanized Rubber,” Industrial and Engineering 
Chemistry, Vol. 7)3, March, 1941, p. 381. 

Norman Bekkedahl and Russell B. Scott, “Specific 
Heat of the Synthetic Rubber Hycar O. R. from 
15* to 340® K,” Journal of Research, Nat, Bureau 
Standards, Vol. 29, No. 1, July, 1942, pp. 87-95 (Re- 
search Paper No. 1487). 

J. W. Liska, “Effect of Low Temperatures on Young’s 
Modulus of Elastomors” Industrial and Engineering 
CAmwfry, Vol. 36, p. 40 (1944) . 

R. F. Boyer and R. S. Spencer, Journal of Applied 
Physics, Vol IS, p. 398, 1944. 


place in the polymer itself or in some plasticizers 
or softeners. There is a temperature at which 
there is an optimum rate of crystallization. 
Above this temperature the tendency to crystal- 
lize is less and at lower temperatures the in- 
creased internal viscosity hinders orientation. 
Hence this change is most evident as an increase 
in modulus and hardness with time of con- 
ditioning at moderately low temperatures. 

These considerations show that the time of 
conditioning necessary to measure the first type 
of change (second order transition or vitrifica- 
tion) is that necessary to insure thermal equi- 
librium. The second type of change (crystal- 
lization) can best be measured as a change in the 
hardness or modulus as function of time after the 
attainment of thermal equilibrium. The occur- 
rence of crystallization or other time effects can 
be shown by measuring hardness or modulus at 
— 4 F. (see Note 1, Section 7) immediately after 
thermal equilibrium is reached and again after 
conditioning for 72 hr. at —4 F. A significant in- 
crease in hardness or modulus after 72 hr. indi- 
cates crystallization or other time effects. 
Further evaluation of the magnitude or rate of 
crystallization or time-stiffening shall be gov- 
erned by the expected service specification for a 
given material. 
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Standard Specifications for 

COTTON RUBBER-LINED FIRE HOSE FOR PUBLIC AND 
PRIVATE FIRE DEPARTMENT USEi 



A.S.T,M. Designation: D 296 - 38 

Adopted, 1934; Revised, 1935, 1938.^ 

Tbis Standard of the American Society for Testing Materials is issued under 
the fixed designation D 296; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L These specifications cover 1|, 2, 2|, 
3, and 3|-in, single-, double-, or triple- 
jacketed cotton, rubber-lined fire hose 
suitable for use in public or private fire 
departments. 

Gotton Fabric u 

2. (^) The jackets shall be well, 
evenly, and firmly made from good cot- 
ton, as free from unsightly defects, dirt, 
knots, lumps, and irregularities of twist 
as is consistent with good manufacturing 
practice. 

(6) Each jacket shall be seamless and 
shall have the fillers woven around the 
hose throughout its length and the warps 
interwoven with and covering the fillers. 
The jackets may be separate or inter- 
woven. 

Rubber Lining 

3. (a) The lining shall be made of a 
properly vulcanized rubber compound 

^ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M, Committee D-11 on Rubber and Rubber-Like 
Materials. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1928 to 1934, being re- 
vised in 1931. 


which will comply with all the tests 
specified in Sections 5 to 8, inclusive. 
It shall consist of not less than three cal- 
endered sheets in one solid body and 
shall be lap-jointed with the lap as small 
and as neat as is consistent with good 
results. 

(5) The lining shall be smooth and 
practically free from pitting and other 
imperfections and from corrugations. 

{c) The lining shall be of uniform 
thickness and within the following limits 
of thickness, exclusive of backing; 


Internal 
Diameter 
of Hose, 
in. 

Jackets 

' Lining Thick- 
'■ ness, in, "■ 

Mini- 

mum 

: Maxi- 
‘ mum 

IM and 2 

Single, and double.. ... 

0.049 

0.065 

2H 

Single, double and triple. . . 1 

0.058 

0.072 

3 

Double, and triple ..... 

0.058 

0.072 

3M 

Double, and triple .... 

0.072 

0.095 


(<f) Baching.— Tiht backing, if used, 
shall not exceed D.028-in. in thickness, 
as measured from the bottom of the 
corrugations. It need not be of the 
same composition as the rubber lining, 
but the adhesion between the backing 
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and the cotton jacket shall conform to 
the requirements specified in Section 8. 

Chemical Composition 

4. The rubber lining shall on chemical 
analysis conform to the following re- 
quirements as to chemical composition; 
ail percentages shall be calculated on 
the weight of the total compound: 


Organic acetone extract, max., per 

cent 4 

Alcoholic-potash extract, max., per 

cent 1 

Chloroform extract, max., per cent .... 2.25 

Ash (including carbon black), per cent . 50 to 57 
Total sulfur (excluding barytes), max., 

percent 3 

Free sulfur, max., per cent 1.25 


Tensile Properties at 60 Days 

5. (a) The tensile strength of the rub- 
ber lining shall not be less than 1600 psi. 
when tested within 60 days of the date of 
final vulcanization. 

(b) Elongation at Ruptiire,-~T]it elon- 
gation when rupture occurs in making 
the tensile strength test specified in 
Paragraph (a) shall be such that the 
original 2-in. gage length shall stretch 
to not less than 12 in. 

{c) Permanent Elongation , — The per- 
manent elongation or set, for tests made 
within 60 days, of samples cut trans- 
versely following a stretch from 2 to 
10 in. shall not exceed 25 per cent and 
shall not exceed 30 per cent for samples 
cut longitudinally. 

Tensile Properties at 1 Year 

6. (a) The tensile strength of the rub- 
ber lining shall not be. less than 1200 psi. 
when tested after 60 days and within 1 yr. 
of the date of final vulcanization. 

ib) Elongation at Rupture — Tht elon- 
gation when rupture occurs in making 
the tensile strength test specified in 
Paragraph (a) shall be such that the 


original 2-m. gage length' shaE ; stretch 
to not less than 10 in. 

{c) Permanent Elongation— per-- 
manent elongation or set j for tests made 
within 1 yr., of samples cut transversely 
following a stretch from 2 to 8 in. shall 
not exceed 25 per cent and shall not. 
exceed 30 per cent for samples cut lon^- 
tudinaily. 

Life Test 

7. After subjection to a dry heat of 
158 ± 2 F. (70 =h Lie.) for a period 
of four successive days of 24 hr. each and 
then placed in air at room temperature 
for 24 hr., the tensile strength of the rub- 
ber lining shall not be less than 900 psi. 

Friction Test 

8. The adhesion between the lining 
and the cotton jackets shall be such that 
the rate of separation of a l|-in. strip 
of lining from the jackets shall not be 
greater than 1 in. per min. under a 
weight of 12 lb. 

Hydrostatic Pressure Tests 

9. {a) Each length of single-jacketed 
hose shall be subjected to a hydrostatic 
pressure of 300 psi. for 5 sec, without 
leaking in the hose or at the couplings or 
breaking any threads in the jackets. 
Each length of double-, or triple-jacketed 
hose shall be subjected to a hydrostatic 
pressure of 400 psi. for 5 sec. without 
leaking in the hose or at the couplings, 
or breaking any threads in the jackets, 

{h) Elongation . — ^The elongation of 
the hose when tested as specified in 
Paragraph (a), shall not exceed 10 per 
cent of the length for single-jacketed 
hose, and 8 per cent for double- or triple- 
jacketed hose, measured from an initial 
pressure of 10 psi. 

{c)' Twist —Th.t hose, when tested as 
specified in Paragraph (a), shall not 
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twist more than shown in the following 
table: 


Internal 
Diameter of 
. Hose, in. , 

Jackets 

Twist, deg. 
per ft. 

11^ and 2- 

tH 

and 2 

2M. 3 and 

Single. ! 

SO 

• Single. ’ 

25 

Double 

29 

Double, and triple. 

12.5 



The twist requirements refer to the 
final twist, in a direction to tighten, 
rather than loosen the couplings. No 
final twist in a direction tending to loosen 
the coupling shall be permitted. 

(d) Warp and Rise , — The hose, when 
tested as specified in Paragraph (a), shall 
not warp more than 20 in. from a straight 
line drawn from center to center of the 
couplings. Single-jacketed hose shall 
not rise from the level of the test table 
more than indicated in the following 
table, and no rise shall be permitted for 
double and triple- jacketed hose: 


Internal 


Permissi- 

Diameter of 

Jackets 

ble Rise, 

Hose, in. 


in. 

m and 2 

Single 

7 

2H 

Single 

4 


Bursting Strength Tests 

10. A 3-ft. sample in every lot of 3000 
ft, or fraction thereof, of hose, shall 
stand without failure, while lying either 
straight or curved to a radius of 27 in., 
a hydrostatic pressure as indicated in 
the following table: 


Internal 


Required 

Diameter of 

Jackets 

Pressure, 

Hose, in. 


psi. 

2 and 2K 

Single 

500 

IH, 2 and 2M 

Double, and triple 

600 

SandSK 

Double, and triple 

600 


Kink Tests 

11. One full length in every lot of 500 
ft, or fraction thereof, of hose shall 
stand without failure, while kinked, a 
hydrostatic pressure as indicated in the 
following table: 


Internal 
Diameter of I 
Hose, in. 

. Jackets 

Required 

Pressure, 

psi. 

2 and 234i 
m and 2 

2H 

3 and 314 

Single ' 

300 

Double i 

350 

Double, and triple. i 

. 350 

Double, and triple 

250 



Place of Hydrostatic Tests 

12. All hydrostatic tests (Sections 9 to 
11, inclusive) shall be performed either 
at the factory or at the destination, at 
the discretion of the purchaser. Arrange- 
ments for such tests shall be subject to 
arrangement reached between the manu- 
facturer and the purchaser, at the time 
the order is placed. 

Diameter 

13. The hose shall have an internal 
diameter as shown by a tapered plug 
gage of not less than 1|, 2, 3, or 3-| in., 
as ordered. In the case of 2"|-in. hose, 
the internal diameter as measured in 
this manner shall not be less than 23 % in. 

Length 

14. The hose shall be furnished in 
nominal lengths of 50 ft. 

Flexibility 

15. The hose shall be flexible and 
easily coiled. 

Workmanship 

16. The character of the workman- 
ship shall be such as is incident to good 
manufacturing practice. 

Marking 

17. Beginning at a point not less than 
4 ft. from each end, each 50-ft. length of 
hose shall be stenciled at two places in 
indelible letters at least 1 in. in height 
with the name of the manufacturer and 
the month and year of manufacture. 

Sampling 

18. (a) A sample not less than 8 in. in 
length shall be taken from each lot of 
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1000 ft., or fraction thereof, of hose for 
the tests specified, in .Sections 5 to 8, 
inclusive. All test specimens should be 
cut transversely from the sample, when- 
ever possible. 

(b) A sample, not less than 4. in. in 
length shall be taken from each lot of 
3()CK) ft.j Or fraction thereof, of hose for the 
chemical analysis specified in Section 4. 

(c) Frequency of sampling for hydro- 
static tests shall follow the requirements 
given in Sections 9 to 11, inclusive. 

Methods of Testing 

19. All measurements and tests neces- 
sary to determine compliance with the 


specified requirements shall be made in 
accordance with the following method 
of the American Society for Testing Ma- 
terials, except as otherwise prescribed in 
these specifications: 

(a) Chemical Analysis —TmtdXivt 
Methods of Chemical Analysis of Rub- 
ber Products (A.S.T.M. Designation: 
D 297).3 

(b) Physical Tentative Meth- 

ods of Testing Rubber Hose (A.S.T.M. 
Designation: D 380).® 


® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 



Standard Methods of 
TESTING FLAT RUBBER BELTING* 



A.S.T.M. Designation: D 378 “ 41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 378; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the test 
procedure for evaluating the physical 
properties of the flat type of rubber 
belting which contains cotton duck rein- 
forcement. The term “rubber’’ as used 
in these methods includes synthetic com- 
pounds as well as compounds of natural 
rubber. Such belting includes the types 
used for transmission of power or con- 
veying and elevating material, and is 
classified as follows: 

Friction Surface Belt. — Possessing 
no distinct rubber cover other than 
that resulting from the rubber friction- 
ing process. 

Rubber Covered Possessing a 

distinct rubber cover extending over 
the outside and around the edges of 

the belt 

Fabric Surface Possessing at 

least one face of plain uncoated duck. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S,T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

* Prior to their present adoption as standard, these 
methods were published as tentative from 1933 to 1936. 
They were adopted in 1936, published as standard from 
1936 to 1938, but withdrawn and republished as tentative 
from 1938 to 1941, being revised in 1939 and 1940 


General Methods 

2. (a) Except as otherwise specified in 
these methods for rubber belting, the 
following methods of test of the Ameri- 
can Society for Testing Materials appli- 
cable in general to vulcanized rubber 
shall be complied with as required and 
are hereby made a part of these methods: 

General Physical Test Requirements. 
-—Standard Methods of Sample Prepa- 
ration for Physical Testing of Rubber 
Products (A.S.T.M. Designation: ' 
D 15).^ 

Tension Test. — Standard Methods 
of Tension Testing of Vulcanized 
Rubber (A.S.T.M. Designation: 

Dm)? 

Adhesion Test. — Standard Methods 
of Test for Adhesion of Vulcanized 
Rubber (Friction Test) (A.S.T.M. 
Designation: D 413).^ 

(6) In case of conflict between the 
provisions of these methods and those of 
detailed specifications or methods of test 
for a particular belt, the latter shall take 
precedence. 


* Appears in this publication^ see Contents in N umeric 
Sequence of A.S.T.M. Designations at front of book. 
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SampMag 

3, (a) Samples selected for purpose of 
tests shall be the full width and thickness 
of the belt and shall be of sufficient 
length to perform the desired tests. In 
general, the amount of sample required 
shall be as shown in Paragraph (5). 
The frequency of sampling for each size 
and type shall be one sample from each 
lot of 2000 ft. of belt or fraction thereof. 

(b) The following lengths of samples 
are recommended: 


Length of Length of 
Samjile when Sample when 
Tension Test Tension Test is 
Width of Belt, is Required, not Required, 

in. in. in. 

Under 8 .... 32 12 

8 to 18 26 8 

Over 18 22 6 


Measurements of Dimensions 

4. (a) Width. — The width shall be 
determined by laying across the belt a 
steel rule or tape graduated to sixteenths 
of an inch. The width shall be recorded 
in inches and fractions thereof to the 
nearest A" in. 

{h) Length. — In determining the 
length of a belt the measurement shall 
be made with a steel tape. The refer- 
ence marks shall be parallel and in the 
same plane. In determining the length 
of an endless belt the measurement shall 
be made on the inside surface using three 
or more reference marks. 

{c) Thickness of Belts and Covers . — 
The thickness of the belts and covers 
shall be determined by means of a mi- 
crometer graduated to thousandths of an 
inch, and having a presser foot 0.25 ± 
0.01 in. in diameter exerting a pressure 
of 3 =h 0.1 oz. on the test specimen. The 
pressure shall be applied by means of a 
weight. ; ' 

(d) Thickness of Covers.— Tht thick- 
ness of the top dr bottom cover shaU be 
the minimum thickness found on the 
test specimen prepared for the adhesion 
test and shall be determined as follows; 


The over-all thickness of the test speci- 
men shall first be measured. The rubber 
cover shall then be stripped from one 
surface and the thickness of the carcass, 
including the remaining cover, shall be 
measured. The difference between the 
first and second measurements will 
represent the thickness of the cover 
removed. The same procedure shall be 
followed on the test specimen from which 
the first cover has been removed, when 
the thickness of the other cover is 
required. When determining the cover 
thickness of a belt it is essential to have 
the specimen lie flat on the platform of 
the micrometer and the projecting ends 
must be properly supported to prevent 
tilting. The test specimen may consist 
of a small section cut from the belt. 

{e) Thickness of Cover when Tie Cloth 
is Used. — The thickness of the cover 
shall include the tie cloth. 

Test Conditions 

5. Tests shall be made wdthin a tem- 
perature range of 70 to 90 F. (21 to 
32 C.). The samples shall be kept at a 
temperature between these limits for at 
least 30 min. previous to the time of 
testing. The values obtained in deter- 
mining the physical properties under 
these methods will differ, depending upon 
the age of the samples; therefore, the 
test shall be made within a definite time 
limit which shall not exceed 60 days 
from receipt of the material by the 
purchaser. 

Number of Tests 

6. (a) When minimum requirements 
are established, one specimen shall be 
tested for each physical characteristic 
required in the detailed specifications 
for a particular belt. If the results do 
not meet the specified requirements, 
two additional specimens shall be pre- 
pared from the original sample and 
tested. Should the results of either of 
these tests be below the specified require- 
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ments, ' the material represented by the 
sample shall be considered to have failed 
to meet the specifications. 

(&) If minimum requirements are not 
established, at least three specimens 
shall be tested and the results averaged. 

Tension Tests of Rubbee Paets 

Apparatus 

7. (a) Testing Machine , — Tensile 
strength and elongation tests shall be 
made on apparatus accurate to within 
plus or minus 1 per cent and provided 
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Fig. 1.— Tensile Strength and Elongation Test 
Specimens. 

with an accurate device for indicating 
the actual maximum load at rupture. 
The preferred type of apparatus is a 
power-driven machine of the inclination 
balance or pendulum type, but a spring 
balance, accurately calibrated, may be 
used. 

{h) Grips for The grips for 

holding the test specimen shall be such 
that they tighten automatically, exert- 
ing a uniform pressure, proportional to 
the applied tension, across the full width 
of the enlarged end of the test specimen. 


The moving grip shall move at a con- 
stant speed of 20 in. per min. ■ 

Test Specimens 

8. (a) Tests for tensile strength and 
ultimate elongation shall be made only 
on rubber covers from which standard 
dumbbell-shaped specimens ' at least 
in. in thickness can be prepared. The 
test specimens shall be stamped from, 
the covers in a transverse direction, at 
right angles to the axis of the belt. 

(6) The rubber parts to be tested 
shall be separated from the rest of the 
belt without the use of gasoline, if 
possible. If it is necessary to employ 
gasoline to effect the separation, it shall 
be straight-run gasoline of the quality 
known as aviation grade and shall have 
the characteristics listed in the follow- 
ing table: 

Specific gravit;^ at 60/60 F.. 0.685 to 0.705 


Distillation limits: 

Initial boiling point — 100 to 120 F. 

10 per cent evaporated 128 to 143 F. 

20 per cent evaporated, 140 to 155 F. 

30 per cent evaporated 150 to 164 F. 

40 per cent evaporated 156 to 174 F. 

SO per cent evaporated 164 to 184 F. 

60 per cent evaporated 173 to 194 F. 

70 per cent evaporated. .... 182 to 207 F. 

80 per cent evaporated 193 to 223 F. 

90 per cent evaporated. .... 209 to 245 F, 

95 per cent evaporated 224 to 260 F, 

Dry.... 250 to 286 F. 

Recovery, min 97 per cent 


The gasoline shall contain no lead compounds 
and shall not leave an appreciable amount 
of oily residue when evaporated. 

After use of gasoline, the test specimen 
shall be allowed to rest, with frequent 
turning to permit free evaporation from 
all parts of its surface, at least 1 hr, 
before being tested. 

(g) Preparation of :Test" Specimen.— 
The test specimen shall be stamped out 
from the separated cover with a steel 
die conforming to Fig. 1, 4, or C. 
Die B shall be used when the size' of the 
sample and the tension and stretch limits 
of the testing machine permit, with 
exceptions as explained below. If the 
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tension limit is too low for the machine, 
die A shall be used. If the stretch is 
too high for the machine, die C shall 
be' used. Die Cahall also be used for 
samples which are too small for die A or 
B . The dies shall be kept sharp and free 
from nicks to a¥oid leaving ragged edges 
on the rubber. Cutting may be facili- 
tated by wetting the rubber surface and 
cutting edges of the die. The rubber 
shall be rested on a smooth, slightly 
yielding surface that will not injure 
the blade. Care shall be taken that the 
cut edges are perpendicular to the other 
surfaces of the specimen and have a 
minimum of concavity. 

(d) Buffing. — The specimen shall be 
buffed only to the extent necessary to 
remove surface corrugations, irregu- 
larities, or excess thickness and to insure 
smooth faces. BufSng shall be done 
without excessive heating and the test 
specimen shall be allowed to rest after 
buffing for at least 10 min. before being 
tested. 

{e) Marking. — Parallel gage lines 1 to 
2 in. apart, depending upon the die 
used, shall be marked on the test speci- 
men at right angles to the longitudinal 
axis by means of an accurate stamp or 
bench marker. Care shall be taken to 
make fine lines and to avoid injuring 
the specimen. 

if) Measurement of Test Specimen . — 
The thickness of the test specimen shall 
be the minimum thickness found be- 
tween the marks on the constricted 
portion, using the stand micrometer 
described in Section 4 (c) . The minimum 
thickness and width between the gage 
marks shall be taken in calculating the 
area to be used In determining the tensile 
strength of the specimen. 

(g) Numher of Test Specimens . — 
Three specimens per sample shall be 
tested for determinations of tensile 


strength, elongation, and stress-strain 
properties, except as noted in Section 6 
(a). Results on specimens which break 
outside of the straight reduced section 
or which are found to be imperfect shall 
be discarded and retests shall be made. 
In case the ultimate tensile strengths 
fail to check within 10 per cent of the 
highest value obtained, additional speci- 
mens shall be tested until two or more 
such check results are obtained. The 
final values shall be the averages of the 
check tests, discarding the determina- 
tions on specimens which are outside of 
the above limits. 

Procedure 

9. (a) The test specimen shall be 
placed in the jaws. The jaws shall be 
separated at the specified rate of speed 
until rupture takes place. The distance 
between the centers of the gage marks 
noted at the instant of rupture shall be 
measured, using a rule or tape graduated 
to eighths of an inch or smaller divisions. 

(5) Tensile Strength. — The tensile 
strength in pounds per square inch shall 
be calculated from the breaking load 
indicated by the machine .and the 
original cross-sectional dimensions of 
the test specimen (Section 8 (/)). 

{c) Elongation.— Tht elongation shall 
be the difference between the original 
gage length and the total distance be- 
tween the gage marks at the time of 
rupture as measured in Paragraph (a) 
and shall be expressed as a percentage of 
the original gage length. 

Oil Immersion Tests ^ 

Purpose 

10. These oil immersion tests are in- 
tended for use only on rubber covers of 
belts that are being evaluated for service 
in which they come into contact with 
oils as, for example, conveyor belts 
handling oiled, dustless coal. 
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Apparatus 

11. The immersion apparatus shall 
consist of a glass container fitted tightly 
with a cork stopper, and an efficient 
reflux condenser. A glass test tube 
having an outside diameter of 38 mm. 
and an over-all length of 300 mm. may 
be employed. Use of a thermostatically 
controlled liquid bath is recommended 
for beating tlxe apparatus. 

Solvent 

12. The solvent shall be a neutral, 
pale, paraffin-base oil. The oil shall be 
yellow in color with blue fluorescence, 
free from turbidity, and shall conform 
to the following requirements: 

A.S.T.M. 

Desig- Mini- Maxi- 
Test nation® mum mum 

Specific gravity, per cent , . „ 0.878 0.882 

Flash point, deg. Fahr. ... D 92 330 340 

Saybolt Universal Viscos- 
ity at 122 F., sec D 88 61 66 


® These designations refer to the following methods of 
the American Society for Testing Materials; 

Standard Method of Test for Flash and Fire Points 
by Means of Open Cup (A.S.T.M. Designation: D 92), < and 

Standard Method of Test for Viscosity by Means of 
the Saybolt Viscosimeter ( A. S.T.M. Designation: D 88).-* 

Test Specimens 

13. (a) Tests for tensile strength, 
ultimate elongation, and increase in 
volume (swelling) shall be made only 
on the rubber covers from which stand- 
ard dumbbell test specimens at least 

in. in thickness can be prepared. 
Test specimens shall be prepared in 
accordance with the procedure described 
in Section 8. 

(b) For the determination of changes 
in volume, rectangular test specimens 
having dimensions 1 by 2 by 0.075 in. 
shall be used. 

Changes in Tensile Strength and 

Elongation 

14. Three specimens shall be tested 
for tensile strength and elongation in 
accordance with the procedure described 


in Section 9, and the results averaged^ to 
give the properties of the rubber before 
immersion. Three additional specimens 
shall be placed in the immersion appa- 
ratus and completely surrounded by the 
solvent. ' With the reflux condenser in 
place, the apparatus containing the 
specimens shall be maintained at a 
temperature of 200 ± 2 F. (93 ±1 G.), 
for a period of 48 hr. At the end of this 
period, the specimens shall be removed, 
dipped once in acetone at room tem- 
perature, and blotted lightly with filter 
paper. The specimens shall then be 
suspended or placed on a screen and 
allowed to dry at room temperature in 
air protected from drafts for 4 hr., after 
which the tensile strength and elonga- 
tion after immersion shall be determined 
as described in Section 9, except that 
the measurements for cross-sectional 
area and test length between gage marks 
shall be taken after immersion and 
drying. 

Increase in Volume (Swelling) 

15. The initial water displacement of 
the specimen shall be determined by 
weighing it in air to the nearest milligram 
(Wi) and in distilled water at room 
temperature (IT 2 ), the difference being 
the weight of the water displaced by the 
specimen. The specimen shall then be 
dipped quickly into SDA-2B alcohol, 
blotted dry with filter paper, and placed 
in the immersion apparatus. Then 100 
ml. of the solvent shall be added, and, 
with the reflux condenser in place, the 
apparatus containing the specimen shall 
be maintained at a temperature of 200 
db 2 F, (93 ± 1 C.) for a period of 48 hr. 
At the end of the required length of im- 
mersion time, the specimen shall be 
removed and cooled to room temperature 
by being transferred to a cool, clean 
portion of the test liquid. It shall then 
be dipped quickly into SD A-2B alcohol 


n946 Book of A.S.T.M. Standards, Part III-A. 
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at ' room temperature, blotted lightly 
with filter, paper, placed in a tared 
weighing bottle, and weighed (IF3). It 
shall next be removed from the bottle 
and weighed in distilled water (W^), in 
immediate consecutive procedure, to 
determine the water displacement after 
test. It is important that all air bubbles 
clinging to the test specimens be removed 
during the weighing in distilled water. 
When data is desired on the progressive 
changes occurring with increasing time 
of immersion, the test specimen shall 
be immediately removed from the water 
after making this determination, dipped 
quickly into SDA“2B alcohol at room 
temperature, blotted lightly with filter 
paper to remove the water and alcohol, 
and replaced in the test liquid with the 
least possible lapse of time. 

Calculations 

16. (a) Changes in Tensile Strength 
and Elongation . — The deterioration in 
tensile strength and ultimate elongation 
as shown by the difference between the 
determinations before and after immer- 
sion shall be calculated as a percentage 
of the original property. 

(J) Increase in Volume . — The increase 
in volume shall be calculated as follows: 

Percentage increase in volume = 

{Wz - Wd - {Wx - IT 2 ) 

{W,--W2) 

where: 

IFi = initial weight of specimen in 
air, 

JFs = initial weight of specimen in 
water, 

Wz = weight of specimen in air after 
the immersion test, and 

PF 4 = weight of specimen in water 
after the immersion test. 


Adhesion Tests 
Test Specimens 

17. The adhesion test specimens shall 
be prepared by accurately cutting a 
strip 1 in. in width longitudinahy of the 
test sample from belts under 8 in. in 
width, and transversely from belts 8 in. 
and over in width, using a sharp tool 
which will leave clean-cut edges. The 
test specimen shall be at least 6 in, in 
length. The various plies shall be 
separated at one end of the test speci- 
men a sufiBicient distance to permit at- 
taching the jaws of the testing clamp. 

Procedure 

18. (a) The adhesion between plies 
shall be determined by the dead weight 
method, that is, through the application 
of a specified or known weight on succes- 
sive plies of a specimen 1 in. in width 
in such a manner as to cause separation. 
Adhesion shall be expressed numerically 
as the average rate of separation in 
inches per minute. 

(b) The test specimen shall be sus- 
pended by the separated end, all plies 
of which except the one under test shall 
be clamped in the jaws of the testing 
clamp. A minimum weight sufficient 
to maintain the test specimen in ap- 
proximately a vertical position shall be 
attached to its lower end. The first 
ply shall have the specified weight at- 
tached to the separated end with suit- 
able provision for supporting and re- 
leasing it slowly without jerking. A 
mark shall be placed on the line of 
separation at the beginning and at the 
end of the test. After the weight is 
removed at the end of the test, the 
distance between the marks shall be 
measured. The rate of separation shall 
be determined by observing the dura- 
tion of the test with a stop watch or a 
Watch having a second hand, and by 
measuring, after the weight has been 
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removed, the length stripped between 
the marks placed at the beginning and 
end of the test on the portion other than 
that stripped. Under these conditions 
the rate of separation shall not exceed 
:.,1 in. permim 

(r) The test shall be continued on the 
successive plies by releasing the sepa- 
rated end of each from the stationary 
clamp and reattaching the specified 
weight. This procedure shall be fol- 
lowed until two plies only remain within 
the grip of the stationary clamp. No 
tests shall be made between the last 
two plies of the test specimen (Note). 
When tests are desired on these plies, a 
second specimen shall be prepared and 
shall be tested, starting from the op- 
posite side in accordance with the pro- 
cedure described in Paragraphs {a) 
and (6). 

Note: The last two plies are omitted from 
the test because sufficient rigidity cannot be 
maintained at the point of separation to obtain 
the approximate condition of separation in a 
vertical plane. 

(d) The adhesion between the rubber 
covers and the body of the belt shall be 
determined on the test specimen pre- 
pared for ply adhesion except that no 
tests for cover adhesion shall be made 
on rubber covers less than ih in. in 
thickness. The procedure shall be the 
same as that described for ply adhesion 
in Paragraphs (a) and (b). 

(e) On rubber-covered belting con- 
structed with a tie cloth or breaker 
fabric between the outside ply and cover, 
the adhesion between the body of the 
belt and covering including the tie 
cloth, or between the tie cloth and 
adjacent rubber cover shall be deter- 
mined on separate test specimens in 
accordance with the procedure de- 
scribed in Paragraph (J). 


Beading Tesi*'^ 

Procedure 

,19. The beading in all friction-surface 
belting 4 in. in width or over shall he 
tested as follows: A 4-in. transverse 
section of belting, shall be, taken and 
beginning, on the seamless side, the 
plies shall be removed until three plies 
only remain intact. A line „ shall be. 
drawn down the middle of the 'beading 
and then on each side of this line, and 
I in. distant from it, two parallel lines 
shall be scribed. The section shall be 
inserted in a vise so that the jaws grip 
the specimen coincident with the two 
outer lines. The vise shall be tightened 
until the inner surfaces of the doubled 
specimens just touch at the top of the 
vise, and the specimen shall be held in 
this position for 10 min. Under this 
test the beading shall not crack or 
loosen in the seam. 

Tension Tests of Belting 
Apparatus 

20. The specimens shall be tested 
in a suitable vertical testing machine 
equipped with wedge-shaped jaws. The 
base of the jaws shall be at right angles 
to the longitudinal center of the test 
specimen when correctly placed in the 
jaws. The base surfaces of the two 
edges of each set of jaws shall be in the 
same horizontal plane and adequate 
means shall be provided to lock the two 
halves of the jaws so that they will 
travel togeliier in parallelism. Means 
shall be provided to hold the jaws in 
convenient position for corre<ptly in- 
serting the test specimen as well as to 
loosen them after each test. The heads 
of the testing machine shall be con-, 
structed .to provide, .rigid /..support, for 

^ 5 The beading is considered by many rubber technol- 
ogists as having no relation to the service value of belting, 
except for some specialised requirement. The beading 
test IS, therefore, not recommenaed for general use. 
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the jaws. The inner surfaces of the 
wedge-shaped slots shall be machined 
to within O.OOS in. of a true plane. The 
included angle of' the two sides shall be 
from 17.5 to 22 deg. and this angle 
must be identical with that of the jaws. 

Test Specimens 

21. For belting up to 5 in. in width, 
inclusive, a longitudinal tension test 
specimen 20 in. in length and the full 
width of the belt shall be cut from the 
sample. For belting between 5 and 6 
in. in width, | in. shall be removed from 
each edge. For belting 6 in. and over 
in width the test specimen shall be 20 
in. in length and 5 in. in width, and the 
edges of the specimen shall be cut parallel 
to and at least f in. from the edges of 
the belt. The thickness of the test 
specimen shall not exceed 4 plies. Ex- 
cess plies shall be removed by stripping, 
removing them alternately from each 
face. When testing rubber-covered 
belts, rubber covers in. and over in 
thickness shall be stripped from the test 
specimen. 

Procedure 

22. (a) Tensile Strength . — The grooves 
and gripping surfaces of the jaws shall 
be cleaned and the edge surfaces and 
backs shall be well lubricated and kept 
free of any foreign matter. Slippage 
may be prevented by the use of coarse 
emery cloth which shall be inserted 
between the corrugations of the jaws 
and the test specimen, with the rough 
side toward the specimen, and this 
cloth shall be renewed frequently. 
Great care must be used to prevent the 
loose particles of grit which fall from 
the emery cloth from lodging upon any 
of the pressure surfaces during the test. 
The test specimen shall be tested in the 
machine described in Section 20. Care 
shall be taken to place the specimen 
squarely in the jaws of the machine. 


The jaws shall be 12 in. apart when.: the 
test specimen is inserted and the rate 
of separation shall be between f and 
2 in. per min., inclusive. Test speci- 
mens that break in the jaws or that, 
upon examination, are found to be im- 
perfect shall be discarded, and retests 
shall be made unless the results obtained 
in the first test exceed minimum values 
that may be required by detailed speci- 
fications. From the breaking strength 
thus determined, the tensile strength of 
the belt per inch of width per ply shall 
be calculated and reported. 

(6) Elongation . — The elongation, 
when required, shall be taken during 
the performance of the tensile strength 
test. For this purpose, parallel refer- 
ence lines 8 in. apart shall be marked 
across the middle of the test specimen 
at right angles to the longitudinal axis. 
The elongation shall be determined by 
means of a steel scale or suitable ex- 
tensometer. When an extensometer is 
used, it shall be pinned or held on the 
specimen with the points on the 8-in. 
reference lines and the scale set at zero. 
The load shall then be applied at the 
specified rate of speed and the elongation 
at the breaking point shall be noted. 

{c) Stress-Strain . — If the stress-strain 
characteristics of the belt are desired, 
they may be obtained simultaneously 
with the tensile strength determination. 
In this case, elongation readings of the 
steel scale or extensometer shall be 
taken at intermediate points. The total 
load on the belt and the percentage 
elongation for each increment increase 
in load per inch per ply shall be reported 
as well as the total load and perGentage 
elongation at failure. 

Insfection and Rejection 
I nspection 

23. (a) All tests and inspection shall 
be made at the place of manufacture 



332 ' 


Tests . fOR Rubber Belting (D 378 - 41) 


prior to shipment, unless otherwise 
specified. The manufacturer shall af- 
ford the inspector, without charge, all 
reasonable facilities to test and inspect 
the belting. 

(&) The purchaser may make the 
tests and inspection to govern the ac- 
ceptance or rejection of the material in 
his own laboratory or elsewhere. Such 
tests and inspection shall be made at the 
expense of the purchaser, not later than 
60 days after receipt of the material. 


Retests and Rejection 

24. (a). Any material which fails in 
one or more tests may be resampled and 
retested at the expense of the manu- 
facturer. .For this purpose two addi- 
tional samples shall be selected from the 
belt for the test which failed to meet the 
requirements. Failure of ’ either of the 
retested samples shall be cause for final 
rejection. 

(b) Rejected material shall be disposed 
of as directed by the manufacturer and 
at his expense. 



APPEOTOD AS 
AMEEICAH STAND AED 

BY THE "'AMERICAN STANDARDS ASSOCIATION 
ASA NO.: C59.12-1942 


Standard Specifications fior 
ELECTRICAL GLOVES^ 

VOLTAGE RATING OF GLOVES. 3000 VOLTS^ 

A.S.T.M, Designation B 120 -40 
Adopted, 1940A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 120; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope 

1. These specifications cover electrical 
workers’ rubber gloves of two classes, 
as follows : 

Class A, — Gloves intended for use 
without external protection. 

Class B. — Gloves intended for use 
with external protection of leather or 
other material 

Manufacture 

2. The gloves shall be made by the 
“dipping” or other seamless process, of 
high grade rubber or rubber compound 
properly vulcanized. Unless otherwise 
specified, cuff edges shall be finished with 
a roll or a reinforcing strip of rubber. 

Electrical Properties 

3. (a) Voltage and Leakage Tests — 
Each glove shall withstand an alternat- 

^ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-11 on Rubber and Rubber-Like 
Materials. 

2 Voltage stress through wall of glove limited to 3000 v, 

3 Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1923, being re- 
vised in 1922. They were adopted in 1923, published as 
standard from 1923 to 1937, but withdrawn and repub- 
lished as tentative from 1937 to 1940, Title editorially 
revised in 1941. 


ing potential of 10,000 v. (r.m.s. value) 
for 3 min. At 60 cycles the leakage 
current shall not exceed 10 ma. (total 
current) at any time during the test. 
If tested at any other frequency {po 
cycles) the permissible current leakage 
Qx) may be determined by the following 
formula: 


60 cycles 

{h) Dielectric Strength. — Each glove 
shall be capable of withstanding the 
application of the following voltage 
(r.m.s. value) for 1 min., at 60 cycles, 
without showing a leakage current in 
excess of that given in the following: 

Leakage 


Current, max.. 
Volts Miliiamperes 

Class A 16 000 IS 

Class B 14 000 14 


Physical Properties, as Received 

4. A test specimen cut from any glove 
shall conform to the following require- 
ments as to physical properties: 

(a) Tensile Strength.— The tensile 

strength shall be not less than 1800 psi. 
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(b) ElongaHon—Tlie total elongation 
in 1 in. at rupture shall be not less than 
600 per cent (i in. stretched to 7 in.). 

(c) Setr— The set in 1 in. following an 
elongation of 500 per cent (1 in. stretched 
to 6 in.) shall not exceed 0.25 in. 

Piiysical Properties, After Aging 

5. {a) After being subjected to a tem- 
perature of 158 ± 2 F. (70 ± 1C.) in cir- 
culating air for 7 days, the tensile strength 
and elongation shall be not less than 80 
per cent of the original. 

(b) After being subjected to a tem- 
perature of 158 db 2 F. (70 dz 1 C.) in 
oxygen at a pressure of 300 psi. for 4 
days, the tensile strength and elongation 
shall be not less than 80 per cent of the 
original. 

Size and Length 

6. (a) Size . — Size shall be expressed 
in inches as measured around the palm 
at the base of the knuckles. The per- 
missible variation in size shall be plus 
or minus I in. 

(b) Length— Length shall be ex- 
pressed in inches as measured from the 
tip of the second finger to the edge of 
the cuff. Unless otherwise specified, the 
length shall be 14 in. The permissible 
variation in length shall be plus or 
minus I in. 

Thickness , 


7. The respective thicknesses of the 
two classes of gloves in inches shall be 
within the following limits: 



Part of Glove 

1 other 

than Crotch 

Crotch 

Maxi- 

mum 

•Mini- 

mum 

Maxi- 

mum 

Mini- 

mum 

Class A 

Q.06S 
0.050 I 

o.oso 

0.035 

0.06S i 
0.050 i 

0.038 

0.026 

Class B 



Workmanship and Finish 

8. Gloves shall be free from patches, 


blisters, pinholes, cracks, protuberances, 
imbedded foreign matter, or other physi- 
cal defects which can be 'detected by 
thorough surface inspection.' 

Marking 

9. Unless otherwise, specified each 
glove. shall be m,a,rked with the name of 
the manufacturer and the size of glove. 
Such marking shall be confined to the 
back of the glove and shall be so done as 
not to injure the glove. Indelible and 
nonconducting ink shall be used. 

Packing 

10. Each pair of gloves shall be packed, 
in an individual stiff paper box of suffi- 
cient strength to properly protect the 
gloves. The end of the box shall be 
marked with the gove size and in the 
case of class .B gloves with the words 
'‘For use with Protectors.’^ 

Guarantee 

11. The manufacturer shall replace, 
without charge to the purchaser, gloves 
which, at any time within a period of 
8 months from, the date of initial test, 
fail to pass the tests prescribed in these 
specifications; provided the gloves have 
been properly stored in their original 
boxes. 

Note. — “Proper storage” is to be inter- 
preted to mean that gloves are not to be stored 
directly above or in proximity to steam radiators 
or other sources of artilidal heat. It is desir- 
able that the ambient temperature shall not 
exceed 90 F. (32 C). 

Inspection 

12. Inspection and test, unless other- 
wise specified, shall be made within two 
weeks of receipt of the material by the 
purchaser at his ' own expense at such 
place as he may designate. 

Rejection 

13. (a) Each gk)ve that fails to meet 
the requirements prescribed in Section 
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Fig. 2.— Dial Micrometer. 


lied, rejection is optional with the 
purchaser. 

(c) If rejections under Paragraphs {a) 
and (&) exceed 25 per cent of the ship- 
ment, the entire shipment may be re- 
jected without further tests. 

(d) If 25 per cent or more of the gloves 
subjected to the test prescribed in Sec- 
tion 3 (&) fail to pass the test, the entire 
shipment, shall be rejectedt' 

(e) If the average of the results for 
either the tensile strength, elongation, or 
set tests made as prescribed in Section 


Methods or Testing 
Order of Testing 

15. The order of procedure in testing 
rubber gloves shall be preferably be as 
follows d 

. (a) Inspection of inside and outside 
surfaces (Section 8), 

(5) Measurement of length (Section 

(c) Measurement of size (Section 6 

(J) Measurement of thickness (Sec- 
tion 7), 

(e) Voltage and leakage tests (Sec- 
tion 3 (a)), 

4 This procedure has been found by experience to 
minimize the expense of the inspection and testing par- 
ticularly where an appreciable number of gloves faU to 
meet the requirements as to workmanship or dimensions. 


Specific AT iONs,' fof' ’Ktis.CTmCAV Gloves (I), , 120 “ 40) 


3 (a) and (b) or Section 8 shall be re- 
j.ected,. ' Rejection of gloves failing to. 
meet the requirements of Section 6, 9, or 
10 is optional with the purchaser. 

(&) If any of the measurements of 
thickness made as prescribed in Section 
16, or any additional measurements 
which the purchaser may elect to make, 
fall below . .the minimum thicknesses 
specified in Section 7, the glove shall be 
rejected. If any of the measurements 
exceed the maximum thicknesses 


20 fail to meet the requirements of Sec- 
tions 4 and 5, the entire ■ shipment shall 
be rejected. 


Marking Rejected Gloves 


14. Ail rejected material shall be 're- 
turned to the manufacturer without 
being defaced by rubber stamp or other 
permanent marking, except in gloves 
which have been punctured on electrical 
tests. These shall be stamped, punched, 
or cut to indicate that they are unfit for 
use.' ' 
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if) Dielectric strength test (Section 3 
(5)) 5 and 

ig) Physical properties (Section 4), 

Thickness, Measurements 

16. (a) Apparatus . — The thickness 
measurements shall be made with any 
micrometer graduated to mils or tenths 
of mils, having a ratchet friction or spring 
attachment. The tension on the fric- 
tion attachment shall be so adjusted 
that, when the spindle has come to a 
stop, the specimen can be moved between 
the spindle and anvil without causing 
any appreciable stretching of the rubber. 
Dial-type micrometers graduated to mils 
and mounted in a manner similar to that 
shown in Figs. 1 and 2 are particularly 
convenient for making all of these meas- 
urements. In both cases the anvil is 
about J in (6.4 mm.) in diameter and the 
foot of the spindle about | in. (3.2 mm.) 
in diameter. 

(J) Procedure . — The thickness of each 
glove shall be measured at not less than 
four points on the face and four points 
on the back. Measurements shall be 
made at one or more points in the crotch 
of the thumb and index finger and in the 
crotches between the fingers. 

Electrical Tests 
Voltage and Leakage Tests 

17. {a) Each glove shall be tested for 
voltage and leakage current in fresh 
water at normal room temperature (60 
to 90 F. (15 to 32 C.)) by immersing it 
in the water to within about IJ to 2 in. 
of the edge of the cufi and filling the glove 
with water up to the same point. The 
water inside the glove and that outside 
the glove form the test electrodes. 
These shall be conveniently connected to 
testing transformer by means of a 
chain suspended in the glove and by 
direct connection to the containing 
vessel. 


{b) Source of Test Voltage.— The test- 
ing voltage shall be obtained from a 
testing equipment which shall be capable 
of delivering not less than kva. for 
each glove tested but in no case shall the 
rating of the testing transformer be less 
than 2 kva. The frequency of the test- 
ing voltage shall be not more than 65 
cycles. 

(c) Application of Test Voltage. — The 
potential shall be applied at a low value 
and gradually and steadily raised at a 
rate of approximately 1000 v. per sec. 
until the prescribed testing voltage is 
reached. The test period shall be 
counted from the instant when the pre- 
scribed testing voltage is reached. 

(d) Voltage Regulation. — The method 
of regulating the test voltage shall be 
such that the wave shape of the voltage 
produced does not have a deviation 
factor (Note) larger than 10 per cent. 
Acceptable methods of voltage regula- 
tion include the following: 

(1) Field regulation of the alterna- 
tor supplying the transformer, 

(2) Induction-type regulator, and 

(3) Variable-ratio-transformer type 
of regulator. 

Note. — ^T he deviation factor of a wave® is 
the ratio of the maximum difference between 
corresponding ordinates of the w^ave and of the 
equivalent sine wave to the maximum ordinate 
of the equivalent sine wave when the waves 
are superposed in such a way as to make this 
maximum difference as small as possible. 

(e) Voltage Measurement. — The test- 
ing voltage shall be measured by one of 
the following methods: 

(7) A calibrated potential trans- 
former with a voltmeter. 

{2) Any properly calibrated com- 
mercial type of alternating-current 
voltmeter connected to the low-ten- 
sion side of the transformer in conjunc- 
tion with the ratio of transformation 

Standard No. 7, Alternators, Synchronous Motors 
and _ Synchronous Machines in General, Par. 7 - 650 
Deviation Factor of Wave Defined, Am. Inst- Electrical 
Engrs., December, 1927. 
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of the transformer provided that the 

ratio is definitely known for all test 

conditions. 

(/) Leakage Current Measurement . — 
The leakage current shall be measured 
directly by inserting a miiliammeter in 
series with each individual glove in turn. 

Note.— -It is customary to make high voltage 
tests of this character with one end of the 
circuit grounded, the containing vessel usually 
being the grounded end of the circuit. The 
millammeter should therefore be connected in 
at the grounded end of the circuit and shunted 
by a short-circuiting automatic self-closing 
switch which will therefore always keep the 
circuit closed except at the instant of reading 
and thus maintain an uninterrupted ground. 

Dielectric Strength Tests 

18. (a) Not less than ten per cent of 
the gloves which have passed all of the 
tests previously prescribed in these speci- 
fications shall be selected at random and 
tested for compliance with Section 3 (b ) . 

(b) One per cent of the gloves (in no 
case less than two gloves) which have 
passed all the tests previously prescribed 
in these specifications shall be selected 
at random and tested for ultimate di- 
electric strength. The test shall be made 
in accordance with the general method 
described in Section 17. 

The potential shall be raised steadily 
and gradually at a rate of approximately 
1000 V. per sec. until failure occurs, the 
voltage at failure being recorded. 

Physical Tests 
Test Specimens 

19. Four or more test specimens shall 
be cut from each glove tested under 
Section 18 (J) . The shape of these speci- 
mens shall be in substantial accord with 
that prescribed in the Standard Methods 
of Tension Testing of Vulcanized Rubbet 
(A,S.T.M. Designation D412) of the 


American Society for Testing Materials.® 
The essential dimensions of this specimen 
are as follows: Total length, 4| in. ; 
width, 1 in. with a reduced section at 
the center, J in. in width and about I in. 
in length, with a radius of curvature 
between the ends and the reduced sec- 
tion of 3 ^' in. 

Tensile Strength, Elongation, ■ and Set 
Tests 

20. The tests for tensile strength, elon- 
gation, and set shall be made in accord- 
ance with the Standard Methods D 412,® 
The essential features of these methods 
are as follows: 

(7) Temperature of testing room 
and of specimens, between 70 and 
90 F. 

{2) Rate of separation of jaws of 
testing machine, 20 in. per min. 

(3) Tensile strength and elongation 
shall be made on one specimen, and set 
test on a separate specimen. 

(4) Set test shall be made by 
stretching the 1-in. gage length to 6 
in., holding for 10 min,, and measuring 
the distance between the gage marks 
10 min. after release. 

Accelerated Aging Tests 

21. The tests for accelerated aging of 
the rubber compound shall be made in 
accordance with the Standard Method 
of Test for Accelerated Aging of Vul- 
canized Rubber by the Oxygen-Pressure 
Method (A.S.T.M. Designation: D 572)® 
and the Standard Method of Test for 
Accelerated Aging of Vulcanized Rubber 
by the Oven Method (A.S.T.M. Designa- 
tion: D 573)®of the American Society for 
Testing Materials. 


6 Appears in this publication^ see Contents in Numeric 
Sequence of A. S .T M. Designations at front of book. 
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Standard Specifications for 

RUBBER MATTING FOR USE AROUND ELECTRIC 

APPARATUS^ 

VOLTAGE RATING OF MATTING, 3000 VOLTS 



A.S.T.M. Designation: D 178 - 24 
Adopted, 1924.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 178; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover rubber 
matting for use as a floor covering near 
electric apparatus. 

Manufacture 

2. The matting shall consist of a 
rubber compound corrugated on one 
surface and backed with cotton fabric, 
or having one or more cotton fabric in- 
serts, the back of the matting being 
finished with cloth imprint. 

Electrical Properties 

3. (a) Voltage TesL—Tht entire area 
of the matting as nearly as practicable 
shall be tested between electrodes con- 
sisting of rectangular metal sheets having 
smoothly rounded edges and corners, of 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of .the 
A.S.T.M. Committee D-ll on Rubber and Rubber-Like 
Materials. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1923 to 1924. Editorially 
revised and rearranged in 1939. 


any convenient length, and a width such 
that arcing around the edges of the 
matting will not occur, the tests being 
made progressively until the entire 
length of the matting has been covered. 
A potential of 15,000 v. shall be applied 
for 1 min. at each position of the elec- 
trodes. ■ The matting shall not puncture, 
become appreciably warm at any spot, or 
show any other sign of weakness. 

(i) Dielectric Strength , — The matting 
shall not fail at less than 40,000 v. 
when tested in air between 2-in. disk 
electrodes with edges rounded to a radius 
of I in., the voltage being applied to 
failure at the rate specified in Sec- 
tion 10 (J). 

Physical Properties 

4. (a) Tensile Strength ,' — The tensile 
strength shall be not less than 700 psi. 

(5) Elongation,— TM total elongation 
in 2 in. at rupture shall be not less than 
250 per cent (2 in. stretched to 7 in.). 

(c) Set,— The set in 2 in. following an 
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elongation of 150 per cent (2 in. stretched 
to 5 in.) shall not exceed 0.50 in. 

.TMckness^ . ; 

5. The thickness, unless otherwise 
specified, shall be not less than J in. 
when measured over the corrugations 
and not less than | in. at the root of 
the corrugations. 

Workmanship and Finish 

6. Matting shall be free from patches, 
blisters, pin-holes, cracks, protuberances, 
embedded foreign matter, or other 
physical defects which can be detected 
by thorough surface inspection. 

Inspection 

7. The matting shall be inspected and 
tested within four^Veeks of the date of 
delivery. 

Rejection 

8. "‘(^) Any piece or roll of matting 
which fails to pass any of the require- 
ments of these specifications shall be 
rejected. 

(J) In case of failure to pass any one 
of the tests specified in Sections 3 (5) 
and 4, the piece or roll of matting rep- 
resented by the sample subjected to these 
tests shall be rejected. 

Sampling and Methods of Testing 
Sampling 

9. Not less than one sample shall be 
taken from each piece or roll of matting 
and subjected to the tests specified. 

Electrical Test 

10. (a) Apparatus , — The test voltage 
shall be obtained from a testing equip- 
ment, no part of which has a capacity of 
less than | kva. per sq. ft. of electrode 
surface. In no case shall the rating of 
any part of the testing apparatus be 


less than 5 kva. The frequency of the 
test, voltage shall be not more than ^65 

cycles. 

{b) Application of Test VoUage.—Thp,^ 
potential shall be applied at a low value 
and gradually . and steadily raised at a 
rate of approximately 800 to lOOO v. per 
sec, until, the prescribed test voltage is. 
reached. The test period shall be 
counted from the instant when the pre- 
scribed test voltage is reached. 

(c) Voltage Regtilation,—~Tht method 
of regulation shall be one which does not 
distort the wave form of the test voltage 
from a sine wave. Acceptable methods 
include: 

(i) Field regulation of the alterna- 
tor supplying the transformer, 

(3) Induction type regulator, 

(3) Variable-ratio-transformer type 
of regulator, and 

iff) Potentiometer t3q)e of rheo- 
static control where the current in the 
portion of the potentiometer resistance 
in parallel with the primary of the 
transformer is at least five times the 
exciting current of the transformer. 

{d) Voltage Measurement . — The test 
voltage shall be measured by one of the 
following methods: 

(i) A calibrated potential trans- 
former with a voltmeter, 

(3) Any properly calibrated com- 
mercial type of alternating-current 
voltmeter connected to the low tension 
side of the transformer, in conjunction 
with the ratio of transformation of the 
transformer, provided that the ratio 
is definitely known for all test con- 
ditions, or 

(3) A properly calibrated electro- 
static voltmeter connected directly 
across the matting under test. 

Methods of Physical Testing 

11. The tests for determining the 
physical properties specified shall be 
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made on the rubber exclusive of fabric 
and in accordance with the Standard 
Methods of Tension Testing of Vul- 
canized Rubber (A.S.TM. Designation: 


D412) of the American Society for 
Testing Materials.® 

n publication, see Contents in Num.iric 
Sequence of A.S.T.M. Designations at front of book, 



STANDARD SPECIFICATIONS AND METHODS OF TEST 


FOR 

COTTON GOODS FOR RUBBER AND PYROXYLIN 

COATING^ 



AoS.T.M. Designation: D 334 - 40 
Adopted, 1934; Revised, 1940 ^ 

Reapproved in 1946 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 334; the final number indicates the year of original 
adoption as standard or, in th^ case of revision, the year of last revision. 


Scope 

1. These specifications and methods 
of test apply to cotton goods for use in 
the rubber and pyroxylin coating 
industry. 

Quality 

2. The goods shall be made of cotton 
thoroughly cleaned and carded, free 
from waste, and shall be of good com- 
mercial quality, evenly woven. 

Defects 

3. Cotton goods purchased under 
these specifications will be used in the 
manufacture of coated fabrics and the 
seller, in the manufacture and inspection 
of these goods, shall endeavor to meet 
the requirements of this industry. All 
fabrics shall be inspected and burled on 
both sides. Certain defects shall be 
classed as major defects and shall liot 

s Under the standardization procedure of the Society, 
these specifications are tinder the jurisdiction of the 
A.S.T.M. Cotomittce D-13 on Textile Materials. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1931 to 1934. 


occur in a roll on an average of more 
than one defect to every IS yd, A 
minimum allowance of | yd. will be 
made for each major defect. The fol- 
lowing defects are classified as major 
defects: 

Smash Heavy filling 

Washed out oil spots Shuttle mark 

Starchy places Heavy warp 

Group float Kinky filling 

Two contiguous filling threads missing 

Note, — These defects are probably not all 
which should be listed so that this list is subject 
to change by common agreement. Also, one 
major defect on the average of every 15 yd. 
does not represent the quality desired but has 
been suggested as a fair basis both to manufac- 
turer and to consumer. The aim of the manu- 
facturer will be so to improve their quality that 
this average yardage between defects may be in- 
creased. 

The following shall not be present in 
goods furnished under these specifi- 
cations: 

Oil spots 
Holes 

Tom selvage 
Warp streaks 
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Selvage 

:4. Selvages of these fabrics shall be of 
umforiD width and of equal width on 
both edges of the fabric. ' Selvages shall 
be so made that the tension shall be the 
same as, and shall lie flat with the body 
of the. cloth. Baggy goods and curling 
selvages shall be cause for rejection. 

Sizing 

5. As little sizing shall be used in the 
fabric as is necessary for its proper 
manufacture. Assuming an average 
content of natural oils and waxes indig- 
enous to the cotton of 4.2S per cent, the 
total percentage of sizing and natural 
oils and waxes shall not exceed that 
given below for each type of fabric: 

Sheetings 10.75 per cent 

Drills. 12 0 per cent 

Sateens 12 . 0 per cent 

Broken twills 12.0 per cent 

Injurious Chemicals 

6. It shall be recognized that there are 
certain chemicals, listed below, which 
are injurious to rubber, and in so far as 
these come under the control of the man- 
ufacturer the quantity shall not exceed 
the following percentage: 

Copper 0.001 per cent 

Manganese........ 0.0005 per cent 

Grease 1 per cent 

Width 

7. The average width of the fabric 
shall be not more than 1.5 per cent over 
or under the specified width. 

Count 

8. The average count of the fabric 
shall be not more than 2 per cent in 
the warp and 5 per cent in the filling 
over or under the specified count. The 
average of the readings in a shipment 
shall not show a variation of over 1 per 
cent in the warp and 3 per cent in the 
filling. 


.Unit Weight 

9. The unit weight shall be as specified 
for the fabric with a tolerance from 
the specified weight of minus 1 per cent 
on a shipment, ' minus 2.5 per cent 
on a roll, and minus 5 per cent on a 
piece. 

Breaking Strength 

10. (a) The specified breaking 
strength shall conform to the following 
requirements. In the case of con- 
structions not pro rata to any of those 
listed below, any specified strength shall 
be agreed upon when the contract is 
placed and based on the following 
breaking strengths: 


Construction 
(Including Fro Raias) 

Breaking 
Strength, min., lb. 

Warp 

Filling 

Sheeting: 

66 in. 48/48 3.00 yd 

35 

25 

63 in 48/48 3. 14 yd 

35 

25 

60 in. 48/48 3.30 yd 

35 

25 

57 in. 48/48 3.47 yd 

1 35 

! 25 

52 in. 48/48 3.85 yd 

35 

i 25 

50 in. 48/48 4.00 yd 

35 

i 25 

49 in. 48/48 4.05 yd. 

35 

i ■ 25 

48 in. 48/48 4.17 yd 

35 

25 

Drill: 

58 

36 

66/67 in. 1.87 yd 

60 

40 

65 in. 1.93 yd.... 

60 

40 

52 in* 2.38 yd 

60 

40 


60 

40 


62 

48 

59 m. 1.85 yd 

72 

43 

56 in. 1.93 yd 

72 

43 

54 in. 2.00 yd 

72 

45 

Twill: 

69 in. 1 .37 yd. 

80 

59 

59 in. 1 .60 yd. , .............. 

80 

59 ■ 

Broken twill: 

54 in- 85 sley 1 . 14 yd. 

95 

■ 110 

56 in. 1,10 yd... 

95 

110 

54 m. 76/52 1.14 yd 

100 

100 

56 in. 1.10 yd. 

100 

100 

54 in. 85/64 0.98 yd 

110 

130 

56 in. 0.95 yd. 

110 

130 

Sateen: 

54 in. 96 sley l.SS yd 

110 

50 

54 in. 96 sley 1 .30 yd 

■ 110 ' ' 

75 

53 in. 1.32 yd 

110 

■ 75 

54 in. 96 sley 1 . 10 yd. 

125 

95 

53 in. 1.12 yd 

' 125 . 

95 

54 in. 96 sley 1 ,05 yd. 

■■ "125 

120 



(b) The average of five determina- 
tions in the direction of the warp and 
'five in the direction of the filling shall 
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be not less than the: : specified breaking 
strength for warp and filling respectively. 

Length of Cuts 

11. In respect to length of cuts two 
classes of delivery may be specified in 
the purchase contract as follows: 

Class i. — -Double cuts as far as prac- 
. . ticable, and 
Class 2.— Long cuts. 

The proportion of acceptable lengths 
is given in the following Paragraphs 
(a) to (c): 

{a) Sheetings: 

Class i, — Ten per cent of pieces in 
from 40 to 80-yd. lengths will be ac- 
cepted at the contract price, the balance 
shall be in pieces not less than 80 yd. 
in length. 

Class 2 . — The average length of 
piece shall be 250 yd. with a minimum 
of 200 yd., the seller having the privilege 
of including at the contract price up to 
10 per cent if made of pieces from 100 
to 200 yd. in length. 

(&) Drills^ Class 2. — The average 
length of piece shall be 175 yd. with a 
minimum of 120 yd., the seller having 
the privilege of including at the contract 
price up to 10 per cent if made of pieces 
from 60 to 120 yd. in length. * 

(c) Sateens, Broken Twills, and Mole- 
skins, Class 2. — The minimum length of 
piece shall be 120 yd. in length, the 
seller having the privilege of including 
at the contract price not more than one 
60-yd. piece for each 500 yd. shipped. 

Methods of Testing 
General Methods 

12. All test procedures not covered 
in these specifications shall be in ac- 
cordance with the Standard General 
■Methods of Testing "Woven- Textile 
Fabrics (A.S.T.M. Designation: D 39) 
of the American Society for Testing 
Materials.®^' "■■ -^ 


Test Condition 

13. The fabrics shall be brought to 
a standard condition in accordance with 
Section 2 of Standard Methods D 39® 
prior to testing and tests shall be made 
under the standard atmospheric con- 
ditions. 

Note. — ^T ests may be made under prevailing 
atmospheric conditions except in the settlement 
of disputes regarding strength and weight. 

Number of Tests 

14. In the acceptance of rejection of 
each shipment, tests shall be made on 
samples taken from 20 per cent of the 
rolls in each shipment; except that in 
shipments of 1 to 3 rolls, each roll shall 
be tested; in shipments of 4 to 9 rolls, 
three rolls shall be tested; in shipments 
of 10 to 19 rolls, four rolls shall be 
tested. Five samples shall be taken 
from each roll selected for purpose of 
tests on the warp and for tests on the 
fillings. The seller shall have an op- 
portunity of checking the tests and if 
agreement cannot be reached, tests shall 
be made by a referee whose decision shall 
be final. 

Sizing 

15. {a) Tests to determine the amount 
of sizing and other nonfibrous materials 
shall be made in accordance with the 
following procedure: 

{h) Weighing Bottle , — Heat a glass 
weighing bottle of approximately lOO-ml. 
capacity, fitted with a ground-glass 
cover, in a ventilated drying oven at 
105 to 110 C. as follows: Place the 
bottle and cover separately in the oven 
and, after drying for 1 hr. or more, re- 
move from the oven and place them in a 
desiccator and allow to cool to room 
temperature. Then place the cover on 
the bottle, and weigh. Repeat the 
drying, cooling, and weighing until the 
weight is constant to within plus or 


3 194<5 BQok of A.S.T.M. Standards, Part III-A. 
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' minus 0.005' g.- This is the “weight of 
■the, .weighing 'bottle.’^ 

' (c) Test Specimen . — From the fabric, 
cut test specimen weighing approxi- 
mately 10 g.. Particular care shall be 
taken to prevent the loss of fibers during 
the treatment. Place the specimen in 
the weighing bottle and dry in accord- 
ance with the procedure described in 
Paragraph (b). Repeat the drying, 
cooling, and weighing until the weight is 
constant to within plus or minus 0.005 g. 
By subtracting the ^Veight of the 
weighing bottle’^ (Paragraph (&)) from 
this weight, the weight of the dry 
specimen, 3l, is obtained. 

(d) Procedure . — Prepare an approxi- 
mately 0.1 N HCl solution by diluting 
8.6 ml. of HCl (sp. gr, 1.19) to 1 liter 
with distilled water. In a 400-ml. 
beaker, bring 200 ml. of this solution to 
boiling and immerse the specimen in the 
boiling solution. Cover the beaker with a 
watch glass to minimize loss in volume, 
and continue the boiling for 30 min. 
Treat each specimen in a separate 
beaker. Pour the contents of the beaker 
onto a fine sieve (No. 1 silk bolting 
cloth) and wash with running water 
while squeezing the specimen occasion- 
ally with the finger tips. After draining 
off the water, squeeze the specimen as 
dry as possible with the fingers, wipe it 
around the sieve to pick up loose fibers, 
and immerse it in diluted NH4OH 
(10 ml of NH4OH (sp. gr. 0.90) 
diluted to 1 liter with distilled water). 
Pour the contents of the beaker onto 
the sieve and wash as directed above. 
Finally, squeeze the specimen as dry as 
possible with the fingers, wipe it around 
the sieve to pick up loose fibers, and 
place it in the weighing bottle and dry 
to constant weight in accordance with 
Paragraph (c). By subtracting the 
“weight of the weighing bottle’^ (Para- 
graph (5)) from this weight, the weight 
of the dry cotton cellulose, is obtained. 

(e) Calculaiion ~Qdlcx3lz.tei the total 


amount of nonfibrous constituents pres-: 
entas follows: 

A - B 

. S = X 100 

where: 

S = percentage of total sizing, finish- 
ing, and other nonfibrous 
materials (dry basis), 

A = weight of the dry specimen ^ 
(Paragraph (^:)), and 

B = weight of the dry cotton cel- 
lulose (Paragraph (i)). 

Note. — The result obtained by this pro- 
cedure includes not only the starch, filling, and 
finishing materials added during manufactur- 
ing, but also some of the waxes and other non- 
cellulose natural constituents of raw cotton. 
The natural impurities and the amounts re- 
moved by this treatment vary with the grade, 
source, and previous treatment of the cotton. 
When it is desired to determine the actual 
amount of sizing or other added substance, the 
actual loss due to removal of natural con- 
stituents of the cotton should be determined 
on the unsized cotton yarn used in making the 
fabric. If the unsized yarn is not available, 
then an allowance of 4.25 per cent may be 
made as the amount of natural noncellulose 
materials removed. 

Copper and Manganese 

16. The copper and manganese con- 
tents shall be determined in accordance 
with the Standard Method of Test for 
Colorimetric Determination of Small 
Amounts of Copper and Manganese in 
Textiles (A.S.T.M. Designation: D 377) 
of the American Society for Testing 
Materials.® 

Width 

17, The width of the fabric in any 
roll or piece shall be determined by 
laying the fabric on a flat surface, under 
no tension, with wrinkles removed, and 
measuring the width perpendicular to 
the selvage, at five different places 
evenly distributed through the roll or 
piece. The average of these five meas- 
urements shall be considered the actual 
width. 
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Count , 

18. The count of the fabric in any 
roll or piece shall be determined by 
counting a space of not less than 1 in. 
in at least five different places in the 
roll or . piece without duplicating the 
determination on any one set of threads. 
The average of these five or more deter- 
minations in the warp and filling shall 
be the count. No determination shall 
be taken nearer the selvage than one- 
tenth the width of the fabric. 

Unit Weight 

19. The unit weight shall be expressed 
in linear yards of the fabric per pound 
and shall be determined from the in- 
voiced yardage and the weight of the 
entire roll or piece (both verified when 
necessary). 


Breaking Strength „ 

20. The breaking strength shall be 
determined by the grab method as de- 
scribed in Section 10 of Standard Meth- 
ods D 39,^ and in accordance with the 
following requirements: 

The back jaw of each clamp shall be 
2 in. or more in width and the front jaw 
shall be 1 in. in width. The jaws shall 
be smooth and flat with edges slightly 
rounded to prevent cutting. The initial 
distance between clamps of the testing 
machine shall be 3 in. and the pulling 
clamp shall travel at a uniform rate of 
12 zb I in. per min. Test specimens 
shall be 6 in. in length by 4 in. in width 
and no two specimens shall include the 
same yarns. 
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This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 469; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover wire 
and cable insulated with a vulcanized 
rubber compound. The suitability of 
the compound as insulation shall be 
determined solely by physical and elec- 
trical tests. The compound shall be 
called heat-relsisting rubber compound. 
This compound is ordinarily recom- 
mended for use at conductor tempera- 
tures not in excess of 75 C. 

(i) Except for the rubber insulation, 
wire and cable supplied under these 
specifications shall conform to the Tenta- 
tive Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent Hevea 
Rubber Compound (A.S.T.M. Designa- 
tion* D 27) of the American Society 
for Testing Materials.® 

Methods of Test 

2. Ail measurements and tests neces- 
sary for determining the conformity of 
the insulated wire and cable with these 
specifications shall be made in accord- 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-ll on Rubber and Rubber-Uike 
Materials. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1937 to 1941, being re- 
vised in 1939, 1940, and 1941. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


ance with the Tentative Methods of Test- 
ing Rubber Insulated Wire and Cable 
(A.S.T.M. Designation: D470) of the 
American Society for Testing Materials,® 
except as otherwise prescribed in these 
specifications, including the use of a 
temperature of 80 C. in the oxygen pres- 
sure chamber aging test. 

Physical Properties 

3. The insulation shall consist of a 
properly vulcanized rubber compound 
w^hich shall conform to the requirements 
as to physical properties prescribed in 
Table!. 


TABLE I. — PHYSICAL TEST REQUIREMENTS EOR 
INSULATION. 

Tensile strength, min., psi 1500 

Tensile stress at 200 per cent elongation, 

min., psi. 400 

Elongation at rupture, min., per cent .... 400 

Set in 2~in. gage length, max. j in .... f 

Tensile strength after 20 hr. air pressure 

heat test, min., psi 1000 

Tensile strength sifter 20 hr. air pressure 
heat test, min., per cent of the original 

value SO 

Elongation at rupture after 20 hr. air 
pressure heat test, min., per cent ...... 300 

Elongation at rupture after 20 hr. air pres- 
sure heat test, min,, per cent of the orig- 
inal value. . • '65 

Tensile strength and elongation at rupture 
after 168 hr., at 80 C. and 300-lb. pres- 
sure, oxygen pressure test, min., per cent 
of the original value. . . . . , , . . . . . , . ... 75 
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TABLE U.-THICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 

Note!.— Rated circuit voltage of alternating-current circuits is tHe phase-to-pbase voltage. 

Note 2.— For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and the test voltage 
shall be that for the next larger size or higher rated circuit voltage. 

Note 3.— -For nonleaded submarine cables, ^ in. should be added to the specified respective walls of insulation 
in this .table for all sizes and voltages. 

Note 4.— Rated circuit voltages from 0 to 5000 v. in this table apply to wire for use on grounded and ungrounded 
circuits except where one side of a delta system is permanently grounded, in which casej multiply the circuit voltage 
(phase to phase) by 1.73 and use the resulting voltage to select the corresponding insulation thickness. 

Note 5, — Above 5000 v, alternating-current, ozone-resistant insulation is recommended as prescribed in the Tenta- 
tive Specifications for Insulated Wire and Cable: Ozone-Resistant Type Insulation (A.S.T.M. Designation: D 574) of 
the American Society for Testing Materials. 3 

Note 6.— Where the National Electrical Code has jurisdiction, sizes Nos. 14, 12, and 10 A. w, g. with a^t-in. thick- 
ness of insulation and size No. 8 A. w. g. with ^^-in. thickness of insulation rated at 600 v. may be used. 


Rated Circuit Voltage 

Size of Conductor, 

A, w. g. Numbers or Circular Mils 

Insulation Thick- 
ness on Each 
Conductor, sixty- 
fourths of an inch 

Test Voltage 

0 to 300 

No. 18 to No. 16 

2 

lOOO 


No. 16 to No. 9® 

3 

3 000 



4 

3 500 

O to fjfin - - < 

No. 1 to No. 0000 

5 

6 

7 

4000 . 

5 000 
6000 


225 OOO to 500 OOO cir. mils 

525 000 to 1 000 000 cir. mils 



8 

7 000 



4 

5 000 


No. 7 to No. 2 . . 

5 

6 000 

601 to 1000 1 

No. 1 to No- 0000 

6 

7 500 

000 to nr mil'* 

7 

9 000 


525 000 to 1 000 000 cir . mils 

8 

10 000 



9 

11000 


No. 14 to No. 8 

5 

6 000 



6 

7 500 

1001 to 2000 - 


7 

9 000 

225 000 to 500 OOO cir in’l® 

8 

10 OOO 



9 

11 000 . 



9 

11000 



7 

9 000 



8 

10 OOO 

2001 to 3000 - 


8 

10 000 

99^ nnn nnn rir miU 

9 

11 000 



9 

11 OOO 



10 

12 500 



9 

11 OOO 


No. 7 to No. 2 

9 

11 000 


No. 1 to No. 0000 

9 

11 OOO 

3001 to 4000 

99 non ^OO fWVl mile 

10 

12 500 


525 000 to 1 000 000 cir. mils 

10 

12 500 


Over 1 000 000 cir- mils . 

11 

13 500 


No. 8 

10 

12 500 


No 7toNn, 9. 

10 

12 500 


No 1 to No 0000 * 

10 

12 500 

4001 to 5000 

99IC non trt «;nn non nir mile 

11 

13 500 


525 000 to 1 000 000 cir. mils 

11 

13 500 


Over 1 OW rir Tnils 

12 

IS OOO 


' No 8 to No. OOOO 

10 

12 500 

5001 to 6000 1 

99C ftoo frt 1 non rwm i-lr Tn?1« ... 

11 

13 500 

(grounded) j 

1 

Over 1 000 000 cir. mils 

12 

15 000 

■ No 8 to No. 0000 

12 

15 000 

5001 todOQp. j 

99C nAn trt 1 AAA non fir mile 

12 

15 000 

(ungrounded) — . — | 

1 (Wi milQ . - ^ . . . . . 

13 

16 500 

1 

f Nn 8 to No OOOO 

11 

13 500 

6001 to 7000. . ....j 

1 9TC AAA frt, 1 AAA flAO r*?T< mile 

11 

13 500 

(grounded). j 

1 1 AAA AAA Ati* Tnilc 

12 

15 000 

1 

f Nn 8 to No 0000 

14 

17 500 

6001 to 7000. 

' 'fnc 4'/^ 1 Ann irir ■mila - 

14 

17 500 

(ungrounded) | 

1 1 AAA AAA #^11* TYiilc . . - . * 

15 

19 000 


( No 8 to No 0000 

12* 

15 000 

7001 to 8000 J 

AAA 4'j^ i AAA AAA /•5t* wile 

12 

15 000 

(grounded) 1 

1 a/o uuu lO 1 vuu wu Cir* 

1 4 Ann AAA i**?-!* Tn?1e 

',13' 

16 500 


f No 8 to No OOOO 

16 

20 000 

7001 to 8000 ............. 

1 AAC AAA 1 AAA AAA /•it* mtlc 

16 

20 000 

(ungrounded) ... 

1 n...!... 1 AAA AAA Mt* mile . . 

17 

21000 





® Sizes Nos. 16 and 18 are not recognized by the National Electrical Code for 600- v. service. 
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Higli Voltage Test , ■ Insulation Resistance 

4. Each coil, , reel, or length of wire or S. {a) Each coil, reel, or length .of wire 
cable after vulcanization shall success- or cable after being subjected to the high 

fully withstand the application of an voltage' test specified in^ Section 4 shall 

alternating-current voltage of not less have an insulation resistance not less 

than that prescribed in Table II for a than that prescribed in Table III. 

period of 5 min. (b) In calculating insulation resist- 


TABLE III.— INSULATION RESISTANCE. 





Insulation Thickness in Sixty-fourths of an Inch 

Size of Conductor, 
A.w.g. numbers or 

or 

Stranded 

Dia*" 

meter, 

in. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 




Insulation Resistance, megohms- 

-1000 ft. at 60 F. (15.5 C.) 


No. 18 

Solid 

0.040 

4 300 

5 550 










No. 16 

Solid 

0.051 

3 650 

4 750 










No. 14 

Solid 

0.064 


4 150 

4 950 

5 650 

6 280 

6 880 

7 300 

7 730 

8 130 

8 490 

8 830 

No. 12 

Solid 

0.081 


3 530 

4 280 

4 930 

5 500 

6 000 

6 450 

6 880 

7 250 

7 600 

7 986 

No. 10 

Solid 

0.102 


3 000 

3 680 

4 250 

4 800 

5 250 

5 680 

6 050 

6 430 

6 770 

7 080 

No. 9 

Solid 

0.114 


2 800 

3 390 

3 950 

4 450 

4 900 

5 310 

5 690 

6 040 

6 360 

6 670 

No. 8 

Solid 

0.128 



3 too 

3 650 

4 150 

4 580 

4 980 

5 380 

5 680 

5 980 

6 280 

No. 7 

Solid 

0.144 



2 860 

3 370 

3 818 

4 230 

4 610 

4 960 

5 290 

5 590 

5 870 

No. 6 

Stranded 

0.162 



2 380 

2 800 

3 200 

3 600 

3 950 

4 250 

4 550 

4 780 

5 100 

No. 4 — 

Stranded 

0.204 



1 950 

2 350 

2 730 

3 050 

3,550 

3 630 

3 900 

4 170 

4 430 

No. 2 

Stranded 

0.258 


.. 

1 630 

1 950 

2 280 

2 680 

2 830 

3 080 

3 330 

3 570 

3 800 

No. 1 

Stranded 

0.289 


.... 


1 780 

2 050 

2 330 

2 580 

2 800 

3 050 

3 260 

3 480 

No. 0 

Stranded 

0.325 





1 600 

1 880 

2 100 

2 350 

2 580 

2 780 

3 000 

3 180 

No. 00 

Stranded 

0.365 


.... 


1 450 

1 700 

1 930 

2 ISO 

2 3S0 

2 SSO 

2 760 

i 2 930 

No. 000, 

Stranded 

0.410 




1 300 

1 550 

1 750 

1 950 

2 130 

2 330 

2 SIO 

I 2 700 

No. 0000 

Stranded 

0.460 

.... 



1 200 

1 400 

1 580 

1 780 

1 950 

2 100 

2 300 

i 2 450 

250 000 cir. mils 

Stranded 

0.575 





1 300 

1 480 

1 650 

1 830 

2 000 

2 150 

2 300 

350 000 cir. mils 

Stranded 

0.681 





1 130 i 

1 280 

1 430 

1 580 

1 730 

1 870 

2 000 

500 000 cir, mils 

Stranded 

0.814 





950 

1 100 

1 230 

1 350 

1 480 

1 620 

1 730 

7S0 000 cir, mils 

Stranded 

0.998 






900 

1 030 i 

1 130 

1 2.50 

1 360 

1 450 

1 000 000 cir. mils ...... 

Stranded 

1.152 






800 

900 

1 000 

1 100 

1 190 

1 300 

1 250 000 cir. mils 

Stranded 

1.289 


.... i 





800 

900 

1 000 

1 090 

1 180 

1 500 000 cir. mils 

Stranded 

1.412 







750 

825 

925 

I 000 

1 080 

1 750 000 cir. mils 

Strandedi 

1.526 







700 

775 

850 

950 

1 000 

2 000 000 cir. mils. ..... 

Stranded 

1.631 




. .. . 



650 

750 

800 

880 

950 


Size of Conductor, 

A.w.g. numbers or circular mils 

Solid 

or 

Diameter, 

in. 

Insulation Thickness in Sixty-fourths of 

an Inch 

13 

14 

15 

16 

17 


Stranded 


Insulation Resistance, megohms — 1000 ft. 
at 60 F. (IS.S C.) 

No. 8 

Solid 

0.128 

6 550 

6 800 

7 050 

7 300 

7 450 

No. 7 

Solid 

0.144 

6 140 

6 890 

6 630 

6 860 

7 080 

No. 6 

Stranded 

0.162 

5 330 

S 580 

5 750 

6 000 

6 230 

No. 4 

Stranded 

0.204 

4 650 

4 850 

5 050 

5 250 

5 450 

No. 2 

Stranded 

0.258 

3 480 

4 200 

4 400 

4 580 

4 750 

No. 1 

Stranded 

0.289 

3 680 

3 830 

4 000 

4 200 

4 380 

No. 0 

Stranded 

0.325 ' 

3 380 

3 530 

3 700 

3 900 

4 050 

No. 00 

Stranded 

0.365 

3 100 

3 250 

3 450 

3 580 

3 7.S0 

No. 000 

Stranded 

0.410 

2 850 

3 080 

3 180 

3 330 

3 450 

No. 0000 

Stranded 

0.460 

2 600 

2 750 

2 900 

3 030 

3 180 

250 000 cir. mils ■ 

Stranded 

0.575 

2 450 

2 600 

2 730 

2 880 

2 980 

, 350 000 cir, mils. 

Stranded 

0.681 

2 130 

2 250 

2 350 

2 480 

2 600 

500 000 cir. mils 

Stranded 

0.814 

1850 

1 980 

2 080 

2 180 

2 280 

' 750 000 cir. mils 

Stranded 

0.998 

1 550 

1 650 

1 750 

1 850 

1 950 

1 000 000 cir. mils 

Stranded 

1.152 

1 380 

1 480 

1 550 

1 650 1 

1 730 

1 250 000 cir. mils. 

Stranded 

T.289 

1 250 

1 330 

1430 

1 500 

1580 

1 500 000 cir. mils 

Stranded 

1.412 

1150 

1 230 

1 300 

1 350 

1480 

1 750 000 cir. mils.. 

Stranded 

1.526 

1 080 

1 ISO 

1230 

1300 

1 380 

2 000 000 cir. mils . 

Stranded 

1.631 

1030 

1 100 

1 150 

1 230 

1 300 


Note 1 .—This table is J^ased on a constant, K = 1.0,560 in the following formula: 

R — K logio-“ 
a 

where: 

R = msulation resistance in megohms— 1000 ft., 

K == constant, 

D == dmmeter over insulation, on each conductor, and 
d ~ diameter over conductor. 

Note 2.— For ah mtermediate size, the insulation resistance shall be that of the next larger size. 
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ance the temperature coefficients given 
in Table IV shall be used. 

Moisture Absorption 
6. (^) The increase in the specific 
inductive capacity of the insulation shall 
be used as an indication of the amount 
of moisture absorbed. _ 

(&) The specific inductive capacity 
after 24-hr. immersion in water shall not 
exceed five. The increase between the 
ends of the first and the fourteenth days 
shall not exceed 20 per cent and that 
between the ends of the seventh and 


TABLE IV.— TEMPERATURE COEFFICIENTS. 


Temperature 

Tem- 

pera- 

ture 

Coeffi- 

cient 

Temperature 

Tem- 

pera- 

ture 

Coeffi- 

cient 

Fahren- 

heit 

Deg. 

Centi- 

grade 

Deg. 

B’ahren- 

heit 

Deg. 

Centi- 

grade 

Deg. 

46 

7.8... 

0.65 

61 

16.1. .. 

1.03 

47 

8.3.. . 

0.67 

62 

16.7... 

1.07 

48 

8.9... 

0.69 

63 

17.2... 

1.10 

49 

9.4.. . 

0.71 

64 

17.8.., 

1.13 

50 

10.0.., 

0.73 

65 

18.3... 

1.17 

51 

10.6.. . 

0.76 

66 

18,9... 

1.20 

52 

11.1... 

0.78 

67 

19.4... 

1.24 

53 1 

11.7... 

0.80 

68 

20.0... 

1.28 

54 

12.2... 

0,83 

69 

20.6. 

1.32 

55 

12.8.. , 

0.86 

70 

21.1... 

1.36 

56 

13,3... 

0.88 

71 

21,7... 

1.40 

57 

13.9... 

0.91 

72 

12 . 1 ... 

1.45 

58 

14.4... 

0.94 

73 

22.8... 

1.50 

59 

15.0... 

0.97 

74 

23.3... 

1.55 

60 

15.6, , , 

1.00 

75 

23.9... 

1.59 


fourteenth days shall not exceed 5 per 
cent. 

(c) The specific inductive capacity 
shall be determined at either 1000 or 
60 cycles. Where measured at 1000 
cycles, .the voltage impressed upon the 
conductor shall not exceed 10 v. Where 
measured at 60 cycles, the voltage 
impressed upon the conductor shall be 
equivalent to a stress of between 30 to 
40 V. per mil of insulation. 

Thickness 

7. {a) The average thickness of the 
insulation shall be not;, less than that 
prescribed in Table II. '^The minimum 
thickness shall be not less than 95 per 
cent of the thickness required by Table II 


for insulations less than in. in thick- 
ness and not less than 90 per cent of the 
specified thickness for insulations of 
6^ in. and greater. 

(b) The thicknesses prescribed in Table 
II apply to single-conductor cable and the 
individual conductors of multiple-con- 
ductor cables, leaded or braided, except 
special applications such as aerial, non- 
leaded submarine, and vertical riser 
cable. 

Note. — In the Appendix will be found an 
interpretation of the insulation thicknesses 
given in Table II. 

(c) Number of Meamrements,—Whm 
the lot of wire to be inspected consists 
of two coils or reels, or less, at least one 
determination of the thickness shall be 
made on each coil or reel. When the lot 
consists of more than two coils or reels 
and less than 20 coils or reels, at least 
one determination of the thickness shall 
be made on each of two coils or reels 
taken at random. If the lot consists of 
20 or more coils or reels, not less than 10 
per cent of the coils or reels shall be 
selected at random and at least one 
determination of the thickness made on 
each coil or reel so selected. 

(d) Measurement of Thickness . — The 
thickness measurements may be made 
with any type of micrometer reading to 
0.001 in., suitable for measurements of 
this character. The average thickness 
of the insulation shall be taken as one- 
half the difference between the mean of 
the maximum and minimum diameters 
measured at any point and the average 
.diameter of the conductor measured 

at the same point. The minimum 
thickness shall be taken as the difference 
between a measurement made over the 
conductor plus the thinnest wall and the 
diameter of the conductor. (The first 
measurement is made by “slicing off” 
the heavier side of the insulation.) In 
the case of multiple-conductor cable, the 
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measurements shall be made on the 
individual wires before being cabled. 

Workmanship., 

8. (a) The insulation shall be homo- 
geneous in character, tough, elastic and 
applied concentrically about the con- 
ductor and shall fit tightly thereto. 
Where the insulation is applied in more 
than one layer, adjacent layers shall be 
vulcanized into a homogeneous mass. 

(b) Shielding.— Wives and cables not 
supported on insulators shall be shielded 
or suitably protected against corona in 
accordance with the detailed lecommen- 
dations contained in Sections 20 to 24, in- 
clusive, of Tentative Specifications D 27.® 

(c) Covering . — The insulation of 
braided wires up to No. 7 A.w.g., in- 
clusive, shall be covered with a single 
cotton braid. On larger sizes the fibrous 
covering shall consist of a cable tape and 
cotton braid or two cotton braids. The 
cable tape may be applied before 
vulcanization. In multiple-conductor 
cables the individual conductors shall 
not be braid-covered unless specified. 

(d) Repairs and Joints . — When re- 
pairs or joints are made in the insulation, 
the work shall be done in such manner 
that the repaired part of the joint, and 
all parts affected in the process, shall be 
as strong and durable electrically and 


mechanically as the remainder of the 
insu.lation and , . shall , not . exceed , the 
limitations on the thickness specified 
in Section 7. 

Rejection 

9. (a) If the thickness of the insula- 
tion of any coil or reel is found to be less 
than the specified value, that coil or reel 
shall be rejected and a thickness 
measurement on each of the remaining 
coils or reels shall be made. 

(b) When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail to 
conform to the requirements as to 
physical properties. If 10 per cent or 
less fail, each coil, reel, or length may be 
tested and shall be accepted or rejected 
upon the results of such individual tests. 
Where the number of samples selected 
in any inspection lot is less than ten, 
all coils, reels, or lengths shall be rejected 
if more than 20 per cent of the samples 
fail If 20 per cent or less fail, each 
coil, reel, or length may be tested and 
shall be accepted or rejected upon the 
results of such individual tests. 

(c) Each coil, reel, or length which 
fails to conform to the electrical require- 
ments of these specifications shall be 
rejected. 


(See Appendix, p- 351) 
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APPENDIX 

Interpretation dp Insulation Thicknesses in Table II 


For series-street-liglitlEg cable, use tbe follow- 
ing procedure: 

Al. (a) If the transformer is not equipped' 
with protectors, use the open-circuit secondary 
voltage of the transformer as rated voltage of 
the cable and select the proper wall thickness 
from Table II. 

(b) If the transformer is equipped with pro- 
tectors use the closed or loaded secondary volt- 
age of the transformer as the rated-circuit 
voltage of the cable and select the proper wall 
thickness from Table II. 

Note. — I t is preferable, both in Para- 
graphs (a) and (b) above, to select a cable 
with a higher voltage rating than obtained 
using the above procedure, both as a meas- 
ure of safety and to allow the substitution 
of a larger transformer without necessitating 
the replacement of the cable. 

The thickness of insulation for the various sys- 
tems shall be determined as follows: 

A2. (a) For three-phase systems with 
grounded or ungrounded neutral, use thickness 
values in accordance with Table II. 

(b) For single or two-phase systems up to 
and including 5000 v., use thickness values in 
accordance with Table II, as specified for 
grounded neutral. Where it is not definitely 


specified that a line operates as an isolated 
single or two-phase system, it shall be considered 
as a branch of a grounded three-phase circuit 
and the thickness of insulation shall be that 
required by the phase-to-phase voltage of this 
grounded, three-phase circuit as given in 
Table H. 

(c) For single or two-phase systems operating 
at over 5000 v. with one side grounded, multiply 
the circuit voltage (phase-to-phase) by 1.73 
and use the resulting voltage value to select 
the corresponding insulation thickness for 
grounded neutral as specified in Table II* 

(d) For single or tw'o-phase systems operat- 
ing at over 5000 v. with the center grounded, 
multiply the circuit voltage (phase-to-phase) by 
0.866 (i V 3) and use the resulting voltage 
value to select the corresponding insulation 
thickness for grounded neutral as specified in 
Table II. 

(e) For single or two-phase ungrounded 
systems operating at over 5000 v., multiply 
the circuit voltage (phase-to-phase) by 0.866 
(i V 3) and use the resulting voltage value to 
select the corresponding insulation thickness 
for ungrounded neutral as specified in Table II. 

(/) For direct-current systems, consider the 
same as single-phase alternating-current systems 
in accordance with Paragraph A2 (b) above. 
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INSULATED WIRE AND CABLE: PERFORMANCE RUBBER 

COMPOUND! ^ ^ ^ ^ ^ ^ 



A.S,T,M*. Designation: D 353“4i V 

Adopted, 1941.^ 

THs Standard of ttie American Society for Testing Materials is issued 'under 
tlie fixed designation 1) 353; the final number indicates the year of original 
adoption : as standard or, in, the case, of revision, the year of last revision. 


■Scope ' 

1. (a) These specifications cover wire 
and cable insulated with a vulcanized 
rubber compound. The,' suitability of 
the compound as insulation shall be 
determined solely by physical and elec- 
trical tests. The compound shall be 
called performance rubber compound. 

, (5) Except for The rubber insulation, 
wire and cable supplied under these 
specifications shall conform to the Tenta- 
tive Specifications for Insulated Wire 
and Xable: Class AO, 30 per cent 
Hevea Rubber Compound (A.S.T,M. 
Designation:,' D 27) of the American 
Society for Testing Materials.^ 

Methods of Test 

2. All measurements and tests neces- 
sary for determining the conformity of 
the insulated wire and cable with these 
specifications shall be made in accord- 
ance with the Tentative Methods of Test- 
ing Rubber Insulated Wire and Cable 

1 Under the standardization procedure o! the Society, 

these specifications are under the jurisdiction of the 
A.S.T.M Committee B-ll on Rubber and Rubber-Like 
Materials, . ,, ■' , 

2 Prior to adoption as standard, these specifications 
were published as tentative from J932 to 1941, Being re- 
vised in 1933, 1934, 1935, 1936. 1937, 1939, 1940, and 1941 .^ 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(A.S.T.M. Designation: D 470) of the 
■ American Society for Testing Materials,® 
except as otherwise prescribed in these 
specifications. 

Physical Properties 

3. The insulation shall consist of a 
properly vulcanized rubber compound 
.which shall conform to the requirements 
as to physical properties prescribed in 
Table 1. 

TABLE I.— PHYSICAL TEST REQUIREMENTS FOR 


INSULATION. 

Tensile strength, min., psi. 1200 

Tensile stress at 200 per cent elongation 

min., psi.'.,. ,300 

Elongation at rupture, min., per cent. . . . 400 

Set in 2-in. gage length, max., in . . . . .... f 

Depreciation in tensile strength and elon- ' 
gation after 96 hr. in air oven test at 157 
to 159 F., (69.4 to 70.6 C.), max., per 

cent. . . .... . ..... ... ... IS 

■ Depreciation in tensile strength and elon- 
gation after 96 hr. in oxygen pressure 
test, max., per cent. 25 


High Voltage Test 

4. Each coil, reel, or length of wire or 
cable after vulcanization shall success- 
fully withstand the application of an 
alternating-eurrent voltage of not less 
than that prescribed in Table II for a 
period of 5 min, 

352 



353 


SPECTriCATIONS FOB. RTJBBER INSULATED WlRE (D 353 - 41) 


TABLE 11.— THICENESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 

Note 1.— Rated circuit voltage of alternating-current circuits is the phase-to-phase voltage. ^ 

Note 2. — For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and the test voltage 
shall be that for the next larger size or higher rated circuit voltage. 

Note 3.— For nonleaded submarine cables, ^ in. should be added to the specified respective walls of insulation 

^^NoTC^i^—Rafed^dr^ 0 to 5000 v. in this table apply to wire for use on grounded and ungrounded 

circuits except where one side of a delta system is permanently grounded, m which case,^ multiply the circuit voltage 
(ohase to phase) by 1.73 and use the resulting voltage to select the corresponding insulation thickn^s. ^ 

Note S.—Above 5000 v. alternating-current, ozone-resistant insulation is recommended asprescribedm 
live Specifications for Insulated Wire and Cable: Ozone-Resistant Type Insulation (A.S.T.M. Designation: 0 5 74) oi me 
American Society for Testing Materials.^ ' ^ ■ ' 


Rated Circuit Voltage 

0 to 300 

0 to 600 

601 to 1000 

tool to 2000 

2001 to 3000 

3001 to 4000 

4001 to 5000 

5001 to 6000... 

(grounded) 

5001 to 6000 

(ungrounded) 

6001 to 7000 

(grounded) 

6001 to 7000. 

(ungrounded)... 

7001 to 8000 

(grounded) 

7001 to 8000 .......... 

(ungrounded)....... 


Size of Conductor, 

A. w. g. Numbers or Circular Mils 

Insulation Thick- 
ness on Each 
Conductor, sixty- 
fourths of an inch 

Test Voltage , . .j 

Ma 1 R t A "NTa 1 <5 

2 

1 000 

No 16 to No 0* 

3 

3 000 


4 

3 500 

No 1 to No ^000 

S 

4 000 


6 

5 000 

000 ti^ 1 000 000 mils * • 

7 

6 000 


8 

7 000 


4 

5 OOO 


S 

6 000 

tsja 1 tA ’nJa nnnn 

6 

7 500 


7 

9 OOO 


S 

10 000 


9 

11 OOO 


5 

6 000 


6 

7 500 


7 

9 000 


8 

10 000 


9 

11 OOO 


9 

11 OOO 


7 

9 000 


8 

10 000 


8 

10 000 


9 

11000 


9 

11000 


10 

12 500 


9 

11 000 


9 

11 000 

Ma 1 f A Na nnoo 

9 

11 000 


10 

12 500 1 

coc Ann f-A 1 Ann nnn rir 

10 

12 500 


11 

13 500 

TSTrt a 

10 

12 500 


10 

12 500 

Na 1 f A Na 0000 

10 

12 500 


11 

13 500 

coc nnn frt 1 nnn nnn rJr mil^ 

n 

13 500 

0Z3 UUU LU i UUU vUw ui* • iiiiia- 

12 

15 000 ! 

' xta a f A Na noon 

10 

12 500 


11 

13 500 

1 Z/0 UUU CU i UUVJ UUU Ui* * Uili-o 

12 

IS 000 


12 

15 000 I 

1 nnn i-n. i nnn nnn /•ir ttiiIq - 

12 

15 000 


13 

16 500 


11 

. 13 500-. ■■■ 

1 'I'it AAA 1 AAA Ann Ajr mile 

11 

13 500 


12 

IS 000 

xTrt a tA Na nnnn 

14 

17 500 

AAC AAA 1 AAA AAA Alt' tntliJ 

' 14 , : 

17 500 

ZjLo UUU CO 1 UUU UUU Cl* • 

IS 

19 000 

{ Nrt a tA Na nono 

12 

15 000 


. '■ 12 

15 000 


13 

16 500 


16 

20000 1 


16 

20 000 1 


. ■ ■ 17 . ■ 

21000 i 





« Sizes Nos 16 and 18 are not recognized by the National Blectrieal Code for 600-v. service, 
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TABLE III.~INSULATION RESISTANCE. 


Insulation Thickness 
of an, Inch. . . .. — 

in Sixty-fourths 

2 

3 

4 

5 

6 

7 

8 

9 

10 

■ 12 

Size of Conductor, 
A. w. g. numbers 

Solid 

or 

Diam- 

eter, 



Insulation Resistance, 
megohms — 1000 ft.sat 60 F. flS.S C.) 



or circular mils 

Stranded 

in. 











No. 18 . . 

Solid 

0.040 

8600 

11 100 










No. 16 

Solid 

0.051 

7300 

9 500 





14 600 




No. U 

Solid 

0.064 


8 300 

9900 

11 300 

12 550 

13 650 

15 450 

16 250 

17 650 

No. 12 

Solid 

0.081 


7 050 

8550 

9 850 

11000 

12 000 

12 900, 

13 750 

14 500 

IS 850 

No. 10. 

No 8 

Solid 

Solid 

0.102 

0.128 


6 000 

7350 

6200 

8 500 

7 300 

9 600 
8 300 

10 500 
9150 

11 350 
9 950 

12 100 
10 650 

12 850 
11 350 

14 150 
12 550 

No. 6 

Stranded 

0.184 



4750 

5 600 

6 400 

7 200 

7 900 

8 500 

9 100 

10 200 

No. 4 

Stranded 

0.232 



3900 

4 700 

5 450 

6 too 

6 700 

7 250 

7 800 

8 850 

No. 2. : 

Stranded 

0.292 



3250 

3 900 

4 550 

5 ISO 

5 650 

6 150 

6 650 

7 600 

No. 1 ■ * 

Stranded 

0.332 




3 550 

4 100 

4 650 

5 150 

5 600 

6 100 

6 950 

No. 0 

Stranded 

0.373 




3 200 

3 750 

4 200 

4 700 

5 150 

5 550 

6 350 

No. 00 

Stranded 

0.418 


i 


2 900 

3 400 

3 850 

4 300 

4 700 

5 100 

5 850 

No. 000 

No nnno 

Stranded 

Stranded 

0.470 

0.528 




2 600 
2 400 

3 100 

2 800 

3 500 

3 150 

3 900 

3 550 

4 250 
3 9a‘ 

4 650 
4 200 

S 400 
4 900 

250 000 cir. rails — 

Stranded 

0.575 





2 600 

2 950 

3 300 

3 650 

4 000 

4 600 

350 000 cir. rails — 

Stranded 

0.681 





2 250 

2SS0 

2 850 

3 150 

3 450 

4 000 

500 000 cir. rails. . . . 

Stranded 

0.814 





1 900 

2 200 

2 450 

2 700 

2 950i 

3 450 

750 000 cir. rails 

Stranded 

0.998 






1 800 

2 050 

2 250 

2 500 

2 900 

1 000 000 cir. mils. . . . 

Stranded 

1.152 



— 



1 600 

1 800 

2 000 

2 200i 

2 600 

1 250 000 cir. rails — 

Stranded 

1.289 







1 600 

1 800 

2 000 

2 350 

1 300 000 cir. mils. . . . ! 

Stranded 

1.412 







1 500 

1 650 

1 850 

2 150 

1 750 000 cir. mils — 

Stranded 

1.526 







1 400 

1 SSO 

1 700 

2 000 

2 000 000 cir, mils.... 

Stranded 

1.631 







1 300 

1500 

1 600 

1 900 


Insulation Thickness in Sixty-fourths of an 

Inch 

13 

14 

15 

j 16 

1 

Size of Conductor, 

Solid 

Diameter, 


Insulation Resistance. 


A. w. g. numbers 
or circular mils 

or 

Stranded 

in. 


megohms — 1000 ft. at 60 I 

^ (15.5 C.) 


No. 8.. 

Solid 

0.128 

13 100 

13 600 

14 100 

14 600 

14 900 

No. 6 

Stranded 

0.184 

10 650 1 

11 ISO 

11 500 

12 000 

12 450 

No. 4 

Stranded 

0.232 

9 300 

9 700 

10 100 

10 SOO 

10 900 

No. 2.. * 

Stranded 

0,292 

7 950 ! 

8 400 

8 800 

9 150 

9 500 

No. 1 

Stranded 

0.332 

7 350 I 

7 650 

8 000 

8 400 

8 750 

No. O................... 

Stranded 

0.373 

6 750’ 

7 050 1 

7 400 

7 800 

8 100 

No. 00 

Stranded 

0.418 

6 200 

6 500 ! 

6 900 

7 ISO 

7 SOO 

No. 000. 

Stranded 

0.470 

5 700 

6 150 1 

6 350 

6 650 

6 900 

No. 0000.. 

Stranded 

0.528 

5 200 

5 SOO I 

5 800 

6 050 

6 350 

250 000 cir. roils 

Stranded 

0.575 

4 900 

5 200 j 

5 450 

5 750 

5 950 

350 000 cir. mils 

Stranded 

0.681 

4 250 

4 SOO 

4 700 

4 950 

5 200 

500 000 cir. mils 

Stranded 

0.814 

' 3 700 

3 950 

4 ISO 

4 350 

4 550 

750 000 cir. mils 

Stranded 

0.998 

3 100 

3 300 

3 500 

3 700 

3 900 

1 000 000 cir. mils 

Stranded 

1.152 

2 750 

2 950 

3 100 

3 300 

3 450 

1 250 lX)0 cir. mils 

Stranded 

1.289 

2 500 

2 650 

2 850 

3 000 ' 

3 150 

1 SOO 000 cir. rails 

Stranded 

1.412 

2 300 

2 450 

2 600 

2 700 

2 950 

1 750 000 cir, mils 

Stranded 

1.526 

2 ISO 

2 300 

2 450 

2 600 

2 750 

2 000 000 cir. rails 

Stranded 

1,631 

2 050 

2 200 

2 300 

2 450 ,i 

2 600 


Note 1.— This table is based on a constant, K « 21,120 in the following formula: 

R^K Iog,o| 

where R ” the insulation resistance in megohms— 1000 ft., 

K « constant, 

D == diameter over insulation, on each conductor, and 
d == diameter over conductor. 

Note 2.— For an intermediate size, the insulation resistance shall be that of the next larger size. 
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Iflsulatioa Resistance 

: 5. (fl) Eacii coil, reel, or length of wire 
or cable after being subjected to the high 
voltage test specified in Section 4 shall 
have an insulation resistance not less 
than that prescribed in Table III. 

(5) In calculating insulation resist- 
ance the temperature coeflScients given 
in Table IV shall be used. 


TABLE IV.-TEMPERATURE COEFFICIENTS. 


Temperature 

Tem- 

pera- 

ture 

Coeffi- 

cient 

Temperature 

Tem- 

pera- 

ture 

Coeffi- 

cient 

Fakren- 

hest 

Deg. 

Centi- 

grade 

Deg. 

Fahren- 

heit 

Deg, 

Centi- 

grade 

Deg. 

46 ’ 

7.8... 

0,69 

61 

16.1... 

1.03 

47 

8.3... 

0,71 

62 

16.7... 

1.05 

48 

8.9... 

0.73 

63 

17.2... 

1.08 

49 

9.4... 

0.75 

64 

17.8... 

1.11 

so 

10.0... 

0.77 

65 

18.3... 

1.14 

51 

10.6. . . 

0.79 

66 

18.9... 

1-17 

52 

11.1... 

0.81 

67 

19.4... 

1.20 

S3 

11.7... 

0.83 

68 

20.0... 

1.23 

. 54 . < 

12,2... 

0.85 

69 

20.6... 

1.26 

55 

12.8... 

0.88 

70 

21.1... 

1.30 

56 

13.3... 

0.90 

71 

21,7... 

1.33 

57 

13.9... 

0.92 

72 

22,2... 

1.37 

58 

14.4... 

0.94 

73 

22.8... 

1,40 

59 

15.0... 

0.97 

74 

23,3... 

1.44 

60 

15.6... 

1.00 

75 

23.9... 

1.48 


Moisture Absorption 

6. (a) The increase in the specific 
inductive capacity of the insulation shall 
be used as an indication of the amount 
of moisture absorbed. 

(6) The specific inductive capacity 
after 24-hr. immersion in water shaU not 
exceed six. The increase between the 
ends of the first and the fourteenth days 
shall not exceed 20 per cent and that 
between the ends of the seventh and 
fourteenth days shall not exceed 5 per 
cent. 

(c) The specific inductive capacity 
shall be determined at either 1000 or 
60 cycles. Where measured at 1000 
cycles, the voltage impressed upon the 
conductor shall not exceed 10 V. Where 
measured at 60 cycles, the voltage 
impressed upon the conductor shall be 
equivalent to a stress of between 30 to 
40 V. per mil of insulation. 


Thickness 

7. (a) The average thickness of the 
insulation shall be not less than that 
prescribed in Table II. The minimum 
thickness shall be not less than 95 per 
cent of the thickness required by Table II 
for insulations less than in. in thick- 
ness and not less than 90 per cent of the 
specified thickness for insulations of 

in. and greater. 

(b) The thicknesses prescribed inTable 
II apply to single-conductor cable and the 
individual conductors of multiple-con- 
ductor cables, leaded or braided, except 
special applications such as aerial, non- 
leaded submarine, and vertical riser 
cable. 

Note.—Ih the Appendix will be found an 
interpretation of the insulation thicknesses 
given in Table II. 

(c) Number of Measurements. — When 
the lot of wire to be inspected consists 
of two coils or reels, or less, at least one 
determination of the tluckness shall be 
made on each coil or reel. WTien the lot 
consists of more than two coils or reels 
and less than 20 coils or reels, at least 
one determination of the thickness shall 
be made on each of two coils or reels 
taken at random. If the lot consists of 
20 or more coils or reels, not less than 10 
per cent of the coils or reels shall be 
selected at random and at least one* 
determination of the thickness made on 
each coil or reel so selected. 

(d) Measurement of Thickness.— Tht 
thickness measurements may be made 
with any type of micrometer reading to 
0.001 in., suitable for measurements of 
this character. The average thickness 
of the insulation shall be taken as one- 
half the difference between the mean of 
the maximum and minimum diameters 
measured at any point and the average 
diameter of the conductor measured 
at the same point. The minimum 
thickness shall be taken as the diff erence 
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between a measurement made over the 
conductor plus the thinnest wall and the 
diameter of the conductor. (The first 
measurement is made by 'Slicing off- ^ 
the heavier side of the insulation.) In 
the case of multiple-conductor cable, the 
measurements shall be made on the 
individual wires before being cabled. 

Workmanship 

8. (a) The insulation shall be homo- 
geneous in character, tough, elastic and 
applied concentrically about the con- 
ductor and shall fit tightly thereto. 
Where the insulation is applied in more 
than one layer, adjacent layers shall be 
vulcanized into a homogeneous mass. 

(6) Shielding , — Wires and cables not 
supported on insulators shall be shielded 
or suitably protected against corona in 
accordance with the detailed recommen- 
dations contained in Sections 20 to 24, 
inclusive, of A.S.T.M. Specifications 
D 21? 

(c) Covering , — The insulation of 
braided wires up to No. 7 A.w.g., in- 
clusive, shall be covered with a single 
cotton braid. On larger sizes the fibrous 
covering shall consist of a cable tape and 
cotton braid or two cotton braids. The 
cable tape may be applied before 
vulcanization. In multiple-conductor 
cables the individual conductors shall 
not be braid-covered unless specified. 

(d) Repairs and Joints , — When re- 
pairs or joints are made in the insulation, 


the work shall be done in' such manner 
that the repaired part of the joint, and 
all parts 'affected in the process, shall be 
as strong and durable electrically and 
mechanically as the remainder of the 
insulation and shall not exceed the 
limitations on the thickness specified 
inSection?. 

Rejection 

9. {a) If the thickness of the insula- 
tion of any coil or reel is found to be less 
than the specified value, that coil or reel 
shall be rejected and a thickness 
measurement on each of the remaining 
coils or reels shall be made. 

(J) When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail to 
conform to the requirements as to 
physical properties. If 10 per cent or 
less fail, each coil, reel, or length may be 
tested and shall be accepted or rejected 
upon the results of such individual tests. 
\^ere the number of samples selected 
in any inspection lot is less than ten, 
all coils, reels, or lengths shall be rejected 
if more than 20 per cent of the samples 
fail. If 20 per cent or less fail, each 
coil, reel, or length may be tested and 
shall be accepted or rejected upon the 
results of such individual tests. 

(c) Each coil, reel, or length which 
fails to conform to the electrical require- 
ments of these specifications shall be 
rejected. 


(See Appendix, p. 357) 
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APPENDIX 

Interpreta, 1-ION OF Insulation[Thicknesses in Table II 


For series-street-ligliting cable, use tbe follow- 
, mg procedure: 

Al. (a) If tbe transformer is not equipped 
with protectors, use the open-circuit secondary 
voltage of the transformer as rated voltage of 
the cable and select ' the proper^ wall thickness 
from Table 11. 

(5) If the transformer is equipped with pro- 
tectors use the closed or loaded secondary volt- 
age of the ' transformer as the rated-circuit 
voltage of the cable and select the proper wail 
thickness from Table 11. 

Note.— -It is preferable, both in Para-' 
graphs (a) and (b) above, to select a cable 
with a higher voltage rating than obtained 
using the above procedure, both as a meas- 
ure of safety and to allow the substitution 
of a larger transformer without necessitating 
the replacement of the cable. 

The thickness of insulation for the various sys- 
tems' shall be determined as follows: 

A2. (a) For three-phase systems with 
grounded or ungrounded neutral, use thickness 
values in accordance with Table II. 

(b) For single or two-phase systems up to 
and including 5000 v., use thickness values in 
accordance with Table II, as specified for 
grounded neutral. Where it is not definitely 
specified that a line operates as an isolated 


single or two-phase system, it shall be considered 
as a branch of a grounded three-phase circuit 
and the thickness of insulation shall be that 
required by the phase-to-phase voltage of this 
grounded, three-phase circuit as given in 
TabieH. 

. (c) For single or two-phase systems operating 
at over 5000 v. with one side grounded, multiply 
the circuit voltage (phase-to-phase) by 1.73 
and use the resulting voltage value to select 
the corresponding insulation thickness for 
grounded neutral as specified in Table II, 

(d) For single or two-phase systems operat- 
ing at over 5000 v. with the center grounded, 
multiply the^ircuit voltage (phase-to-phase) by 
0.866 (I V 3) and use the resulting voltage 
value to select the corresponding insulation 
thickness for grounded neutral as specified in 
Table II. 

(e) For single or two-phase ungrounded 
systems operating at over 5000 v., multiply 
the circuit voltage (phase-to-phase) by 0.866 
(I V S) 3-nd use the resulting voltage value to 
select the corresponding insulation thickness 
for ungrounded neutral as specified in Table II. 

(/) For direct-current systems, consider the 
same as single-phase alternating-current systems 
in accordance with Paragraph A2 (b) above. 



Scope 


Stafidard Methods of Test for 

VISCOSITY AND TOTAL SOLIDS CONTENT OF 
RUBBER CEMENTS! 



A.S.T.M. Designation: D 553 - 42 
Adopted, 1942.2 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 553; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 

Viscosity 


1. These methods of test cover pro- 
cedures for determining the viscosity 
and total solids content of rubber ce- 
ments containing organic solvents as 
differentiated from latex cenaents or 
dispersions of rubber in water. 

Total Solids 

Procedure 

2. Approximately 10 g. of the sample 
shall be poured into a low-form weighing 
bottle, covered, and weighed. After 
removing the cover, heat shall be applied 
at 70 C. until the sample reaches con- 
stant weight. The sample shall then 
be cooled in a desiccator and weighed. 

Calculations 

3. The percentage of total solids shall 
be calculated as follows: 

^ , wt. of residue 

Total sohds, per cent = — — X 100 

wt. of sample 

1 Under the standardization j^rocedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Prior to adoption as standard, these methods were, 
published as tentative from 1939 to 1942, 


Viscosity Tests 

4. The following alternate procedures 
for determining viscosity are included: 

Funnel Method . — This method gives 
closely duplicable results but is limited 
in use to those cements having viscosi- 
ties which permit sufBciently rapid flow 
through the funnel to avoid excessive 
loss of solvent. 

Falling Cylinder Method .- — This 
method is adapted to rubber cements 
having a wider range of viscosities and 
offers some advantages in control testing 
due to ease of manipulation. 

Funnel Method 

Apparatus 

5. The funnel type viscosimeter shall 
be constructed as shown in Fig. 1. 

Procedure 

6. The tests shall be made at 77 d= 
3.6 F. (25 =h 2 C.). Both the sample 
of cement to be tested and the apparatus 
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sliall be adjusted to this temperature 
before starting tbe test. The viscosi- 
meter shall be adjusted so that the ori- 
fice is perpendicular to a smooth hori- 
zontal surface. With the orifice closed 
the viscosimeter shall be charged with 
125 ml. of cement (Note). The orifice 
shall then be opened and the cement 
allowed to flow. The time of flow shall 
be measured by means of a stop watch. 

Note. — ^I n charging the viscosimeter, care 
must be exercised that no air is trapped in the 
straight portion below the funnel. The best pre- 
caution against trapping air is to pour the 
sample slowly into the side of the funnel until 
the straight portion is filled. 

Report 

7. The viscosity shall be reported as 
the number of seconds required for the 
sample of cement to discharge until the 
liquid level is just at the bottom of the 
conical section of the funnel 

Falling Cylinder Method 
Apparatus 

8. The falling cylinder viscosimeter 
shall be constructed as shown in Fig. 2, 
Each cylinder shall be marked with two 
circumferential lineSj one line 5.00 cm. 
from the lower end, and the other line 
15.00 cm. from the first line. The cylin- 
ders shall conform to the following 
requirements: 


Cylinder Diameter, in. Weight, 

No. 1.............. 0.034 1.047 

No. 2. 0.034 : 2.047 

No. 3..... 0.034 4.047 

No. 4 \ 0.034 ■ 8.047 

No. 5 0.034 16.047 

No. D 0.032' 0.306 


Procedure 

9. The temperature of the sample 
shall be adjusted to 77 ± 3.6 F. (25 d: 
2 C,). After attaching the clip to the 
ring stand, a 1-gaL can of cement shall 
be placed directly under the clip. The 
clip shall be adjusted to such a height 
that the lower end of the adjustment 
needle just touches the surface of the 
cement. In this position the first mark 
on the cylinder will be flush with the top 
of the clip. The surface of the cement 
shall be skimmed, the cylinder im- 
mediately positioned, and the control on 
the cylinder released while at the same 
time a stop watch shall be started to 
record the time. The needle shall be 
kept falling freely through the clip by 
moving the container as required. The 
test is completed when the second mark 
reaches the clip, corresponding to a drop 
of 15 cm. To remove the needle after 
a test, release the jaws of the clip by 
means of the trigger. This prevents 
cement running into the orifice. 

Report 

10. The viscosity shall be reported as 
the number of seconds required for the 
specified needle to fall through the ori- 
fice in the clip from one marker to the 
other. 



Standard Methods of 

SAMPLING AND TESTING LATICES OF NATURAL RUBBER 
AND SYNTHETIC RUBBERS* 



A.S.T.M. Designations B 640 - 44 
Adopted, 1944.* 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 640; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods are intended for use, 
as required, in sampling and measuring 
variability in composition of normal and 
concentrated rubber latex and synthetic 
rubber latices. 

Note. — O ther determinations in addition to 
those described in these methods are frequently 
used in testing rubber latex but have not been 
included, pending further development. 

Sampling Latex in Brums 

2. (a) In case the sampling operation 
takes place immediately after the drum 
is filled, no further mixing is required, 
but if the drum has stood, the top shall 
be removed and the contents stirred with 
a high-speed stirrer for 10 min. 

(&) If closed-head drums are used, a 
procedure of rolling and up-ending the 
drums shall be employed; rolling alone 
is not sufidcient. If there is a free air 
space in the drum, satisfactory mixing 
can be accomplished within a short time 
by this means. In the case of full drums 


^ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D~ll on Rubber and Rubber-Like Materials. 

® Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1944, being revised in 
1944. 


all of the latex in the closed-head drum 
shall be transferred to a larger vessel and 
mixed thoroughly before taking the 
sample. 

(c) A 1-liter (32-oz.) dry, open bottle 
shall be attached to a 120-cm. (4-ft.) 
length of 0.62S-cm. (0.2S-in.) steel rod. 
The bottle thus attached to the rod shall 
be introduced into the drum and run 
down through the entire body of latex. 
The bottle shall then be withdrawn, and 
the contents emptied back into the drum. 
This initial filling minimizes the possi- 
bility of error from moisture that may 
be in the bottle. The bottle shall then 
be filled again in the same manner. It 
will be found advantageous to leave a 
small air space in the top of the bottle 
after the second filling in order to facili- 
tate mixing before weighing out samples. 

SampHng Latex in Tank Cars 

3. (a) In case the tank car has been 
freshly filled, no further mixing will be 
necessary. If the car has stood, the 
latex shall be mixed by means of a jet 
of air from a 1.25-cm. (O.S-in.) pipe in- 
serted through the dome cover of the 
car and moved continuously throughout 
the body of the latex. In the case of 
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normal latex, this operation shall be con- 
tinued for 15 min., and in the case of 
creamed or centrifuged latex it shall be 
continued for about 45 min. 

(b) When the contents of the car have 
been thoroughly mixed, a 1-liter (32-oz,) 
narrow-mouth sample bottle attached 
to a 300-cm. (10-ft.) length of steel rod 
shall be introduced into the car. The 
bottle shall be withdrawn and the con- 
tents emptied back into the car. This 
initial filling minimizes the possibility of 
error from moisture that may be in the 
bottle. Next, the bottle shall be forced 
quickly down through the body of the 
latex, and raised and lowered rapidly 
through the entire depth of the tank car 
several times. On account of the narrow 
mouth, there will be time to do this 
during the period of filling of the bottle. 
The bottle shall be withdrawn when it is 
completely filled. Just enough latex 
shall be poured out to leave a small air 
space in the top, and the bottle shall 
then be stoppered tightly. 

Total Solids 

4. (a) Weigh 2.5 zh 0.5 g. of the latex 
to be tested into a tared, covered, flat- 
bottom glass weighing dish. The latex 
should be uniformly distributed over the 
bottom of the dish, during drying, over 
an area of approximately 32 sq. cm. 
(5 sq. in.). With the dish uncovered, 
dry the specimen in air for 16 hr. at 
70 C. Cool the dried film to room tem- 
perature and weigh. 

(5) Calculate the percentage of total 
solids as follows: 


Total soMs, 

per cent = 


wt. of dried film 
wt. of latex sample 


X 100 


Dry Rubber Content 

5. {a) Weigh a representative sample 
of not less than 20 g. of normal latex or 
10 g. of concentrated latex into a porce- 
lain evaporating dish, and add distilled 
water until the total solids content is 


approximately 25 per cent. Add acetic 
acid (2.0 per cent), while stirring con- 
stantly, until the latex,, appears to be 
coagulated and more acid produces no 
effect. Place the dish on a steam bath 
for 30 min., then pour off the serum and 
replace it with distilled water. Remove 
the coagulum and pass it between the 
tightly closed roils of a laundry wringer 
or similar device, wash it again with dis- 
tilled water, and wring out. Repeat this 
process five times. Dry the resulting 
crepe to constant weight at 70 C. 

(b) Calculate the dry rubber content 
as follows: 


Dry rubber 
content, per cent 


wt. of dry coagulum 

——— — — xm 

wt. of sample 


Preparation of Sample for Chemical 

Analysis 

6. Spread the latex to be dried on a 
fiat glass plate. Convenient amounts 
to use are 1 ml. of normal latex per 
6.45 sq. cm. (1 sq. in.) of surface or 
0.5 ml. of concentrated latex per 6.45 
sq. cm. Place the plate in a current of 
warm air at approximately 90 F,, and 
allow the latex to dry slowly to a trans- 
parent film. 


Note. — This method of preparing a dried 
film of latex rubber is specified in order to obtain 
in a uniform manner a material that can be 
directly subjected to the procedures for deter- 
mination of manganese, copper, and acetone 
extract as described in the Tentative Methods 
of Chemical Analysis of Rubber Products 
(A.S.T.M. Designation: D 297) of the American 
Society for Testing Materials.® 


Report 

7. The report shaH incIude the fol- 
lowing: 

(1) Identification of sample and 
statement of the method of sampling 
used, and 

(2) Results of all determinations 
made. 


> Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Methods of 

TESTING COMPRESSED ASBESTOS SHEET PACKING' 



A.S.T.M. Designation: D 733 - 46 
Adopted, 1946.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 733; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods describe test pro- 
cedures for evaluating the physical prop- 
erties of the product known commer- 
cially as “compressed asbestos sheet 
packing’’ manufactured by bonding a 
large volume of asbestos fiber with a 
compound of natural or S 3 mthetic rub- 
ber or a mixture of both. In testing 
any particular type or grade of packing, 
appropriate procedures may be selected 
from those given. 

General Methods 

2. {a) Except as otherwise specified 
in these methods for compressed asbestos 
sheet, the following methods of test of 
the American Society for Testing Mate- 
rials, applicable in general to rubber 
products, shall be complied with as 
required and are hereby made a part of 
these methods: 

(i) Tension Test,— Stmdduxd Methods 
of Tension Testing of Vulcanized 
Rubber (A.S.T.M. Designation: 
D4^2).^ 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1943 to 1946, being revised in 
1943 and 1946. 


(2) Aging Test , — Standard Method 
of Test for Accelerated Aging of 
Vulcanized Rubber by the Oven 
Method (A.S.T.M. Designation: 
D573),3 

(J) Immersion Test, — Tentative 
Methods of Test for Changes in 
Properties of Rubber and Rub- 
ber-Like Materials in Liquids 
(A.S.T.M. Designation: D471).^ 

{h) In all tests described in these 
methods, the test specimens shall be 
conditioned in an oven at 100 C. for 1 
hr. and allowed to cool to room tem- 
perature in a desiccator before proceed- 
ing with the tests. 

{c) Test conditions indicated in these 
methods as “specified’^ shall be as pre- 
scribed in the contract or purchase 
specifications for the particular material 
being tested. In case of conflict between 
the provisions of these methods and those 
of detailed specifications or methods of 
test for a particular lot of material, the 
latter shall take precedence. 

Composition 

3. Whenever composition require- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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ments are prescribed in purchase speci- 
fications, the conformity of the material 
to these requirements shall be supported 
by afiSdavits from the manufacturer 
rather than by chemical analysis (Note). 

Note.— P resent 3mown methods of chemical 
analysis of this type of material do not have the 
degree of accuracy required for specification 
control tests. 

Sampling 

4. One sample shall be taken from 
each 1000 lb. or fraction thereof of pack- 
ing having any one thickness. This 
sample shall be of sufiScient she to pro- 
vide the necessary specimens for the 
tests required. In general, a sample 12- 
in. square will suffice. No samples 
shall be selected from material below 
■it in. or above | in. in thickness. Mate- 
rial of thicknesses not included in this 
range shall be represented by samples 
of acceptable thickness which are guar- 
anteed by the manufacturer to be of 
equivalent composition and cure. 

Measurement of Thickness 

5. Thickness shall be determined in 
accordance with the procedure described 
in Section 8 (d) of A.S.T.M. Methods 
D 412, except that the thickness recorded 
shall be the average of not less than five 
separate measurements; the presser foot 
shall exert a force of 9.0 dr 0.1 oz.; and 
the diameter of both presser foot and 
anvil shall be 0.25 dr 0.01 in. 

Tensile Strength 

6. The tensile strength shall be deter- 
mined in accordance with Methods 
D 412® using specimens cut with die A, 
except that the testing machine shall 
have a jaw separation speed of 12 in, 
per min. Die B may be used as an 
alternate when the thickness of the 
sample is such that the breaking load 
for specimens cut with die A might be in 
excess of the capacity of the testing 
machine. Specimens shall not be buffed 


prior to testing. The number of. test 
specimens and method of calculating 
results shall be in accordance with Sec- 
tion 9 (a) of Methods D 412, except 
that three specimens shall be selected 
in each of two directions at right angles 
to each other, corresponding to the 
longitudinal and transverse directions 
of the calendar grain in the original 
sheet. Special care shall be employed 
in inserting specimens into the grips of 
the testing machine to insure that they 
are accurately aligned (Note). Results 
in each direction shall be calculated as 
the average of the three tests. 

Note. — E rrors as high as 50 per cent can 
result from imperfect alignment. 

Bending Test 

7. A specimen of the packing 1 in. 
in width and of sufficient length to be 
grasped by the ends shall be bent 180 
deg. around a rod of specified diameter 
with just enough force to hold the speci- 
men in intimate contact with the rod. 
Cracking of the specimen where bent, 
as determined visually, shall be con- 
sidered failure to pass the test. The 
test shall be applied to strips cut in both 
longitudinal and transverse directions 
unless otherwise specified. 

Compressibility 

8. A specimen having a minimum area 
of 1 sq. in. either in the form of a square 
or circular disk shall be cut from the 
sample and placed on a hardened steel 
plate in any standard type of compres- 
sion testing machine. A flat compres- 
sion loading disk | in. in diameter made 
of hardened steel shall be placed in the 
center of the specimen on the opposite 
side from the plate. The specified load 
shall then be applied at a slow uniform 
rate and held for 30 sec. at which time 
the deflection shall be read by the use of 
suitable micrometers. The percentage 
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of compressibility shall be calculated as 
follows: 


Compressibility, per cent = 

original thickness 

— compressed thickness 
original thickness 

I Accelerated Aging 

9. The accelerated aging test shall 
be conducted by the oven method in 
I accordance with Method D 573. The 

I aging period shall be 96 hr. at 70 C. 

j Extent of the aging shall be measured 
by the change in the results of the tensile 
strength, bending, and compressibility 
tests made in accordance with the pro- 
( cedures described in Sections 6, 7, and 8, 
! when carried out before and after the 
aging period. 

Immersion Tests 

i 10. (a) The ability of the packing to 
; withstand the effect of liquids shall be 
estimated from immersion tests in speci- 
fied liquids for stated periods at the re- 
quired temperatures. Two procedures 
are given designated as method A and 
method B. In method A, the test 
specimens are cut from the sample and 
‘ immersed without any conditioning pro- 
cedure. In method B, strips of the 
sample as required are conditioned ac- 
cording to the procedure described in 
j Paragraph (c), prior to the cutting of 

I the immersion test specimens. Method 

B shall be employed only when specified 
; for high-temperature immersion tests 

on types of compressed asbestos sheet 
which are designed to develop their 
proper fluid resisting characteristics after 
application in service at elevated temper- 
atures. 

(6) Method A.— The material shall be 
tested in accordance with method A of 
Methods B 471, except that the thick- 


ness of the specimen shall be that of 
the material and the specimens in- 
tended for determination of tensile 
strength shall be cut with die A of 
Methods D 412 in both the longi- 
tudinal and transverse directions of 
the sheet. The calculation of tensile 
strength after immersion shall be based 
on the original cross-section of the test 
specimen rather than on the swollen 
area. 

(c) Method B.— Strips of packing 6 
in. in length by 3 in. in width shall be 
cut from the sample in both the longi- 
tudinal and transverse directions as 
required. Each strip shall be placed 
between smooth surfaces in a compres- 
sion device consisting of steel plates 6 by 
6 by 1 in. provided with four bolts 
for drawing the plates together. The 
strips shall be compressed and held at 
5 per cent less than the original thick- 
ness. The assembly shall be placed 
in a thermostatically controlled air oven 
for 16 hr. at the temperature at which 
the subsequent immersion period is to 
be conducted. At the end of this time 
the strips shall be removed from the con- 
ditioning apparatus and allowed to 
cool for 1 hr. in air at room temperature, 
after which the immersion test specimens 
shall be cut from the strips. These 
conditioned specimens shall then be 
tested in accordance with method A as 
described in Paragraph (&). 

{d) The effect of immersion shall be 
judged by changes in thickness, weight, 
tensile strength, or compressibility made 
in accordance with the procedures de- 
scribed in these methods in Sections 5, 6, 
and 8, and in method A of Methods 
D 471, except that in the case of immer- 
sion tests in volatile liquids, it shall be 
judged only by changes in thickness or 
weight. The measurement of thickness 
shall be completed within 30 sec. ‘after 
removal from the liquid. 
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Corrosion Test ' 

11. A reetangular specimen' | by 2 
in. cut from the sample shall be placed 
on a section of a specified metal and held 
in contact by a 1-lb. load. This as- 
sembly shah be immersed in a specified 
medium for 16 hr. at 90 C. A blank 
control test using neutral filter paper in 
place of the test specimen shall be made 
simultaneously. At the end of the 
immersion period the assemblies shall be 
removed from the bath and allowed to 
cool for 1 hr. Visible pitting in excess 
of that observed in the control test shall 
be regarded as evidence of corrosion. 

Retests and Rejection 

12. Because of the nonhomogeneous 
nature of compressed asbestos sheet 
packing, any material which fails to 
meet the requirements in one or more of 


the specified tests, may be resampled 
and retested. For this purpose, one 
additional sample shall be selected and 
specimens prepared and tested according 
to the procedure for the test in which the 
original specimen failed to meet the 
requirements. In the event of failure 
of this retest, the packing represented 
by the sample tested shall be rejected. 

Report 

13 . The report shall include the follow- 
ing: 

(1) Description of the sample in- 
cluding lot identification, type, and 
thickness of sheet, 

(2) Statement of methods used, speci- 
fied test conditions, and results obtained, 

(3) All observed and recorded data, 
and 

(4) Date of manufacture of the mate- 
rial, if known, and date of test. 
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Standard Method of Test for 
DEGREE OF STAINING OF PAPER BY ALKALI^ 



A.S*T.M. Designation: D 723 - 45 
Adopted, 1945A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 723; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test for determining 
the degree of staining of paper by alkali 
is applicable to undyed papers. It can 
be used with hard-sized (rosin) papers 
by hrst removing the major part of the 
sizing with ether or methanol. It is 
not recommended for use with pulp. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Nessler Tubes. — set of six Ness- 
ler tubes made with thin, colorless glass, 
1 mm. in thickness, having a diameter 
of 29 to 30 mm., and with the 50-mL 
graduation mark about 90 mm. from the 
bottom outside. 

(b) Precision Pipette. — A precision 
pipette of 1-ml. capacity, graduated to 
0.01 ml. 

Reagents 

3. {a) Potg^ssium Bichromate Solu- 

j Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-h on Paper and Paper Products. 

For further information on this method the following 
reference may be consulted: 

T. Linsey Crossley, “A Quantitative Test for Soap 
Wrap Paper,” Technical Association Papers, Technical 
Assn. Pulp and Paper Industry, Series XX (1937). 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1943 to 1945. 


tion. — Dissolve 0.25 g. of K 2 Cr 207 in a 
small amount of water and dilute to 1 
liter. 

(b) Congo Red Solution. — Dissolve 0.5 
g. of Congo red^ in water, and dilute to 
1 liter. 

(£:) Sodium Hydroxide Solution {1 N). 
Reference Standards 

4. To 50 ml. of the potassiurii dichro- 
mate solution add 0.1 ml. of the Congo 
red solution and mix well. Place differ- 
ent amounts of this mixed solution, such 
as 0.2, 0.5, 1.0, and 2.0 ml. each, in 
separate Nessler tubes, dilute to the 50- 
mL mark with water, and mix. 

Note: Caution . — As potassium dichromate 
slowly destroys the Congo red color, the solution 
should not be mixed until immediately before 
use. 

Test Specimen 

5. The test specimen shall consist of 
3.00 g. of the paper torn into pieces J 
to -I in. square. With vegetable parch- 
ment a finer subdivision of the sample is 
advisable. 


* Eastman Kodak Co. Congo Red E.K. 770 is recom- 
mended. 
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Proce^iire ; 

6. (g) Place the test specimen in a 
2S0-mI. Erlenmeyer flask, add 50 ml 
of hot water and boil for 5 min. Decant 
the liquid into a lOO-ml. flask or gradu- 
ated cylinder. Add 50 ml of hot water 
to the paper in the flask and boil again 
for 5 min. Decant the second liquid 
into the first and dilute to 100 ml, using 
the water for dilution to wash the paper 
in the flask. 

(5) Add 25 ml of 1 N NaOH to the 
combined liquids and, after standing 
for at least 5 min., filter, using a fast 
filter paper if the insoluble matter is 
flocculent, or a close filter if it appears 
cloudy. 

(c) Place 50 ml. of the filtered alkaline 
solution from the paper in a Nessler tube 
and compare with the reference stand- 
ards. The solutions are best compared 


by holding the tubes containing them 
over white paper, but not resting on it, 
and looking down through the solutions. 
If none of the reference standards 
matches the solution, prepare reference 
standards of other strengths and com- 
pare them with the solution. Exact 
matches of tint are not always possible, 
but distinction in intensity is readily 
seen. 

Report 

7. Report the number of milliliters 
of potassium dichromate - congo red 
solution required to match the tint of 
the alkaline extract of paper as the 
alkali-staining number. Express the re- 
sults to one decimal place. 

Note. — has been found that papers show- 
ing an alkali staining number of more than 3 
will give stain with NaOH (1 per cent) by the 
drop test. 
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Standard Method of Test for 
ASH CONTENT OF PAPER AND PAPER PRODUCTS^ 



A.S.ToM. Designation: D 586 - 42 
Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 586; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method of test is intended 
for use in determining the ash content 
of paper and paper products, which is 
defined as the residue after complete 
combustion of the paper. The mineral 
content of paper may consist of: (i) 
various residues from chemicals used 
in its manufacture, iZ) metallic matter 
from piping and machinery, and (3) 
filling, coating, and pigmenting ma- 
terials. Generally, if the ash content 
does not exceed about 2 per cent, no 
filling, coating, or pigmenting material 
has been used; but this is not always the 
case, as pigments of high opacity or color- 
ing power are sometimes used in very 
small amounts. When filling and coating 
materials are present that do not change 
much on ignition, such as barium sulfate 
and certain titanium pigments, the ash 
is an approximate measure of the amount 
present. , 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee I)-6 on Paper and Paper Products. 

* Prior to adoption as standard, this method was 
published as tentative from 1940 to 1942. 


Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Crucible , — A crucible, made of 
material such as platinum, alundum, 
porcelain, or silica, that does not change 
in weight under the ignition conditions, 
and having a tightly fitting lid. 

(б) Heat Source , — An electric muffle 
furnace with an operating temperature 
of approximately 925 C. (1700 F.) is 
recommended, but a gas burner yielding 
a similar temperature is also suitable. 

Test Specimen 

3. The test specimen shall consist of 
small pieces of paper so selected as to be 
representative of the sample. Its total 
weight shall be not less than 1 g. 

Procedure 

4. (a) Dry the specimen to constant 
weight at 105 rfc 2 C. and weigh to the 
nearest 1 mg. This may be done with 
sufficient accuracy for the purpose in 
the ignited and weighed crucible used 
for the ashing of the specimen. 
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{b) Ignite the dried specimen in the 
crucible, which, together with the cover, 
has previously been ignited and weighed. 
To avoid loss of small particles, the 
crucible shall be covered during the 
initial ignition of the specimen, which 
shall be done at low temperature. The 
temperature shall then be gradually 
raised to a maximum of approximately 
925 C. (1700 F.). After this tempera- 
ture is reached, the lid of the crucible 
may be slid to one side until the com- 
bustion is complete. Care shall be 
taken at all times to protect the con- 
tents of the crucible from air drafts. 
When the specimen is completely burned, 
as indicated by absence of black parti- 
cles, remove the covered crucible to a 
desiccator, and allow it to remain until 
its temperature is in equilibrium with 
that of the surrounding atmosphere. 
Weigh the crucible and contents to the 
nearest 0.1 mg. Repeat the ignition 


and weighing until the ' weight is 
constant. 

Calculation and Report 

5. {a) Calculation—Tht percentage 
of ash shall be calculated on the basis 
of the weight of the specimen; dried to 
constant weight at 105 ri: 2 C. 

(&) Report , — The percentage of ash 
shall be reported as the average of at 
least two determinations. Ash shall be 
reported to the nearest 0.05 per cent for 
papers containing 5 per cent ash or less, 
to the nearest 0.1 per cent for papers 
containing 5 to 10 per cent ash, and to 
the nearest 0.2 per cent for papers con- 
taining more than 10 per cent ash. 


Reproducibility of Results 


6. Results of duplicate determina- 
tions should agree within the following: 


Ash Content 


Permissible 

Difference 


5 per cent or less.. 0.1 

Over 5 to 10 per cent 0.15 

Over 10 per cent. 0,2 



TECHNICAL ASSOCIAiaON OF AND PA^ER INOTSTRT 
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Standard Method of Test for 
BASIS WEIGHT OF PAPER AND PAPER PRODUCTS* 



A.S.T.M. Besignation: D 646 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 646; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the basis weight 
of large and small pieces of paper. Fac- 
tors for conversion of basis weight from 
one commercial size of paper to another 
are given in the Appendix. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Balance.— ~K balance having a sen- 
sitivity of not less than 0.25 per cent of 
the load applied and so graduated that 
readings of this degree of accuracy can 
be made . The balance should preferably 
be a specially constructed sheet- weighing 
device indicating the equivalent weight 
of a 500-sheet and also a 480-sheet ream 
in pounds when a specimen consisting 
of one sheet of the designated size is 
weighed. The balance shall be pro- 
tected from air currents while weighing. 

(&) Measuring Device— k device ca- 
pable of measuring the size of the speci- 

1 Under the standardization procedure of tlbe Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1941 to 1944, being revised in 1P42. 


men to an accuracy within 0.25 per cent 
of the smallest dimension to be measured « 

{c) Paper Cutter . — A template for cut- 
ting the paper to size. When a template 
is used for preparing the sheets, it is 
recommended that the paper be cut to 
exact size with a sharp knife. A paper 
cutter havmg an attachment for ensuring 
parallelism of the opposite edges is also 
recommended. 

Calibration of Balance 

3. The balance shall be level at all 
times and care shall be taken that the 
level is not disturbed. The balance 
shall be calibrated after leveling by 
applying accurate weights with increas- 
ing and decreasing loads. If the level of 
the balance is not disturbed, the fre- 
quency of calibration depends entirely 
upon the condition and frequency of use 
and, therefore, becomes largely a matter 
of judgment 

Sampling 

4. The material shall be sampled in 
accordance with the Standard Method 
of Sampling Paper and Paper Product^ 
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(A,S,T.M. Designation of the 

American Society for Testing Materials.® 

Test Specimens 

5. The test specimens shall consist, 
whenever possible, of at least 10 sheets 
each approximately 100 sq. in. (645 sq. 
cm.) in area taken from the sample ob- 
tained as prescribed in Section 4. 

Test Conditions 

6. All test specimens shall be brought 
to a standard condition, prior to testing, 
in accordance with the Standard Method 
of Conditioning Paper and Paper Prod- 
ucts for Testing (A.S.T.M. Designation: 
D 685) of the American Society for Test- 
ing Materials.® All tests shall be made 
under the standard atmospheric con- 
ditions. 

Procedure 

7. The area of the test specimen shall 
be determined to the nearest 0.25 per 
cent of its total area. The weight of the 
specimen shall be determined to the 
nearest 0.25 per cent of its total weight. 


If weighed in grams, the weight of 10 
sheets multiplied by 1.102 gives the 
equivalent weight in pounds of 500 
sheets of the same area. 

Report 

8. {a) The report shall include at least 
two of the following items: 

(1) Equivalent ream weight in 
pounds for a ream consisting of 500 
sheets 25 by 40 in. (635 by 1016 mm.) 
in size, 

(2) Weight in grams per square 
meter of paper, and 

(J) Equivalent weight for the ream 
size commonly used by the paper in- 
dustry for the particular type of paper. 
(b) The weight shall be reported to 
three significant figures. If less than 
1000 sq. in. (0.6 sq. m.) of paper is used 
for the test, the area tested shall be 
reported. 

Reproducibility of Results 

9. Duplicate determinations made on 
the same sample shall agree within 2 per 
cent. 


APPENDIX 


Al. The information given below will be of 
assistance in calculating the weight of paper and 
the conversion of customary trade-sizes 500- 
sheet reams to and from the weight in pounds of 
size 25 by 40 in., and to the weight in grams 
per square meter. 

A2. When specimen sheets are w^eighed on a 
balance in grams or on a paper scale, the weight 
of trade size 25 by 40 in., 500-sheet ream is cal- 


culated as follows: 



_ 1102g 


7111g 

abn 


yzn- 

^ imp 

or 

6mp 

abn 

yzn 

^ 1550g 

or 

10,000g 

abn 

yzn 



* Appears m this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


abn yzn 

where: 

P = weight in pounds of trade size 25 by 
40 in., 500-sheet ream, 

G = weight in grams per square meter of 
trade size 25 by 40 in., 500-sheet 
ream, 

a — length of specimen in inches, or 
y = length of specimen in centimeters, 
h = width of specimen in inches, or 
z = width of specimen in centimeters, 
g = weight in grams of sheets weighed, or 
p ^ indicated weight on scale for 500 
sheet ream, and 

n — number of sheets weighed. 

A3. Conversion factors for converting the 
weights of some customary trade sizes of 500- 
sheet reams, to and from the weight in pounds 
of 25 by 40 in., 500-sheet reams, 5, and in grams 
per square meter, wi are given in Table I, 
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table I.-CONVERSION FACTORS FOR TRADE 
SIZES OF PAPER.* 



Trade Size, 
SOO-sbeet 
Ream, in.® 

Conversion Factors^ 

Kind of Paper , 

A 

(sto 

0 

B 

(mto 

i) 

C 

a to 

S) 

D 

(t to 
m) 

Writing and printing 

17 by 22 

0.374 

0.266 

2.674 

3,760 

(Demy size) 

17M by 22M 

0.394 

0.280 

2.540 

3.571 

Blotting 

19 by 24 

0.456 

0.324 

2.193 

3.083 

Cover — 

Tissue (double crown 

20 by 26 

0.520 

0.370 

1.923 

2.704 

size). . ....... ..... 

20 by 30 

0.6001 

0.427 

1.667 

2.343 

Cardboard 

22 by 28 1 

0.616 

0.438 

1.623 

2.282 

Bristol and tag . — 

22^2 by 28Mi 

0.641i 

0.4561 

1.559 

2.195 

News and wrapping. 

24 by 36 

0.864; 

0.614i 

1.157 

1.627 

Book. 

T.A.P.P.1. standard 
size 

25 by 38 

0,950 

0.675| 

1.053 

1.480 

25 by 40 

i.ooo! 

0.71ii 

1.000 

1.406 

Metric size 

1 sq.m. 

1.406 

1.000 

0.711 

1.000 


If the given trade size is in 480-sheet reams, then the 
factors A and B shall be multiplied by 48/50 (or 0.960), and 
C and D by 50/48 (or 1.042) for conversion. 

® These conversion factors, except for the metric size, are 
obtained as follows: 

A = 1/iOOO area of trade size sheet in square inches 
B = 0.711 A 
C - l/A 
D *= 1.406/^ 

A4. The following examples illustrate the 
use of the conversion factors in practical 
calculations: 

(a) The weight in pounds of 25 by 40-500 
multiplied by A is equivalent to the weight in 
pounds of a given trade size, for example: 

100 lb. 25 by 40-500 X 0.600 = 60.0 lb. 20 by 
30-500 

(b) The weight in grams per square meter 
multiplied by B is equivalent to the weight in 
pounds of a given trade size, for example: 

60 g. per sq. m. X 0.711 = 42.7 lb. 25 by 40-500 

(c) The weight in pounds of a given trade size 
multiplied by C is equivalent to weight in pounds 
of 25 by 40-500, for example : 

32 lb. 24 by 36-500 X 1.157 * 37.01b. 25 by 
40-500 

(d) The weight in pounds of a given trade 
size multiplied by D is equivalent to the weight 
in grams per meter, for example: 

SO lb. 25 by 38-500 X 1.480 * 74 g. per sq. m. 


A5. For convenience in converting the weight 
of a ream of 500 sheets 24 by 36 in. in size to the 
weight of a ream of 500 sheets of any other of 
the accepted trade customs, multiplier factors 
are given in Table II. 


TABLE II.-CONVERSION FACTORS FOR WEIGHTS 
OF REAMS.-i 


Trade Custom Size, SOO-sbeet Ream, in. 

Conversion 

Factor, 

17 by 22 

0.4329 

19 by 24 

0.5278 

20 by 26 

0.6018 

20 by 30 

0.6944 

22 by 28 

0.7129 

22.5 by 28.5 

0.7422 

24 by 36 

1.000 

25 by 38 

1.0995 



A6. {a) In case the available sample is 
smaller than the required size as prescribed in 
Paragraph xA5, the following formula should be 
used for obtaining weight in the desired ream 
size. The paper should be cut to accurate 
dimensions and w’eighed on an analytical 
balance. 


a 

where: 

T = weight of trade size desired, 

W = weight of sample in pounds, 

S = area of trade size in square inches, and 
a = area of sheet in square inches. 

(b) When it is required to find the linear feet 
in a roll of paper having given the ream weight, 
the width of the roll, etc., the length of the roll 
may be calculated as follows: 



nwD 


where: 

L = length of roll in feet, 

= weigh t of roll in pounds, 
tj = area of ream in square inches, 
yy weight of ream in pounds, and 
D ~ width of rollin feet. 


« Editorially revised in November, 1945. 



TECHNICAL ASSOCIATION OF FULP ANB PAPES INMSTEf 
STANBASB METHGB T403m— 45 


Standard Method of Test for 
BURSTING STRENGTH OF PAPERS 



A.S.T.M. Designation: D 774 - 46 

Adopted, 1946. ^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 774; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for measuring the bursting 
strength of paper and paper products 
having a bursting strength of not over 
200 psi. and occurring as single or 
laminated flat sheets not over 0.025 in. 
in thickness.^ This method is not in- 
tended to be used for testing corrugated 
box board. 

Definition 

2. Bursting strength is defined for 
this method of test as the hydrostatic 
pressure required to produce rupture of 
a circular area of the material under 


1 Under the standardization procedure of the Society, ‘ 
this method is under the jurisdiction of the A.S.T.M. 
Committee B-d on Paper and Paper Products. 

* Prior to adoption as standard, this method was 
published as tentative from 1944 to 1946. 

8 For further information on this method the following 
references should be consulted: 

F. T, Carson, and F. V. Worthington, “A Critical Study 
of the Bursting Strength Test for Paper,” Journal of Re- 
search, Nat. Bureau Standards, VoL 6, p. 339 (1931) IRe- 
searchPafer RR 27S). 

F. T. Carson, ”Some Notes on the Revision of Methods 
for Measuring the Strength of Paper,” Paper Trade 
Vol. 102, p. TS 263 (1936). 

James d’A. Clark, “Beterinining theBursting Strengtli 
of Raptr,** Technical Association Papers, Tech. Assn, 
Pulp and Paper Industry, Scries IV, pp. 367-370 (1932). 

C. V. Oliverj ^Variability in Test Results,” Proceed- 
ings, Tech. Section, P.aper Manufacturers’ Assn., Vol. 11, 
p. 53 (1930). 

C. F. IJnderhay, “Bursting Tester Standardization,” 
Proceedings, Tech. Section, Paper Manufacturers’ Assn., 
Vol. 11, Part 2, p. 247 (1931). 


test 1.2 in. in diameter, when applied 
at a controlled, increasing rate, as de- 
scribed in Section 6. During the test, 
the specimen must be free to bulge 
under influence of the increasing pres- 
sure, but the fieripheiy of the test 
area must be rigidly fixed so that it 
does not move while the pressure is 
being applied. , 

Apparatus 

3. The testing machine shall conform 
to the following requirements: 

{a) Clamps . — A means for fimiiy 
clamping the test specimen without 
slippage during the test between two 
annular, plane, unpolished (matte) sur- 
faces, w^hich may have fine, concentric 
tool marks not over 0.002 in. in depth 
for the purpose. The upper clamping 
surface or the clamping ring shall 
have a circular opening 1.200 ± 0.001 
in. in diameter. The circular edge of 
the opening w^hich is in contact with 
the paper during the test shall be relieved 
of sharpness, but not rounded ofi 
enough to alter significantly the diam- 
eter of the opening. The lower clamp- 
ing surface or the diaphragm plate 
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shall be 0.125 in. in thickness and shall 
have.an, opening 1.25 ± 0.01 in. (1.24 
in. recommended) in diameter. Its edge 
which in use is in contact with the rub- 
ber diaphragm shall be rounded ofiE 
sufficiently to prevent it cutting the 
rubber when pressure is applied. When 
testing a specimen, the annular openings 
of the two clamping plates shall be 
co-axial. , 

(b) Rubber Diaphragm , — rubber dia- 
phragm, of pure gum rubber, free from 
mineral loading material and 0.033 to 
0.035 in. in thickness, clamped be- 
tween the lower clamping plate and the 
rest of the apparatus, so that before the 
diaphragm is stretched by pressure 
underneath it, the center of its upper 
surface is below the plane of the clamp- 
ing surface. A pressure of 0.5 psi. shall 
be capable of distending the diaphragm 
through the aperture of the clamping 
plate to a height of at least 0.125 in. 
above the top surface of the plate. It 
is recommended that this diaphragm 
be renewed monthly. 

(c) Motor , — A means of applying con- 
trolled, increasing hydraulic pressure 
to the underside of the diaphragm 
until the specimen bursts. This pres- 
sure shall be generated by a motor- 
driven piston forcing a liquid (usually 
glycerine) into the pressure chamber of 
the apparatus at the rate of 75 mi. 
(about 6 cu. in.) per min. (Note), 

Note.— T his rate is attained in the hand- 
driven instrument by turning the hand wheel 
120 rpm. Since the testing rate of both types 
of instruments may be changed by air trapped 
in them, care should be used to exclude air when 
the diaphragms or gages are changed. 

{d) Reading Pressure Gage . — A maxi- 
mum reading pressure gage, with a dial 
preferably 5 or more inches in diameter 
for indicating bursting pressures in 
pounds per square inch with the follow- 
ing accuracy: 


Pressure, psi. Accuracy, psi. 

10 or less ....... 0,25 

11 to 45, inch ...... 0.5 

46 to 100, incl ....... 1.0 

101 to 200, inch 2.0 

Calibration of Apparatus 

4. The pressure gage shall be cali- 
brated, while inclined at the same angle 
at which it is used during tests, by 
means of a dead- weight gage tester of 
the piston type, or by means of a column 
of mercury. During calibration, the 
pressure shall be applied as specified in 
Section 3 (c) (Note). Gages in fre- 
quent use should be calibrated monthly. 
If a gage is accidentally used “over 
capacity,’’ it should be calibrated be- 
fore using again. 

Note 1. — The rate of applying the pressure, 
can be regulated by means of the valve on the 
dead-weight tester. The regulation is facili- 
tated by providing the valve with a liner stop. 
Unless the speed of building up the pressure in 
the testing instrument is too high, it is prob- 
ably not very important to take account of it 
in the calibration. 

Test Specimens 

5. The test specimens shall be the 
equivalent of a sufficient number (at 
least 10) of sheets of paper each at least 
2.5 by 2.5 in., to allow for making the 
number of tests required in Section 6. 
They shall be representative of the 
sample obtained according to the Stand- 
ard Method of Sampling Paper and 
Paper Products (A.S.T.M. Designation: 
D 585).^ 

Procedure 

6. (a) The test shall be made in an 
atmosphere conditioned according to the 
Standard Method of Conditioning Paper 
and Paper Products for Testing (A.S. 
T.M. Designation: D 685),* and after 
the specimens have reached equilibrium 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S, T.M, Designations at front of book. 
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in the specified atmosphere. The gage 
used for measuring the bursting pres- 
sure shall be such that the individual 
readings will be not less than 25 and 
not more than 75 per cent of the total 
capacity of the gage. Therefore, unless 
the approximate strength of the paper 
under test is known, preliminary tests 
should be made to determine the re- 
quired capacity of the gage. 

(1^) The specimen shall be clamped 
securely in position, and the hydro- 
static pressure applied as specified in 
Section 3(c) until the specimen ruptures. 
The maximum indication registered by 
the pressure gage shall be recorded. 
The undamped margin of the specimen 
shall be watched carefully for any 
movement. If slippage is indicated, 
the test value shall be discarded and the 
clamping pressure increased for the 
remainder of the tests. At least ten 
tests shall be made using as many of 
the sheets comprising the test specimen 
as possible. In one half of the tests, 
pressure shall be applied to the wire 
side of the paper, and, in the other half, 
to the felt side. 


(c) No tests shall be made in water 
marks, or areas containing creases, 
imperfections, or visible damage. After 
each test the indicator needle of the 
gage shall be returned gently to zero. 

Report 

7. The report shall include the fol- 
lowing: 

(a) Test results, corrected for gage 
error and reported to three significant 
figures, as maximum, minimum, and 
average bursting strength in pounds per 
square inch, 

(5) The range of the scale of the 
pressure gage used, and 

(c) The number of tests made. 

Reproducibility 

8. Results of tests made on different 
samples from the same shipment, or on 
different apparatus should be expected 
to agree within 5 per cent, except for 
tissues or other weak papers with a 
breaking strength of 5 psi. or less. 
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Standard Method of Test for 
CASEIN IN PAPER (QUALITATIVE) ^ 



A.S.T.M, Designation; D 587 -- 42 
Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 587; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method covers a qualitative 
test for casein in paper. It is applica- 
ble only to papers in which the amount 
of casein is relatively large, for example, 
mineral-coated papers in which casein 
is commonly used as the binder. It is 
not applicable to papers containing such 
small amounts of casein as may be used 
in the beater furnish as a constituent of 
the engine sizing, etc. 

Reagents 

2. (a) Sodium Hydroxide Solution 
(1 per cent), 

(b) Nitric Acid {sp. gr, 1A2), 

(c) Milton’s Reagent , — Dissolve 20 g. 
of pure mercuiy in 40 g. of c.p. HNO3 
(sp. gr. 1.42) and dilute to 180 ml. with 
distilled water. 


^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A-S.T.M. 
Committee I) -6 on Paper and Paper Products, 

® Prior to adoption as standard, this method was 
published as tentative from 1940 to 1942. 


Test Specimen 

3. The specimen shall consist of 
about 0.5 g. of paper, cut into small 
pieces, and so selected as to be repre- 
sentative of the sample. 

Procedure 

4. Boil the specimen several minutes 
in a test tube with 10 ml. of NaOH 
(1 per cent). (The NaOH is required 
to dissolve casein that has been hardened 
by formaldehyde or other agent.) Filter 
oJff the aqueous extract, cool to room 
temperature, add a suitable indicator, 
such as phenolphthalein, and exactly 
neutralize with HNO3 (sp. gr. 1.42). 
Add several milliliters of the Millqn’s 
reagent. Upon heating, the presence 
of casein is indicated by the development 
of a red coloration (Note). 

Note. — This reaction is dependent on the 
presence of tyrosine which occurs In casein to 
the extent of approximately 5 per cent, but has 
been reported in only rare instances as occur- 
ring in animal glue and gelatin, and then only 
in doubtful traces. 
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Standard Method of Test for 
ALPHA-, BETA-, AND GAMMA-CELLULOSE IN PAPEIA 



A.S.T.M. Designation: D 588 - 42 

Adopted, 1942.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 588; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test covers 
the procedures for determining alpha-, ^ 
beta-, and gamma-cellulose, the three 
fractions into which cellulose can be 
separated analytically, as follows: 

Alpha- Cellulose. — Alpha-cellulose is 
taken as the fraction that can be filtered 
out of a mixture consisting of the fibrous 
material and sodium hydroxide solution 
(7.3 per cent) of maximum dissolving 
power, after the fibers have previously 
been swelled with sodium hydroxide 
solution (17.5 per cent). After separa- 
tion, the alpha-cellulose is determined 
either by drying and weighing, or volu- 
metrically by oxidation with potassium 
dichromate. Both methods for alpha- 
cellulose are capable of the same repro- 
ducibility and give practically the same 
values. In the volumetric method, no 
moisture or ash determinations are made 
and a much smaller sample is used, 
resulting in a shorter and more rapid 
procedure. 


^ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D'6 on Paper and Paper Products. 

* Prior to adoption as standard, this method was 
published as tentative from X940 to 1942. 


Beta - Cellulose . — Beta - cellulose is 
taken as the fraction that precipitates at 
room temperature (15 to 35 C.) after 
the filtrate has been acidified, and is 
determined by the volumetric method. 

Gamma- Cellulose. — Gamma-cellulose 
is taken as the fraction that remains in 
solution after removing beta-cellulose, 
and is determined by the volumetric 
method. 

(b) The method of separating the 
alpha-cellulose from the other two frac- 
tions is intended primarily for’ papers 
made from rags or chemical wood fibers. 
If information is desired as to the 
applicability of the method to papers 
containing large amounts of lignin, such 
as newsprint, reference should be made 
to the original literature® for details of 
technique. 

Apparatus 

2. The apparatus shall consist of the 
following: 


* H. F. Launer, “Simplified Volumetric Determination 
of Alpha-, Beta-, and Gamma-Cellulose in Pulps and 
Papers,” Journal of JRweafcif, Nat. Bureau Standards, 
Vol. 18, No. 3, p. 333 {imf {Research Paper 979)\ also 
H, F. Launer, “Volumetric Determination of Alpha-, 
Beta-, and Gamma-Cellulose in Pulps and in Papers Con- 
tainir^ Sizing, Filler, and Other Materials,” Journal of 
Research^ Nat. Bureau Standards, Vol, 20, No. 1, p. $7 
(1938) (Research Paper 1068). 
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(a) \Grmder,--- A Koemei^ 01 equiva- 
lent t 3 rpe ^ grinder that will completely 
disintegrate the paper without heating 
or, contaminating it. 

(b) 'A device with which uni- 
form mixture of the ground material 
can be secured* A mixer is easily con- 
structed by fitting a crock or bell jar, of 
approximately equal diameter and depth, 
with a wooden lid through which runs 
the shaft of an electric fan, vanes being 
properly placed to produce turbulence. 
Mixing for 20 to 40 sec. at full speed 
normally suffices; longer periods result 
in separation of the light material 
from the heavy. 

(c) Bath . — A water bath that can be 
maintained at 20 ± 0.1 C. 

(d) Electrometric Titration Apparatus. 
— For the estimation of dichromate, an 
indicator may be used as described in 
Section 3 {e)y but for rapid, accurate 
analysis, an electrometric apparatus 
is recommended. Any ordinary potenti- 
ometric circuit with a platinum wire 
electrode and crude calomel half cell is 
suitable. More simply, a nichrome 
wire may be substituted for the calomel 
half cell . The nichrome wire is prepared 
for use by heating momentarily to 
bright redness, and then scraping the 
surface clean with a knife. The potenti- 
ometric arrangement may consist of a 
galvanometer with a sensitivity of 0.5 
to 1 microampere per millimeter scale 
division, a dry cell, and a sliding-contact 
rheostat having a total resistance of 
approximately 400 ohms. Smaller rheo- 
stats will suffice but they drain the dry 
cell more quickly. The simplest form 
of the apparatus is shown in Fig. 1. 
The large deflection at the end point is 
unmistakable from possible slow creeping 
during the titration. The galvanometer 


* The Koerner type of grinder is described in a paper 
by J. O. Burton and R. H. Rasch on “The Determination 
of the Alpha-Cellulose Content and Copper Number of 
Paper,’* Journal of Research, Nat. Bureau Standards, 
Vol. 6, No. 4, p. <503 (1931) (ResearrA 2P5) . 


is adjusted to zero by varying the re- 
sistance at the beginning of the titration. 

Reagents 

3. (a) Sodium Hydroxide Soluiim 
{17.5 per cent, 5.24 N ). — Mow a 50 per 
cent solution of c.p. NaOH to stand 
about 1 week in a stoppered vessel to 
permit settling of Na 2 C 03 . Draw off 
2.00 mi. of the supernatant liquid with 
a pipette, add about 50 ml. of distilled 


( \ Sf/rr/ng 


Mercury- 


Plofinum' 


-'Nichromd 
Wire 


Wdeaker 


Gafvanomefer 




Rheostat - 400 Ohms 
Dry Ce/A.. 




Fig. 1.— Electrometric Titration Apparatus. 

water and 1 ml. of 1.5 N BaCb to lessen 
the effect of CO 2 on the end point, and 
titrate with standard 1 N HCl, using 
phenolphthalein as indicator. Knowing 
the approximate normality of the con- 
centrated NaOH, dilute it with distilled 
water to 5.24 zt 0.05 iV, checking the 
diluted NaOH by titrating 10.00 ml. 
of it as before, and diluting further, If 
necessary, to obtain the normality 
specified, which will correspond to 17.5 
dz 0.2 per cent 
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(J) Potassium Dichromate Solution — 
Dissolve 90.0 g. of c.p., oven-diy 
(100 to 105 C.) K^GraO? in hot water 
(70 to 90 C,), and dilute to 1 liter after 
allowing the solution to cool. 

(c) Ferrous Ammonium Sulfate Solu- 
tion,— Dissolve 195 g. of c.p. Fe(NH4)2 
(S04)2*6H20 in water containing 10 ml. 
of H2SO4 (sp. gr. 1.84) and dilute to 1 
liter. If the solution is kept out of 
contact with oxygen, by means of a 
slow, continuous stream of hydrogen, 
for example, its strength will remain 
quite constant. The amount of hydro- 
gen thus used is about one fifth of a 
200-cu. ft. cylinder per year. This 
precaution is not necessary, but reduces 
the frequency with which the potassium 
dichromate - ferrous ammonium sulfate 
ratio must be determined from once 
each day to two or three times a month. 

(d) Acetic Acid Solution for Gram- 
metric Procedure , — Prepare a solution of 
acetic acid approximately 10 per cent 
by weight. 

{e) Dichromate Indicator , — If electro- 
metric apparatus (Section 2 (^^)) is not 
available, dissolve 0.3 g. of barium 
diphenylamine sulfonate and 0.5 g. of 
Na2S04 in 100 ml. of water. Use 5 to 
10 drops in a solution sufficiently dilute 
for good observation of the end point, 
which is shown by a change from red to 
green. As an alternative, the outside 
indicator, K3Fe(CN)6 solution, may be 
placed in drops upon white porcelain. 
The end point occurs when a drop of 
the solution being titrated turns a drop 
of the indicator blue. 

(f) Barium Chloride (1,5 N),- — Dis- 
solve 37 g. of BaCl2*2H20 in water and 
dilute to 100 ml. 

(g) Sulfuric Acid (24 i^). -—-Cau- 
tiously add three volumes of c.p. H2SO4 
(sp. gr. 1.84) to two volumes of water in 
a heat-resistant flask, cool by tap water, 
and add the acid in small portions, shak- 


ing after each addition. The acid will 
then be approximately 72 per cent by 
weight. 

(h) Sulfuric Acid (6 N ). — Dilute 1 
volume of the 24 N H2SO4 (Paragraph 

(g) ) to 3.5 volumes in a graduated 
cylinder. After mixing, standardize 
against the 5.24 N NaOH (Paragraph 
(a)) and then dilute to 6.0 ± 0.1 N, 

Test Specimen 

4. The test specimen shall be cut 
from the sample in such a way as to be 
thoroughly representative. It shall be 
reduced to cotton-like form in the dis- 
integrator and then thoroughly mixed. 
If the paper is mineral-coated, the 
coating shall be removed before grinding. 

Alpha-Cellulose 

Volumetric Method^ 

Procedure 

5. (a) Perform all operations (except 
the weighing described in Paragraph 

(h) ) and keep all liquids, as nearly as 
possible, at 20 db 0.1 C. 

(h) Weigh 0.3 db 0.01 g. of the speci- 
men in a lOO-ml. beaker. Add 20,0 
ml. of NaOH (17.5 per cent), macerate 
until the fibers are uniformly wet and 
dispersed, and let stand 10 min. from 
the time of addition of NaOH. Then 
add 33 ml. of water, stir the mixture 
thoroughly, and let stand 1 hr. longer, 
stirring once during the interval. After 
stirring once more, pour about 5 ml. of 
the unsettled mixture on an 80-mesh 
copper or brass wire screen fitted into a 
Gooch crucible. The crucible and ring 
are supported by a funnel fitted into the 
neck of a 100-mL volumetric flask with 
a rubber stopper through which passes 
a glass tube for suction. Form a mat 
with gentle suction (pressure differential, 
10 to 20 mm. of mercury). Avoid 
excessive packing of the fibers, as this 
retards filtering. It may be necessary 
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to refilter the first filtrate, but loss of 
small amounts of alpha-ceUulose to the 
filtrate does not affect the results ap- 
preciably. Pour the remainder of the 
mixture on the mat and, before the last 
of the liquid has run through, wash the 
beaker and the mat with 35 ml. of water, 

(^) Moisten the residue of alpha- 
cellulose with water and remove it from 
the crucible. Place the crucible upright 
in a 400-mL beaker, fill it with 25 ml. of 
24 N H 2 SO 4 at room temperature, and 
rinse it after a few minutes with 50 ml. 
more of the acid. Disintegrate the 
alpha-cellulose pad in the acid, using a 
stirring rod. Add to the alpha-cellulose 
solution, with a pipette, 25.00 ml. of 
the K 2 Cr 207 , and heat at 140 to 150 C. 
for 10 min. Bubble air in a fine stream 
through the solution to prevent bump- 
ing, and keep the beaker covered with 
a watch glass, notched to permit entrance 
of a thermometer and the bubbling 
tube. 

(d) After the solution has cooled to 
130 C., add 50 ml. of water, rinse the 
thermometer, etc., and cool the solution 
to 60 C. or lower. Titrate the remain- 
ing K 2 Cr 207 with the ferrous ammonium 
sulfate solution. 

(e) Pipette exactly half of the filtrate 
from the alpha-cellulose, after all fibers 
present have settled, into a 400-mL 
beaker containing 5 .0 ml. of K 2 Cr 207 . If 
the paper contains oxidizable fillers such 
as ZnS pigment or CaSOs, filter the 
filtrate once through a thick pad of 
asbestos in a Gooch crucible before 
taking the portion for analysis, (Such 
fillers remaining with the alpha-cellulose 
may cause some error, but this is usually 
slight.) Cautiously, while stirring con- 
stantly, pour 50 ml. of H 2 SO 4 (sp. gr. 
1.84) down the side of the beaker con- 
taining the portion of the filtrate for 
analysis, then heat and titrate as de- 
scribed previously for the alpha-cellulose 
solution. 


Calculations 

6. (fl) Calculate the percentage of 
alpha-ceUulose from the following Eqs. 
1, 2, and 3, except that when resin, 
starch, or glue are present, corrections 
shall be made in accordance with Para- 
graph (S). 

A « 25 - (yi X r). .. . . . . .. (1) 

J5«2X(5-f;2Xr).......(2) 

A 

Alpha-cellulose, per cent = - — — — X 100 . . (3) 
A -T 

where: 

A = milliliters of K 2 Cr 207 re- 
quired to oxidize the 

alpha-cellulose, 

B = milliliters of K 2 Cr 207 re- 
quired to oxidize the 

filtrate, 

and ??2 = milliliters of ferrous am- 
monium sulfate required 
for titration of the 
K 2 Cr 207 remaining after 
oxidation of the alpha- 
cellulose and filtrate, re- 
spectively, and 

r = volume of K 2 Cr 207 equiva- 
lent to 1 ml. of ferrous 
ammonium sulfate solu- 
tion (determined fre- 
quently by titrating 5 ml. 
of K 2 Cr 207 in 100 ml. of 
diluted H2SO4 (1:1)). 

{b) If resin, starch, or glue are pres- 
ent, the K 2 Cr 207 volumes shall be cor- 
rected as follows before calculating the 
percentage of alpha-cellulose: The 
amounts of sizing materials remaining 
with the alpha-cellulose are taken as 0.25 
per cent glue, 0.2 per cent starch, and 
0.2 per cent resin, based on the dry 
weight of the sample (Note 1). Con- 
vert these values into weights, and then 
into milliliters of the K 2 Cr 207 solution 
by dividing each weight by the corre- 
sponding factors, which are 0.0154 g. per 
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ml. for glue, 0.0129 g. per ml. for starch, 
and 0.0066 g. per ml. for resin. Sub- 
tract the resulting volumes in milliliters 
of the KffiCiaOT solution from the vol- 
umes of KgCrsOT consumed by the alpha 
fraction and by the beta-plus-gamma 
fractions, and substitute the corrected 
values in Eqs. 1 and 2 (Note 2). 

Note 1.~— These are average values but 
actual amounts have been found to vary not 
more than 0,1 per cent from them, irrespective 
of the content of glue, starch, or resin in the 
papers. For example, if a paper were found to 
contain 3.4 per cent glue, 0,7 per cent starch, 
and 1.1 per cent resin; then the sizing materials 
remaining in the beta-plus-gamma portion 
would be 3.15, 0.5, and 0,9 per cent, respectively. 

Note 2. — The original literature should be 
consulted if the analyst is in doubt as to the 
further details of these calculations. 

Gravimetric Method {Alternative) 
Procedure 

7. (a) Allow the specimen to come to 
moisture equilibrium with the atmos- 
phere of the balance case. Weigh, to 
the nearest milligram, 1.5 g. of the speci- 
men for the alpha-cellulose determina- 
tion. Weigh at the same time samples 
for the moisture and ash determinations, 
and also for those determinations of 
components other than cellulose as may 
be found necessary for calculation of the 
total cellulose content, such as fillers 
and sizing materials. 

(J) Perform all operations and keep 
all liquids, as nearly as possible, at 
20 ± 0.1 C. 

(c) Add 100 ml. of NaOH (17.5 per 
cent) to the sample in a 400-mL beaker. 
Macerate until uniformly wet and dis- 
persed, and let stand 10 min. from the 
time of addition of NaOH. Dilute 
with 165 ml. of water, stir the mixture 
thoroughly, and let stand 1 hr. longer, 
stirring once during the interval. After 
stirring once more, pour the mixture 
upon a medium-weight cotton cloth cut 
to fit a 7.5-cm. Biichner funnel, the cloth 
having been previously washed, and the 


fitted piece dried to constant weight at' ^ 
100 to 105 G. and weighed in a weighing 
■ bottle before use. Remove by reMtra- 
tion any fibers passing through the filter. 
Before the last of the liquid has run 
through, add water, break up the pad 
well with a pointed stirring rod, and 
keep it in a loose condition until 200 ml. 
of wash water have passed through. 
Then cover the alpha-cellulose with 
acetic acid (10 per cent) and allow to 
soak for 5 min., after which pass an 
additional 500 ml. of wash water through 
while breaking up the pad with a pointed 
stirring rod. 

{d) Dry the alpha-cellulose on the 
cloth in the original weighing bottle 
overnight at 100 to 105 C,, cool, and 
weigh. Determine the ash content and 
correct the weight accordingly. The 
sizing materials, if any, remaining with 
the alpha-cellulose are taken as 0.25 
per cent glue, 0.2 per cent starch, and 
0.2 per cent resin, based upon the dry 
weight of the test specimen, and the | 
corresponding weights subtracted from 
the total. 


8. The percentage of alpha-cellulose 
shall be based upon the total cellulose ; 
including pentosans, but excluding mois- 
ture, ash, resin, or any sizing or other 
added nonfibrous materials. All deter- 
minations of alpha-cellulose shall be 
made in duplicate, the results of which 
shall agree at least within 0.4 per cent of 
the dry weight of the sample, and the 
average shall be expressed to the nearest 

1 per cent, J 

■ 

Note. — ^Tbe precision of the volumetric 
method is much greater than these requirements 
would indicate. It is felt, however, that the 
average value of two detemainations which 
differ by 0.4 when expressed as a percentage, 
adequately represents the specimen as prepared 
for testing. When, however, a given specimen 
is ground and tested in different laboratories, 
greater^ disagreement may arise, due to the 
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differences in freeness and extent of fibrillation 
of tbe fibers on the one hand, and individual 
differences in analysts on the other, added to , 
the lack, of perfect uniformity of the test speci- 
men, and ordinary, errors in analysis. There- 
fore,, the reporting of , alpha-cellulose values to 
the 'nearest 1 per cent is more . compatible with 
experience, and is sufficient,,, for the practical 
usefulness of the value. The .same remarks 
apply ,to beta- and gam,ma-celluIose values.. 

• Beta- and Gamma-Cellulose 
,P rocediire, 

9. Use the remainder : of the filtrate 
from the volumetric alpha-cellulose pro- 
cedure (Section -5) for this determina- 
tion, Acidify with 15 to 16 ml. of 6 N 
H 2 SO 4 and, ' after cooling, dilute' the 
mixture to 100 ml., pour into a cylinder, 
and let stand at room temperature until 
the beta-cellulose has settled, which is 
usually overnight. Then remove SO ml. 
of the supernatant liquid, oxidize, and 
titrate as before. 

Calctilations 

10. (a) Calculate the percentage of 
gamma-cellulose by substitution in the 


following Eq..4, after applying correc- 
tions for any glue and starch, but not 
resin,, in the same manner as described' 
for the alpha-cellulose in Section 6 ( 6 ). 

4C 

Gamma-cellulose, per cent » - x 100.(4) 

A -T B 

where: 

C = ■milliliters of KtCriOr required 
’ to oxidize the gamma-eeEu- 
■lose, '■' ,' 

A == miliiHters of KsGrsO? required to 
oxidize the, alpha-ceEuiose 
.(Eq.,1), and,' ,, 

B = milliliters of K 2 C,r 207 required to 
.,, oxidize, .the filtrate (Eq.. 2),.,„ 
(b) Calculate the percentage of beta- 
cellulose by subtracting the sum of the 
percentages of alpha-cellulose and 
gamma-cellulose from 100 . 

Report 

,11. Beta-cellulose and gamma-cellu- 
lose shall be reported on the same basis 
as prescribed for alpha-cellulose in 

Section 8. 
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Standard Method for 

QUANTITATIVE DETERMINATION OF COATING 
ON MINERAL-COATED PAPERS 



A.S.T.M. Designation: D 687 - 44 

Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 687; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for the quantitative determination of 
the coating on the ordinary types of 
mineral-coated paper, in which casein 
(or other proteins) or starch, is the 
adhesive. It is not intended for testing 
special types of coated paper, in which 
lacquers, varnishes, or similar materials 
are used. 

Reagent 

2. Enzyme Solution , — ^Prepare an 
aqueous solution containing approxi- 
mately L5 g. of a suitable enzyme 
(Notes 1 and 2) and 25 ml. of 0,1 N 
NaOH per liter. 

Note L — ^The enzyme recommended by 
Sutermeister and Porter^ is trypsin, but some of 
the mixtures of enzymes used commercially 
for desizing cotton and degumming silk have 
been found to be more rapid in action, less 
expensive, and more stable.*^ 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee I)-6 on Paper and Paper Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 

*E. Sutermeister and L. W. Porter, “New Wrinkles 
in Paper Testing,” Technical Association Techni- 

cal Assn. Pulp and Paper Industry, Series Xllt, Vol. 1, 
p. 206 (1930E 

* The preparation “Degoma D, L.,” made by Rohm & 
Haas Co., 222 W, Washington Square, Philadelphia 5, Pa., 
is particularly suitable. 


Note 2. — While an enzyme may not be 
essential if starch is the only adhesive used, it 
will not interfere with the removal of the coating 
in such cases, and it is essential where casein is 
the binder. 

Test Specimens 

3. The test specimen shall be cut 
from the sample in such a way to he 
thoroughly representative of the paper. 
The specimen shall consist of a sheet 
of the paper not less than 25 sq. in. 
in area. 

Test Conditions 

4. All test specimens shall be brought 
to a standard condition, prior to testing, 
in accordance with the Standard Method 
of Conditioning Paper and Paper 
Products for Testing (A.S.T.M. Designa- 
tion: D 685) of the American Society for 
Testing Materials.® Measurement and 
weighing of the specimens shall be done 
under the standard atmospheric 
conditions. 

Procedure 

5. (a) Measure the area of the test 
specimen with an accuracy of plus or 
minus 0.5 per cent. (If the test speci- 

« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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men is 5 by 5 in., this requires measuring 
the length and width to the . nearest 
0,025 in. (about -h in.) .) Weigh the test 
specimen with an accuracy of plus or 
minus 0.5 per cent. (For lightly coated 
papers, this requires weighing to the 
nearest 0.005 g.; for heavily coated 
papers, it may require weighing only to 
the nearest 0.05 g.) From these data, 
calculate the basis weight of the paper 
according to the Standard Method of 
Test for Basis Weight of Paper and 
Paper Products (A.S.T.M. Designation: 
D 646) of the American Society for 
Testing Materials.® 

(5) Lay the specimen in a flat-bot- 
tomed tray, preferably of glass, with the 
coated side of the specimen up. Cover 
the specimen completely with the enzyme 
solution and allow to stand at least 
1 hr. at 50 C. If the paper is coated 
on both sides, pour off the enzyme 
solution, reverse the specimen in the 
tray, re-cover with the enzyme solution, 
and again allow to stand for at least 
1 hr. at 50 C. Remove the test speci- 
men from the enzyme solution, lay it on 
a plane glass surface, and brush off 
the coating, using a camel’s hair brush 
and taking care not to dislodge paper 
fibers. Additional treatment with the 
enzyme solution and heating may be 
required for very resistant coatings. 

(^;) After the coating appears to be 
entirely removed, stand the glass pane 
with the test specimen on it at a slight 
angle and, using a wash bottle, wash 
each side of the specimen with water 


while it is held against the glass by one 
corner. When the specimen appears to 
be thoroughly washed, dry it at room 
conditions, then allow it to come to 
equilibrium with the standard atmos- 
phere, and again weigh with an accuracy 
of plus or minus 0.5 per cent. The 
difference between the weights of the 
coated and decoated specimens is the 
amount of coating material. 

Report 

6. The report shall include the fol- 
lowing: 

(i) The amount of coating expressed 
as a percentage by weight of the condi- 
tioned paper, 

{2) The amount of coating expressed 
as pounds per standard ream of 500 
sheets, 25 by 40 in. in size,® of the condi- 
tioned paper, and 

(J) The weight of the de-coated, 
conditioned paper on the same weight 
basis as Item (2), 

Precision 

7. Because of the variable nature of 
coating materials, the precision of the 
results obtained by this method may 
vary. With most ordinary types of 
coating, the percentage of coating ma- 
terial found should be correct to within 
0.5 to 2.0. 

« The results based on this standard ream can be readily 
converted to any trade custom ream desired by means of 
the calculations described in the Standard Method of 
Test for Basis Weight of Paper and Paper Products (AS. 
T.M. Designation: D 646), which appears in this publica- 
tion, see Contents in Numeric Sequence of A,S.T,M, Des- 
ignations at front of book. 
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Standard Method of 


CONDITIONING 


PAPER AND PAPER PRODUCTS 
FOR TESTING' 



A.S.T.M. Designation: D 685 - 44 
Adopted, 1944.^ 

sSri® f, b of foffo". •»' ff-" ”< “ 


Scope 

1. This method covers the procedure 
for conditioning specimens of paper and 
paper products prior to testing. 

Note.— The procedure for conditioning 
soecdmens of container grades of papertoard, 
c^gated board and soHd fiberboard, and con- 
tainers made from such grades 
covered in the Standard Method of Condi- 
tioning Paperboard, S Tm' 

board Containers for Testing 
Designation: D641) of the Amencan Society 
for Testing Materials.^ 


Standard Condition 

2. Standard condition shall be that 

obtained in a circulating atmosphere 
maintained at a relative humidity of 
SO rfc 2 per cent and a temperature oi 
23 db 2 C. (73 ± 3.5 F.) (Note), except 
that the variation in temperature alone 
shall not be of such magnitude as ^to 
cause a variation in relative humidity 
greater than that specified. 

Note — ^F or very precise work, closer limits 
on relative humidity and temperature may be 
necessary. 


’lUnder the standardization procedure ofTh^ 

this method is under the 

m method was pub- 

tiS pStofoa, .s’^Contente m^eric 

Sequence of A.S.T-M. Designations at front of hook. 


Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Preconditioning Equipment* 
desiccator or other suitable means for 
reducing the moisture content of the 
specimens before conditioning in accord- 
ance with Section 6. 

(&) Conditioning Room.— A condi- 
tioning room or chamber that can be 
accurately controlled to a relative 
humidity of 50 ± 2 per cent and a 
temperature of 23 rt 2 C. (73 dz 3.5 F.). 

(c) Psychrometer—Eithei a sling 
psy chrome ter, or a stationary t3T® 
psychrometer having the air circulated 
over the thermometer bulbs me- 
chanically. 

Note.— I t is preferable to draw the air over 
the thermometer bulbs rather than to blow it 
over them, as, in the latter case, the heat of the 
fan causes errors in the readings. 

(d) Thermometers*— It is recom- 
mended that the thermometers conform 
approximately to the following require- 
ments: Range, 0 to 50 C. (32 to 122 F.); 
graduation, 0.2 C* (0.5 F.). They 
should be matched to within 0.1 C. 
(0.2 F.) throughout the range used. 
Under ordinary conditions, an error of 
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Wet -bulb Temperoture, deg. Cent. 



Dry -bulb Temperature, deg. Fahr. 


Fig. 1.— Psychrometric Chart for Determining Relative Humidity. 


Note. — ^This psychrometric chart provides a convenient means for determining the relative humidity (in the neighbor- 
hood of SO per cent relative humidity and 23 C, (73 F.) temperature) from readings of a ventilated wet- and dry -bulb 
psychrometer. Permissible temperature and relative humidity conditions lie within the solid-line parallelogram. The 
chart is based on a barometric pressure of 760 mm. (30 in.) of mercury. For each 900 ft. above sea level add 0.5 to 
the percentage relative humidity. ^ ^ , rr,, 

Example.— ^ry-bulb temperature, 24.2 C.; wet-bulb temperature, 17,5 C.; elevation, 1700 ft. above sea level. The 

corresponding relative humidity is 51 (from chart) + ^ cent. 


1 per cent in the relative humidity de- 
termination corresponds to an error of 
approximately 0.1 C. (0.2 F.) in the 
wet-bulb depression. 

Calibration of Thermometers 

4. The thermometers used for deter- 
mining humidity and temperature 
(Note) shall be accurately calibrated by 
comparison with certified standard ther- 
mometers, and any corrections found 
necessary applied to the readings. 


Determination of Relative Humidity 

and Temperature 

5. (a) Determine the relative humid- 
ity of the conditioning atmosphere by 
means of either a sling psychrometer or 
a stationary type of psychrometer. In 
both cases, the circulation of air around 
the thermometer bulbs should be at the 
rate of not less than 3 m, (10 ft.) per 
sec., and the exposure not less than 
60 sec., before the readings are taken. 
When the sling type psychrometer is 
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used, make the readings, especially of 
the wet btilb, as quickly as possible 
after bringing it to rest. 

(b) From the wet-bulb and dry-bulb 
readings, determine the relative humid- 
ity from the psychrometric chart shown 
inFig.. 1.' 

Note.— The wet-buib temperature, Ttct in 
degrees Fahrenheit corresponding to a relative 
humidity of 50 per cent at a given air tempera- 
ture, I, in degrees Fahrenheit (dry-bulb), and a 
given barometric pressure, in inches of 
mercury, may be calculated as follows: 

« 0,827/ 4- 0.72 - OJS (30 B) . 
Procedure 

6. (a) Suspend each test specimen so 
that the conditioning atmosphere will 
have free access to all its surfaces. 
Means shall be provided for so circu- 
lating the air of the conditioning and 
testing chamber that its humidity and 
temperature will be uniformly main- 
tained. The conditioning time shall be 
sufficient for the moisture content of 
the specimen to attain equilibrium with 


the conditioning atmosphere, as deter- 
mined by ' conditioning to constant 
weight by accurate weighings’ at inter- , 
vals of not less than, 30 min. (Notes 
1 and 2). 

Note 1. — ^With good circulation, a condition- 
ing period of 4 hr. is usually sufficient for papers 
of ordinary weight and composition, but some 
hard-sized papers, boards, and water-resistant 
specialties may require 24 hr. or longer. 

Note 2.-— After the test specimens are condi- 
tioned, they should be handled as little as 
possible and not breathed on. 

(b) For work of such precision that 
the hysteresis in the equilibrium mois- 
ture content may lead to an appreciable 
error, the moisture content equilibrium 
under standard conditions shall be 
approached from a drier state by first 
reducing, if necessary, the moisture con- 
tent to less than half the value under 
standard conditions, and then condi- 
tioning under standard conditions. F or 
that purpose, the specimens may be 
dried in a desiccator or by other con- 
venient means, provided the temperature 
does not exceed 60 C. (140 F.). 



Standard Method of 

CONDITIONING PAPERBOARD, FIBERBOARD, AND PAPER- 
BOARD CONTAINERS FOR TESTING' 



A.S.T.M. Designation: D 641 ~43 
Adopted, 1943.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 641; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for conditioning specimens of container 
grades of paperboard, corrugated board 
and solid fiberboard, and containers 
made from such grades of paperboard, 
prior to testing. 

Standard Condition 

2. Standard condition shall be that ob- 
tained in a circulating atmosphere main- 
tained at a relative humidity of 50 db 2 
per cent and a temperature of 73 zt 2 F., 
except that the variation in temperature 
alone shall not be of such magnitude as 
to cause a variation in relative humidity 
greater than that specified. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Drying Oven. — h drying oven, 
electric or other suitable type, of suffi- 


i Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-<5 on Paper and Paper Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1941 to 1943. 


cient size and capacity to permit the pre- 
conditioning of the specimens to a 
moisture content below that which will 
be attained by the later conditioning. 

{b) Conditioning Room. — condition- 
ing room or chamber which can be ac- 
curately controlled to a relative humidity 
of 50 ± 2 per cent and a temperature of 
73 ± 2 F. 

Procedure 

4. (a) Each specimen to be tested shall 
first have its moisture content initially 
reduced, if necessary, so that when it is 
exposed to the standard condition, its 
moisture content will approach its equi- 
librium condition by taking on moisture 
from the atmosphere. This shall be ac- 
complished by exposing the specimen in 
a hot room or preconditioning room, the 
temperature and humidity of which are 
such as to cause the specimen to give off 
moisture. The duration of exposure in 
the preconditioning room shall be such 
that the moisture content of the speci- 
men when removed from the room is 
below the moisture content which will 
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result after exposure in the constant 
humidity room. 

(6) Each specimen shall then be so ex- 
posed that the circulating air at the 
standard condition will have free access 
to all its exterior surfaces. 

(c) The minimum time of exposure of 
the specimen in the standard condition- 
ing atmosphere before it is tested shall be 


5 hr. for specimens of paperboard, cor- 
rugated board, fiberboard, and unsealed 
boxes; the minimum time of exposure 
for sealed fiberboard boxes shall be 
16hr. 

Report 

5 The moisture content of the speci- 
men at the time of test shall be reported. 



TECHOTCAL ASSOCI4TIOK OF PULP AHD PAPER IlfBUSTEY 
SUGGESTED METHOD T461sm— 46 : 


Standard Method of Test for 

FLAMMABILITY OF TREATED PAPER AND PAPERBOARD* 



A.S.T.M. Designation: D 777 - 46 


Adopted, 1946A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 777; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test for flam- 
mability is applicable to papers and 
paperboards of all types not more than 
^ in. in thickness, that have been 
treated to prevent the spread of the 
flame when ignited. Such papers are 
commonly designated as flameproofed. 

Apparatus 

2, The apparatus shall consist of the 
following: 

io) Metal Frame . — A metal frame 
designed to hold a specimen 2| in. in 
width and in. in length by gripping 
I in. of each long edge in a clamp. 
The specimen with an area 2 by 8| in. 
thus exposed is held with the long axis 
in a vertical position. 

{b) Test Flame.— K test flame supplied 
by a bunsen or Tirril gas burner having 
a tube I in. in inside diameter. 

{c) Stop Watch. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S,T.M, 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was 
published as tentative from 1944 to 1946. 


Test Specimens 

3. The test specimen shall consist 
of a piece of the sample 2| in. in width 
and 8J in. in length. Specimens shall 
be cut in both principal directions of the 
sheet. 

IJrocedure 

4. The test specimen shall be clamped 
in the metal frame with the long axis 
in a vertical position. The testing 
flame shall be adjusted to a height of 

in. with the air supply closed, taking 
precaution to protect it from draft. 
The test flame shall be applied to the 
center of the lower edge of the specimen 
at a level that will make the distance 
from the top of the burner tube to the 
edge of the specimen | in. The test 
flame shall be applied for 12 sec. and 
then withdrawn. The duration of after- 
glow in seconds after removal of the 
flame shall be noted. The height that 
is charred to the extent that it will 
break away readily when crumpled 
between the thumb and forefinger shall 
be measured. Not less than three 
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specimens shaE be tested in each prin- 
cipal .direction, 'of .the ■ sheet. 

Note.— P apers showing an average char 
length of more than 4| in. or a maximum of more 
than 5J ia. for any one specimen are generally 
not classed as flameproof; howeverj it is not 
the intent that this shall constitute a specifica- 
tion for flammability of paper or paperboard. 


Report 

5. The report shall include the fol- 
lowing: 

(/) The average height of the charred 
or burned areas in inches, measured 
from the bottom of the test specimen 
and reported as '^char length/^ and 

{ 2 ) Duration of afterglow in seconds. 


TECHOTCAL' ASSOCIATION' OF PULE AND PAPER IN DUStFt 
STANDAED METHOD T423m-45 


Standard Methods of Test for 
FOLDING ENDURANCE OF PAPERS 



A.S.T.M. Designation: D 643 - 43 


Adopted, 1943 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 643; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. \q) These methods of test for 
measuring the folding endurance of paper 
cover two test procedures, as follows: 

Method A. Schopper Folding En- 
durance. 

Method B. M.I.T. (Massachusetts 
Institute of Technology) Folding En- 
durance. 

(J) The Schopper apparatus is appli- 
cable for testing papers having a thick- 
ness of not over 0.01 in. The M.I.T. 
apparatus can be adjusted for testing 
papers of any thickness. There is no 
constant relation between the values ob- 
tained with the two types of apparatus. 

Method A. S chopped Folding 
Endue ANCE^ 

Apparatus' 

2. The apparatus shall consist of the 
following: 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1943. 

3 For further details of this method reference should be 
made to the following articles: 

F. P. Veitch, C. F. Sammet, and E. O. Read, “Folding 
Endurance of Paper/* Taper 29, No. 12, 13, May 30, 1917. 

W. Herzberg, “Resistance to Folding/* Chemical Ab- 
Vol. 14, No. 2262, July 20, 1920. 

L. W. Snyder and F, T. Carson/ “Calibration and 
Adjustment of Schopper Folding Tester/* Nat, Bureau 
Standards, Technologic Taper ^ No. 357, October IS, 1927. 

“The Schopper Bending Endurance Tester,’* 
laiion Report. No. 23, Inst. Paper Chemistry, Pa TradCt 
Journal 109, No. 5, p. 3S, August 3, 1939. 


{a) Schopper Tester.-— Two horizon- 
tally opposed clamps, approximately 
10 cm. apart, provided with spring ten- 
sion which varies during the folding cycle 
as a slotted folding blade, sliding back 
and forth between creasing rollers, folds 
the paper. The clamps, while in motion, 
shall be freely suspended between the 
tension springs, except that they shall be 
supported from below by rollers. The 
folding blade shall be 0.50 mm. (0.02 in.) 
in thickness, and the edges of the verti- 
cal folding slot shah be cylindrical and 
shall extend somewhat above and below 
the normal position of the test specimen. 
The four creasing rollers, each approxi- 
mately 6 mm. (0.24 in.) in diameter and 
18 mm. (0.71 in.) in length, shah be 
arranged symmetrically about the mid- 
position of the folding slot, and shall pref- 
erably be provided with Jewel bearings. 

{b) Motor . — A means of imparting 
harmonic motion of constant period to 
the reciprocating blade. A power-driven 
apparatus is preferable. 

(c) Counter . — A device for registering 
the number of double folds, which stops 
automatically when the specimen is 
severed. 

Calibration of Apparatus 
3. (a) Test the clamps by fastening a 
specimen in place in the manner de- 
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scribed in Section 7, alternately applying 
and releasing the tension a number of 
times. Then, with tension released, 
note whether the specimen remains 
smooth and straight as originally in- 
serted. Buckling or waviness indicates 
a faulty clamp which will allow the speci- 
men to slip. 

(6) Inspect all rollers for worn sur- 
faces and for bearing friction, and make 
the necessary corrections. Adjust the 
supporting rollers so that they do not 
bind against the clamps in any position. 
With leaf gages inspect the four creasing 
rollers for parallelism and clearances. 
Also, make sure that the two edges of the 
folding slot are parallel with each other 
and with the creasing rollers. Adjust 
the distance between the folding blade 
and the two creasing rollers on each side 
to 0.38 mm. (0.015 in.), and the width 
between rollers of the space occupied by 
the unbent specimen to approximately 
O.S mm. (0.02 in.). As a final test of 
alignment, fold a specimen somewhat 
short of failure and inspect of it for uni- 
formity of wear along the crease. If the 
specimen seems weaker at one end of 
the crease than at the other, faulty 
alignment of the rollers or the folding 
slot is indicated (if the clamps have been 
properly adjusted), which may result in 
low values for folding endurance. 

(c) The roUer friction may be meas- 
ured by means of the bell-crank-lever 
weighing device, as follows: First, set a 
pair of bow dividers to show the displace- 
ment of each clamp when loaded directly 
with 1 kg. TheHj, shift the weighing 
device 90 deg. so as to load a clamp 
through a ribbon passed arotmd one of 
the creasing rollers. Add weights in 
excess of 1 kg. until the direct 1-kg. dis- 
placement is reproduced. This excess 
weight is a measure of the roller friction 
in terms of the increased tension it will 
produce. Repeat the measurement for 


the other three rollers- The excess 
weight required shall not be greater 
than 100 g. 

(d) Adjust the tension spring attached 
to the clamps against a dead-weight load 
so that the tension on the specimen dur- 
in a test is 790 g. when the clamps are 
farthest apart (and when the specimen is 
straight and free) and 1 kg. ± 50 g. when 
they are nearest together. Make adjust- 
ments preferably on the assembled in- 
strument with the aid of a suitable 
weighing device, such as a balanced bell- 
crank lever with knife-edge fulcrums at 
the center of gravity, capable of balanc- 
ing the tension of a horizontal spring 
against the weight of a known mass. 
Fasten a strip of strong paper or cellu- 
loid, about 0.005 in. (0.127 mrn.) in thick- 
ness in the clamps and apply the tension. 
Set a pair of bow dividers (by spanning 
the distance between two suitably placed 
fiducial marks, such as small punch 
marks) to show the displacement of each 
clamp. With a load of 790 g. acting on 
one clamp and spring, adjust the spring 
until this displacement is reproduced. 
Repeat for the other spring. To verify 
the tension at maximum displacement, 
set a pair of dividers to show the dis- 
placement of each clamp when the fold- 
ing blade has pushed the crease in the. 
specimen to the end of its stroke each 
side of the midposition (four measure- 
ments). With the aid of the weighing 
device, load each clamp until this dis- 
placement is reproduced in each case. 
The load required in each case should be 
approximately 1 kg. 

(e) Apparatus in steady use shall be 
adjusted and calibrated at intervals of 
not more than 1 month. 

Sampling 

4. The material shall be sampled in 
accordance with the Standard Method 
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of Sampling Paper and Paper Products 
(A.S.T.M. Designation: D 585) of the 
American Society for Testing Materials.^ 

Test Specimens 

5. Test specimens, 15 db 0.25 mm. 
(0.59 dz, 0.01 in.) in width and 10 cm. 
(4 in.) in length shall be cut accurately 
.from the sample in each principal direc- 
tion of the paper. The specimens shall 
be initially free from folds, wrinkles, or 
blemishes not inherent in the paper, and 
the area in which the flexing is to take 
place shall not contain any portion of the 
watermark. The edges of the specimens 
shall be clean-cut and parallel to. the 
opposite edge. At least 10 specimens 
cut from each principal direction of the 
paper shall be tested. 

Test Conditions 

6. All test specimens shall be brought 
to a standard condition, prior to test- 
ing, in accordance with the Standard 
Method of Conditioning Paper and Paper 
Products for Testing (A.S.T.M. Desig- 
:nation: D 685) of the American Society 
:for Testing Materials,^ and all tests 
.shall be made under standard atmos- 
pheric conditions. 

Procedure 

7. With the vertical slot of the recipro- 
cating blade in its central position, place 
the specimen in the slot and fasten the 
ends firmly and squarely in the clamps 
with the surface of the specimen lying 
wholly within one plane. Handle the 
specimen by the ends and do not touch 
it with the hands in the region which is 
to be folded. Then apply the prescribed 
tension and fold the specimen at a uni- 
form rate of approximately 120 double 
folds per minute until it is severed at 
the crease. Record the number of 
.double folds required to sever the 
specimen. • 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.SXM /Designations at. frq^t 


Report 

■ 8. The number of double folds re- 
quired to sever the specimen shafl. be 
reported as Schopper foldings endurance 
(double folds) and shall include the 
number of tests, and the average, maxi- 
mum, and minimum number of folds for 
each of the principal directions of the 
paper. Specimens tested cut with their 
length in the machine direction of the 
paper shall be designated as “machine 
direction.^' Specimens tested with their 
length cut at right angles to the machine 
direction of the paper shall be designated 
as “cross machine direction.” In report- 
ing average results all digits after the 
first two shall be rounded off to zero. 

Method B. M.I.T. Folding 
Endurance® 


Apparatus 

9. The apparatus shall consist of the 
following: 

(a) MI, T. Tester . — A loading clamp 
constrained to move without rotation 
in a direction perpendicular to the axis 
of rotation of the folding head and hav- 
ing its clamping surfaces in the plane of 
this axis. The load shall be applied 
through a spring attached to the loading 
clamp which shall be easily adjustable to 
provide any desired tension on the speci- 
men from 0 to 1.5 kg. The deflection of 
the spring when loaded shall not be less 
than 17 mm. (0.67 in.) per kg. 

An oscillating folding head which shall 
support two smooth, cylindrical folding 
surfaces parallel to, and symmetrically 
placed with respect to, the axis of rota- 
tion. The position of the axis of rota- 
tion shall be approximately in the com- 
mon tangent plane to the two folding 
surfaces in the conventional design, and 
midway between them. The folding 


s For further details of this method ref erence should be 
made to a paper by L. W. Snyder and F. T. Carson, “A 
Study of the M.I.T. Paper Folding Tester,** Paper Trade^ 
Journal 96^, No- 22, p. 4Q» June i , 1933, 
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head shaE be provided with a clamping 
device back of the axis of rotation and 
so designed that no, clamping pressure is 
exerted nearer than | in. (3.18 mm.) to 
the bending axis. The rotary oscillating 
movement of the folding clamp shall be 
such as to fold the paper through an 
angle of 135 5 deg. to both right and 

left of the position of zero fold. Each of 
the two folding surfaces shall have radius 
of curvature of 0.38 ± 0.015 mm. (0.015 
i 0.001 in.) and a length of not less 
than 19 mm, (0.75 in.). The distance 
separating the folding surfaces shall be 
greater than the uncompressed thickness 
of the paper being tested, but shall not 
exceed it by more than 0.25 mm. 
(0.01 in.). 

(6) Motor. —A motor-driven device for 
imparting a rotary oscillating motion of 
constant period to the folding clamp. 

(c) Counter . — A device for registering 
the number of double folds required to 
sever the specimen. 

Calibration 

10. (u) All working parts of the appa- 
ratus shall be in good condition, well 
oiled, and in proper adjustment. Par- 
ticular care shall be given to make cer- 
tain that the folding edges are free from 
rust or dirt. 

(b) Measure the plunger friction by 
determining the additional load required 
to move the plunger perceptibly when 
displaced under a load of 1.0 kg. or the 
load tension used in testing. The addi- 
tional load required shall not be greater 
than 25 g. 

(c) Measure the change in tension due 
to eccentricity of rotation of folding 
edges as follows: Place a strip of strong 
paper, cut in the machine direction and 
of the proper thickness, in the tester in 
the same manner in which a folding test 
would be made, and apply a tension of 
1.0 kg. or that prescribed for the test. 
Rotate the folding head slowly through- 


out the entire folding cycle and measure 
the maximum change in displacement of 
the plunger to an accuracy of 0.1, mm.v 
(0.004 in.). The. amount of load re- 
quired to produce the same displacement 
shall not be greater than 35 g. Measure 
the curvature of the folding edges by 
comparing suitable casts magnified in 
profile to standard circles. 

(d) Apparatus in steady use shall be 
adjusted and calibrated at intervals of 
not more than 1 month. 

Sampling 

11. The material shall be sampled in 
accordance with the Standard Method 
of Sampling Paper and Paper Products 
(A.S.T.M. Designation: D 585) of the 
American Society for Testing Materials.^ 

Test Specimens 

12. Test specimens 15 zh 0.25 mm. 
(0,59 ± 0.01 in.) in width and at least 14 
cm. (5.5 in.) in length shall be cut accur- 
ately from the sample in each principal 
direction of the paper. The specimens 
shall be initially free from folds, wrinkles, 
or blemishes, and the area in which the 
flexing is to take place shall not con- 
tain any portion of the watermark. The 
edges of the specimens shall be clean- 
cut and parallel to the opposite edge. 
At least 10 specimens cut from each 
principal direction of the paper shall be 
tested. 

Test Conditions 

13. All test specimens shall be brought 
to a standard condition prior to testing 
in accordance with A.S.T.M. Method 
D 685,^ and all tests shall be made under 
standard atmospheric conditions. 

Procedure 

14. Place the oscillating folding head 
in the position of zero fold. Place on 
top of the plunger a weight equivalent 
to the tension desired on the specimen 
and damp the plunger in position when 
depressed under this load. Then clamp 
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the specimen firmly .and squarely In the 
jaws . with the surfa.ce of . the specimen 
lying wholly within one plane and not 
touching the jaw mounting-plate, .Han- 
dle the specimen by the ends and do not 
touch it with the hands in the region 
which is to be folded. Then apply the 
prescribed tension to the specimen by 
releasing the plunger. If the reading of 
the load indicator has changed, reset it 
by means of the adjusting screw to agree 
with the reading obtained when the 
weight was applied. Whenever pos- 
sible a tension of 1.0 kg. shall be used, 
but if this does not afford practical test 
results, a greater or a lesser tension may 
be used. Fold the strip at a uniform 
rate of 175 double folds 15 per cent per 
minute until it is severed at the crease. 


Record the number of. double folds re- 
quired to sever the specimen. 

Report 

15. The number of double folds re- 
quired to sever the specimen shall be 
reported as the M.I.T. Folding Endur- 
ance (double folds) at the tension nsed^ 
and shall include the number of tests, 
and the average, maximum, and mini- 
mum number of folds for each for the 
principal directions of the paper. Speci- 
mens tested with their length cut in the 
machine direction shall be designated as 
/‘^machine direction^’ Specimens tested 
with their length cut at right angles to 
the machine direction shall be designated 
as ^‘cross machine direction.^^ In re- 
porting average results all digits after 
the first two shall be rounded off to zero. 


TECHNICAL ASSOCIATION OF PULP ANB PAPER INDHSTRT 
STANDARD. METHOD T453m-~41 


Standard Method of Test for 

EFFECT OF HEATING ON FOLDING ENDURANCE OF 

PAPERi 

I 

A.S.T.M. Designation.: B 776 -46 I 

Adopted, 1946 ,^ | 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 776; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 





Scope 

1. (a) This method of test covers the 
procedure for determining the effect 
of heating on the folding endurance of 
paper.^ This test may be used for most 
papers, but it is not applicable to papers 
containing large amounts of ground- 
wood fibers. 

(6) This test determines how well 
paper retains its folding endurance after 
it has been heated under the conditions 
specified herein. The heating condi- 
tions specified in this method accelerate 
some of the deteriorative chemical reac- 
tions that cause brittleness of the paper. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S,T.M. 
Committee D-6 on Paper and Paper Products. • 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1944 to 1946. 

® For further information on this method the following 
references should be consulted: 

R. H. Rasch, ^‘Accelerated Aging Test for Paper,” 
'Journal of Research, Nat. Bureau Standards, Vol. 7, p. 
A66 {X9ZV) (.Research Paper 352), ^ 

B. W. Scribner, “A Comparison of Accelerated Aging 
of Record Papers with Normal Aging for Eight Years,” 
Journal oj Research, Nat. "Bureau Standards, Vol. 23, p. 
{m9) {Research Paper miy. 

A. E. Rimer ly and B . W. Scribner, “Summary Report 
on the Bureau of Standards Research bn the Preservation 
of Records,” Miscellaneous Publication MJ54, Nat. Bureau 
Standards (1937). 

P. F. Wehmer, “Ejdect of Volume of Fresh Air in Heat 
Test for Stability of Paper,” Paper Trade Journal t Vol. 94, 
No. 3, January 28, 1932, p. 37. 

R. H. Rasch and G. 0. Stone, “Estimating Stability of 
Paper by Heating,” Paper Trade Journal, VqI. 95, No. 4, 
July 28, 1932, p. 28, 


Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Ovens — ^An oven of the mechan- 
ical circulation air type and of such 
design that it will maintain a tempera- 
ture throughout the interior of 105 
zb 2 C. A continuous temperature 
recording device is necessary. 

(b) Folding Endurance Tester . — A 
folding endurance tester of either the 
Schopper type or the M.I.T. type, as 
specified in the Standard Methods of 
Test for Folding Endurance of Paper 
(A.S.T.M. Designation: D 643).^ 

Test Specimens 

3. The test specimens shall consist 
of strips 15 mm. (0.59 in.) in width, 
and of sufficient length to fit in the jaws 
of the folding tester. Not less than 
20 strips each shall be used for the con- 
trol test and for the heat treatment. 
They shall be cut in each principal 
direction of the paper and from not 
less than five different sheets of the 

^ Appears in this publicationj see Contents in Numeric 
Sequence of A.S.T.H. Designations at front of book. 
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sample of paper, and the control speci- 
mens and the specimens to be heated 
shall be cut alternately and contiguous 
to, each other. 

Procedure 

4. (a) The test specimens to be heated 
shall be suspended in the oven in such 
a way that the air of the oven has free 
access to all surfaces of each strip, and 
that the strips shall not be in contact 
with any part of the oven. The speci- 
men shall be heated at 105 dz 2 C. for 
72 hr. The oven shall be kept closed 
and no other materials shall be in the 
oven during the heating period. 

(b) The heated and unheated test 
specimens shall be conditioned side 
by side in accordance with the Stand- 
ard Method of Conditioning Paper 
and Paper Products for Testing (A.S. 
T.M. Designation: D 685),^ and shall 
be tested for folding endurance in the 
atmospheric conditions specified in 
Method D 685. The heated and un- 


heated specimens shall be tested alter- 
natively in the folding machine in 
accordance with the procedure pre- 
scribed in A.S.T.M, Method D 643. 

Report 

5. The report shall include the fol- 
lowing: 

(1) The percentage of the original 
folding endurance retained after heating 
which shall be reported as “retention 
of folding endurance,’’ and expressed 
as a percentage. 

(2) Retention values (Note) reported 
for the machine direction, cross direc- 
tion, and the average of both directions, 

(3) The type of testing machine used, 
whether the Schopper or M.LT. tester, 
and the tension applied in the case of 
the latter machine. 

Note. — ^T here is no constant relation between 
the test values obtained with the two types of 
testers, and retention values are not comparable 
unless all values were obtained with the same 
type of folding endurance testing machine. 


TECHNICAL ASSOCIATION OF PULP AND PAPER INDUSTRY 
STANDARD METHOD T454m-44 


Standard Method 


TURPENTINE TEST FOR GREASE RESISTANCE OF PAPERS 



A.S.T.M. Designation: D 722 - 45 

Adopted, 1945.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 722; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for determining the grease resistance of 
paper by the turpentine test. It gives 
an accelerated comparison of the relative 
rates at which ordinary oils or greases, 
such as commonly found in foodstuffs, 
may be expected to penetrate papers, 
such as uncoated or unimpregnated 
greaseproof, giassine, and vegetable 
parchment. 

Apparatus 

2, The apparatus shall consist of the 
following: 

(a) Tube,— 'A tube of any rigid mate- 
rial, 1 in. in inside diameter, not less 
than 1 in. in length, and with smooth 
ends. 

(b) Pipette,— ’A pipette or medicine 
dropper, calibrated to deliver 1.1 ml. 

(c) Sand,— A round-grained, natural 
silica sand^ graded to pass a No. 20 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-<5 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 194S to 1945. 

’Natural silica sand from the Ottawa Silica Co., 
Ottawa, III., is recommended. 


(840-iTLicron) sieve and be retained on a 
No. 30 (590-micron) sieve. 

{d) Book Paper ,— of coated, 
80-lb., book paper, ^ 25 by 38 in,, 500 
basis, of convenient size. 

Reagent 

3. Turpentine {colored^ water-free ), — 
To 100 ml. of pure gum spirits of tur- 
pentine (c.p. grade, sp. gr. 0.860 to 0.875 
at 60 F.), add 5 g. of anhydrous calcium 
chloride and 1.0 g. of oil-soluble red dye.® 
Stopper the container, shake well and 
let stand for at least 10 hr., shaking 
occasionally. Then filter through a dry 
filter paper at a temperature of approxi- 
mately 70 F., and store in an airtight 
bottle. 

Sampling 

4. The paper to be tested shall be 
sampled in accordance with the Stand- 
ard Method of Sampling Paper and 
Paper Products (A.S.T.M. Designation: 
D 585) of the American Society for 
Testing. Materials.® ^ 

■* Cumberland Gloss No. 2, manufactured by S. D. 
Warren Co., Cumberland Mills, Maine, is recommended. 

‘E. I, tiu Pont de Nemours and Co. oil-soluble red 
dye is recommended. 

6 Appears in this publication, see Contents in Numeric 
Sequence of A.S.TM!. Designations at front of book. 
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Test Specimens 

5. (a) Not less than 30 representative 
test specimens 4-in. square^ shall be cut 
from the sample. 

(b) The test specimens shall be con- 
ditioned in accordance with the Stand- 
ard Method of Conditioning' Paper and 
Paper Products .for Testing (A.S.T..M.. 
DesigEutioiir D 685) of the American 
Society for Testing Materials.® 

Prdcedttre 

6. (a) Test not less than 30 condi- 
tioned specimens in the standard atmos- 
phere prescribed in Tentative Method 
D 685, making an equal number of tests 
on each side of the sample. If possible, 
determine which is the felt side and which 
is the wire side of the specimen in accord- 
ance with the Standard Methods of Test 
for Wire and Felt Sides of Paper (A.S. 
T.M. Designation: D 725) of the Amer- 
ican Society for Testing Materials.® 

(b) Place each specimen on a sheet of 
the book paper which rests on a smooth, 
plane surface. Place the end of the tube 
on the specimen, and put 5 g. of sand in 
the tube. Since the purpose of the tube 
is solely to assure a uniform area of the 
sand pile, remove it immediately after 
the addition of the sand. Using the 
pipette or medicine dropper, add 1.1 
ml. of the colored turpentine to the sand, 
and note the time. 

(c) Move the test specimens to differ- 
ent positions on the book paper and 
examine the uncovered area of it for 
staining, every 30 sec for the first 2 min., 


every 1 -min. for the next 8 min., and 
every 3. min. thereafter. As' soon as the 
first red stain appears on the book, paper, 
note the time. Record the elapsed 
time, in seconds, between the appiica'- 
tion of the turpentine and the appear- 
ance of the first definitely red stain as 
the transudation time. 

' — In the absence of knowledge of the 

probable time of transudation, it is advisable 
to make a few preliminary tests. 

Report 

7. (a) The report shall include the 
following: 

(1) The number of specimens tested, 

(2) The maximum, minimum, and av- 
erage turpentine transudation in seconds. 
If possible the results shall be reported 
separately for specimens tested with the 
felt side up and with the wire side up. 
All tests over 1800 sec. shall be reported 
as 1800+ sec. and if individual results of 
1800+ sec. are included in any average, 
such average shall be followed by a plus 
sign. The average shall be reported on 
the basis of all tests made. 

(b) It is recommended that the fol- 
lowing report form be used in reporting 
results, when possible: 


Turpentine Transudation, sec. 

Felt Side 
Up 

Wire Side 
Up 

Maximum 

1800-1- 

1500 

1750 

Minimum 

1400 


Average of 15 tests. ............. 

1750+ ^ 
16: 

1600 

Total average. 

^s+ , 


TBCHNICAL ASSOCUTION OFJ^P AND P^ER INDUSTRY 
STANDARD METHOD T435ni— 42 


Standard Method of Test for 

HYDROGEN ION CONCENTRATION (pH) OF PAPER 

EXTRACTi 



A.S.T.M. Designation: D 778 - 46 

Adopted, 1946,® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 778; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. id) This method of test covers the 
procedure for determining the hydrogen 
ion concentration of paper extract. In 
this method, the pH value of a paper 
corresponds to the hydrogen ion con- 
centration of the filtered aqueous extract 
made of the cut or ground paper. Thus, 
the values obtained refer to the paper- 
water mixture and are designated as pH 
value and “H-ion” or ''OH-ion” value 
of the paper. 

(S) This method is suitable for the 
regular run of commercial and industrial 
papers, the water extracts of which are 
normally acidic and usually buffered. 
It is not satisfactory for determining the 
pH of unbuffered and neutral papers 
(Note 1), such as insulating papers. In- 
sulating papers (Note 2) require a refimed 
method which eliminates errors due to 
the absorption of carbon dioxide by the 
water extract during its preparation and 
testing. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A,S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was 
published as tentative from 1944 to 1946. 


Note 1. — Unbuffered papers are susceptible 
to changes in the hydrogen ion concentration 
(pH value) upon the addition of slight amounts 
of acids or bases to their, water extracts. Neu- 
tral papers are neither acid nor alkaline in 
reaction. Their pH value is 7.0. 

Note 2. — A method of test for pH of insulat- 
ing paper appears in the Tentative Methods of 
Sampling and Testing Untreated Paper Used in 
Electrical Insulation (A.S.T.M. Designation: 
D202).3 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Disintegrator. — A disintegrator, 
when required for use as in the case of 
thick paper, shall be of the Koerner type 
or its equivalent, and shall not con- 
taminate or heat the paper (Note). 

{h) Glassware . — Glassware which is re- 
sistant to acids and alkalis,^ and shall 
include the following pieces: 

(i) Soil Digestion Flask.—A soil digts- 
tion flask of 250-mL capacity. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

■* Pyrex glass or its equivalent is recommended for this 
purpose. 
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, (2) Air Condensing Tube. — An air ■ 
eondensing' ...tube, measuring., 10 mm. in 
diameter and 100 cm. in length and 
equipped with a one-piece ground-glass 
stopper. . 

{c) Electrometric pH A pparatusP — 
The electrometric pH apparatus shall 
consist of a glass electrode and a satu- 
rated potassium chloride-calomel half- 
cell capable of precision to within 0.1 pH, 
a potentiometer, and a galvanometer for 
measuring voltage. The apparatus shall 
be standardized frequently against 0.05 
M potassium acid phthalate solution 
which has a pH of 4.0 over the entire 
range of room temperature. 

Note. — If a hot plate is employed in the 
extraction, the suspension should not be boiled 
too vigorously or the water will be distilled off, 
thus concentrating the solution. If desired, a 
layer of asbestos paper may be placed on the hot 
plate to avoid overheating. 

Reagents 

3. Potassium Acid Phthalate Solution 
(0.05 If).— Dissolve 10.2 g. of potassium 
acid phthalate sufficiently pure for acidi- 
metric purposes in water and dilute to 
1 liter. This solution generally will 
remain usable for several months at a 
pH of 4.0. 

(5) Distilled Water. — Water contain- 
ing ordinary amounts of CO 2 , but not 
more than corresponds to a pH of 5.9 
may be used to test all papers including 
those in the neutral range between a 
pH of 6.0 to 7.0. A sample of the water 
shall be tested for alkaline impurities, 
by boiling for a few minutes, cooling, and 
then measuring its pH. If this is found 
to be higher than 7.3 the water shall be 
distilled from a solution containing ap- 
proximately 1 g. of KMNO 4 and 4 g. 
of NaOH per liter. A double still-head 
is usually necessary- ' 


5 The complete electrometric pH apparatus is available 
commercially. 


Test Specimens ' 

4. The test specimen, shall. be cut from 
the sample in such a way as, to, be .thor- 
oughly representative of it. Ordinary 
papers may be 'tested in the form of 
cuttings approximately 1 sq. cm. in area. 
If the paper is more than 0.012 in. in 
thickness, or very dense, it shall be 
reduced to cotton-like form in the dis- 
integrator (Note). The prepared mate- 
rial shall be thoroughly mixed. 

Note.— In case of doubt, a disintegrator shall 
be used. The use of a disintegrator should be 
avoided whenever possible because even with 
the greatest care, test specimens sometimes be- 
come contaminated in the disintegrator suf- 
ficiently to cause erroneous results. 

Procedure 

5. (a) Weigh 1,0 g. of air-dry, cut, or 
ground test specimen, and transfer to a 
250-mL soil-digestion flask. Add a por- 
tion of 250 ml. of boiling distilled water 
and macerate with a flattened stirring 
rod until the specimen is uniformly wet. 
Then add the remaining portion of the 
distilled water, stir well, and affix to 
the flask a one-piece, ground-glass 
stopper and air-condensing tube, ap- 
proximately 10 mm. in diameter and 100 
cm. in length. Place the flask, con- 
nected with the air-condenser tube, in a 
heating bath or upon a hot plate, and 
maintain the contents of the flask at 98 
to 100 C. Heat at this temperature for 
1 hr., while shaking occasionally. At the 
end of the extraction period, remove 
the air-condensing tube, shake the flask, 
and filter the contents through a fritted- 
glass crucible with strong suction. Dis- 
connect the suction just before the filtra- 
tion is completed. Pour the filtrate 
into a clean flask, close it tightly with a 
clean rubber stopper, set aside in a cold- 
water bath, and cool to room temperature. 

ip) Measure the pH of the cooled 
filtered mixture with the glass electrode. 
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Carefully wash the glass electrode, first 
with distilled water and then with the 
solution to be tested prior to the elec- 
trometric measurements. It may be 
necessary to rinse the electrode as many 
as 10 times with fresh portions of the 
extraction solution before successful 
readings of the same are obtained. Take 
readings until the voltage is constant 
to about 1 mv. for a period of several 
minutes. If the glass electrode had just 
previously been used for measurements 
in the alkaline region, and if the paper 
to be tested is in the neutral region, im- 
merse the electrode in 0.05 M potassium 
acid phthalate for 1 min. and rinse before 
use. Make all tests in duplicate. 

Calculation 

6, Calculate the pH value of the paper 
extracts from the voltage readings by 
the following equations (Note): 

pH, = pHs + 

K. 


^ ' ' 0.05914 

where: 

pHjc == hydrogen ion concentration of 
the unknown solution, 

pH& = hydrogen ion concentration of 
the buffer solution (potassium 
acid phthalate) used for cali- 
bration, 

E» = voltage reading for the unknown 
solution, 

Eb = voltage reading for the buffer 
solution (potassium acid 
phthalate) used for calibra- 
tion, and 

K = 0.00019832 X (273,1 + tem- 
perature in degrees Centigrade) . 

Note. — T hese equations shall be used for 


measurements made at 25' 'C. Corrections 
should be made for measurements taken at 
other temperatures. , The pH value may be 
conveniently read directly from graphs con- 
structed upon the basis of these equations. 
A number of glass electrode instruments give 
readings directly in pH values. 

Report 

7. The average of the results shall be 
reported and expressed to the nearest 

TABLE L— CORRESPONDING pH, H-ION, AND 
OH-ION VALUES. 


pH 

H-ion Concentration 

pH OH-ion 

Concentration 

4.0.. 

....1000 X 10-7 

7,0 

1 X 10-7 

4.1.. 

790 

7.1 

1.3 

4.2.. 

630 

7.2. 

1.6 

4.3.. 

500 

7.3 

2 

4.4.. 

400 

7.4.... 

2.5 

4.5.. 

320 

7-S... 

..... 3 

4.6.. 

250 

7.6 

4 

4.7.. 

200 

7.7. 

..... 5 

4.8.. 

160 

7.8 

6 

4.9.. 

130 

7.9 

8 

5.0.. 

100 

8.0... 

10 

5.1. . 

19 

8.1 

13 

5.2.. 

63 

8.2.... 

..... 16 

5.3.. 

50 

8.3 

20 

5.4. . 

40 

8.4 

25 

5.5. . 

32 

8.5 

32 

5. 6.. 

25 

8.6 

40 

5.7.. 

20 

8.7 

SO 

5.8.. 

16 

8.8 

63 

5.9.. 

13 

8.9 

79 

6.0.. 

10 

9.0 

100 

6.1.. 

8 

9.1 

130 

6.2.. 

6 

9.2 

160 

6.3.. 

5 ! 

9.3... 

200 

6.4.. 

4 , i 

9.4 

250 

6.5.. 

3 j 

9.5’ 

320 

6.6.. 

2.5 

9.6 

400 

6.7.. 

2 

9.7 

500 

6.8.. 

1.6 

9.8 

630 

6.9.. 

1.3 

9.9 

790 

7.0... 

.......... 1 

10.0 

. . . . . 1000 


0.1 pH, together with their correspond- 
ing arithmetical equivalents to denote 
^ ^Active Acidity” H-ion or ‘ 'Active Al- 
kalinity” OH-ion. The corresponding 
values are given in Table I, rounded off 
to significant figures. 

Reproducibility 

8. Duplicate determinations should 
agree with 0.1 pH.^^ ^ ^ ^ 


Explanatory Note 


Note. — F or further information on this meth- 
od the following references should be consulted: 


J, 0, Burton and R. H. Rasch, iTetermina- 
tion of the Alpha-Cellulose Content and Copper 
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Number, of Paper,”. Journal .oj Research^ Nat. 
Bur. Standards, Vol. 6, No. 4, p. 603 (1931). 

B. L. Browning .and R. W. K.^ Uim, “The 
Nature and Measurement of' Paper Acidity,” 
Paper Trade Journal, Vol. 102^ No. 8, February 
20, 1936, pp. 69-89. 

H. F. Launer, “Determination of the pH 
Values of Journal of Research, Nat. 

Bur. Standards, Vol. 22, p. 553, (1939) (Re- 
search Paper RP^ 1205). 

Everett L. Wallace, “Method for Measuring 
the pH of Leather Using a Simple Glass Elec- 
trode Assembly,” Journal, Am. Leather Chem- 
ists Assn., Vol 30, No. 7, July, 1935, pp. 370-379. 

L. M. Booth, “A More Rational Method of 
Stating Hydrogen Ion Concentration,” Paper 
Trade Journal, Vol. 108, No. 8, February 23, 
1939, p. 116; Technical Association Papers, 


.-Tech,. Assn, Pulp and Paper Industry, . Series 
XXn, No. 1, June, 1939, p. l89.,,' , 

.Lewis B. Miller, “The Expression of pH as 
An Arithmetric Quantity,”. Paper Trade Journal, 
Vol. 109, No.^ 12, September 21, 1939, p. .22. 

■ H. F. Launer, “Retention of Aluminum Ion 
and Hydrogen Ion in Papers,”. Journal of Re- 
search, Bur. Standards, Vol 23, p. 663 (1939) 
(Research Paper RP 1262). 

B. L. Wehmhod, “The Determination of pH 
Values and Total Acidity of Paper,” Technical 
Association Papers, Technical Assn. Pulp and 
Paper. Industry, Series XIII, May, 1930, p. 
231; Series XIV, May, 1931, p. 387. 

P. F. Wehmer, “Hydrogen Ion Concentra- 
tions and Pentosans,” Technical Association 
Papers, Technical Assn. Pulp and Paper In- 
dustry, Series XXIII, June, 1940^ pp. 56 and 
446 . 
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STANBARD METHOD T427m-43; ^ 


Standard Method of Test for 

KEROSINE NUMBER OF ROOFING AND FLOORING FELT 
BY THE VACUUM METHOD^ 



A.S.T.M. Designation: D 727 - 45 

Adopted, 1945.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 727; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test for the absorp- 
tive qualities of felt, expressed as kero- 
sine number, is applicable to felts used 
in the manufacture of roofing and floor- 
ing. 

Note.— The kerosine number of a felt, as 
determined by this method, is based on the 
relation between the specific gravity of the 
kerosine used and the specific gravity of water 
(1.00). To obtain the relation between the 
saturating capacity of the felt and any bitumi- 
nous saturant to be used with the felt, the specific 
gravity at 77 F. (25 C.) of the bitumen shall be 
determined in accordance with the Standard 
Method of Test for Specific Gravity of Road 
Oils, Road Tars, Asphalt Cements, and Soft 
Tar Pitches (A.S.T.M. Designation: D 70) of 
the American Society for Testing Materials,® and 
that figure multiplied by the “kerosine number” 
of the felt, and expressed as a percentage figure. 

Kerosine Nmnber 

2. The kerosine number of roofing 
and flooring felt is calculated from the 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1943 to 1945. 

* 1946 Book of A.S.T.M. Standards, Part III-A. 


maximum weight of a kerosine oil, of 
known specific gravity, retained by the 
felt after displacement of all the air from 
the interior voids. It is a measure of 
the amount of saturant which a given 
felt will absorb. 

Apparatus 

v3. The apparatus shall consist of the 
following: 

(a) Balance . — ^Analytical balance, 

sensitive to 1 mg. 

{h) Oven. — ^I^aboratory oven, steam 
or electrically heated and capable of 
maintaining a temperature between 220 
and 225 F., inside dimensions to be not 
less than 12 by 12 by 12 in. 

{c) Weighing Container . — ^Lightweight 
glass or metal container with tight- 
fitting cover for weighing the specimens, 
and of a suitable size to hold the speci- 
mens in a horizontal position without 
bending or distorting them. 

{d) Thermo-Eydrometer.~Q\d^,ss hy- 
drometer and thermometer combined, 
also a glass hydronaeter cylinder as 
prescribed in the Standard Method of 
Test for Gravity of Petroleum and 


406 


Test eor ELergsine Niomber or Roofing and Flooring Feet 0 727 -'45) 407 


Petroleum Products by' Means of the 
Hydrometer (A.S.T.M. Designation: D 
287)- of the American Society for Testing 
Materials.^ , 

, (e) Vacuum Pump,—K vacuum 
pump capable of' reaching and main- 
taining a vacuum of not less than 28 in. 
of mercury in the test cylinder. 

(/) Vacuum Cylinder , — A glass vessel 
of approximately 1500 cu. cm. capacity 
for soaking the felt specimens in kerosine 
under vacuum. 

(g) Desiccator,’— A desiccator of size 
suitable for cooling felt strips in the 
weighing containers. 

Kerosine 

4. The water-white kerosine used in 
the test shall have a specific gravity be- 
tween 0.776 and 0.825 at 25 C. (77 F.). 

Test Specimens 

5. Six representative specimens each 
measuring 2 it | in. by 5 zh | in. in size 
shall be selected from the felt to be 
tested. The specimens shall be cut 
with the 5-in. side running parallel to 
the machine direction of the sheet. 

Procedure 

6. (a) Place the test specimens in the 
tared weighing container and expose 
them, uncovered, for not less than 1 
nor more than 2 hr. in the oven, the 
interior of which is maintained uniformly 
at a temperature between 220 and 225 F. 
The specimens shall be kept flat; they 
shall not be folded, roiled, or in any way 
distorted. Handle the six specimens as 
a unit in all of the following operations. 

(i) Remove the specimens from the 
oven in the weighing container and 
place, still uncovered, in the desiccator 
to cool 

(c) Rapidly seal the weighing con- 
tainer with its cover and weigh the 
container and included specimens on the 


analytical balance to the nearest 10 mg. 
■Calculate the net weight ; of the dry 

specimens. 

(d) Insert a wire hook in one corner of 
the specimens and immerse them at once 
in a vertical position in 1 liter of kerosine 
at 25 zh 1 C. (77 dz, 1.8 F.) in the glass 
vacuum vessel. Apply a vacuum of not 
less than 28 in. of mercury to the vessel 
containing the specimens and hold them 
under that condition for IS min., or 
until the bubbles cease to come from 
the specimens, whichever period is the 
longer. Remove the specimens from 
the kerosine and permit them to drain 
in the machine direction of the felt 
fibers for 3 min. dz 1 sec., allowing the 
lower corner of each specimen to touch 
the edge of the kerosine container. 

(e) Return the specimens to their 
weighing container, seal with its cover, 
and determine and record the combined 
weight of the specimens and the kerosine 
which they have absorbed. 

(/) Determine the specific gravity at 
25 C. (77 F.) of the kerosine used in the 
test in accordance with the Standard 
Method of Test for Gravity of Petroleum 
and Petroleum Products by Means of 
the Hydrometer (A.S.T.M. Designation : 
D 287) of the American Society for 
Testing Materials.^ 

Calculation and Report 

7. (a) Calculate the kerosine number 
of the specimens as follows: 

Kerosine number ~ ^ X X 100^ 

where: 

a = weight of dry felt, 
b = weight of felt plus absorbed kero- 
sine, and 

g = specific gravity of kerosine at 25 C, 
(77 F.) 

(b) Report, — ^Report the results of the 
kerosine number determinations to three 
significant figures. 


rr 
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Standard Method of Test for 
MACHINE DIRECTION OF PAPERS 



■ A.S.T.M. Designation: D 528 - 41 
Adopted, 1941.® 

This Standard of the Amedcan Society for Testing Materials is issued under 
•the :fixed designation D 528; the final number indicates, the year of origmal 
adoption as standard or, in the case of revision, the year of last revision. 


Scope"/,, , , 

' L TMs m describes test pro- 
cedures for determiriing the machine 
direction , of paper. ,■ . 

Definitions , 

• :2. The two major directions of paper 
are defined as follows: 

(a) M achine Direction.—The direc- 
tion of the paper parallel to its forward 
movement on the paper machine, 

(b) Cross: Diredion,-~~The' direction 
of the paper at right angles to the 
machine direction. 

Test Specimens 

3. (a) Method L — Circular test speci- 
mens shall be cut about 2 in. in diameter. 
For purposes of identification a straight 
line shall first be drawn through the 
section and adjacent parts of the paper 
from which the specimen is to be cut. 

{b) Method 2. — Two test specimens 
shall be cut at right angles to each other, 
each 6 in, in length by | in. in width. 


1 Under the standardization procedure o£ the Society, 
this method is under the jurisdiction of the A.S.T,M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941, 


{c) M'ethod J.— No specially prepared 
test specimen is required for this .test; 

{d) Method 4.~Two test specimens 
shall be , cut at right angles to , each 
other, each 10 ,in,. in .length and of a 
proper width, to' fit a tension testing 
machine. ■ 

Procedure 

■4. {a) Method L-'-'Tht test specimen 
shall be floated on water and the direc- 
tion of curl noted. The axis of curl is 
parallel to the machine direction of the 
paper. 

(J), Method 2 . — The twO: test speci- 
mens shall . be held by the ends in a 
horizontal position, one over the other, 
placing first one and then ' the other on 
top. The : specimen cut in the cross 
direction will bend more, and fall away 
from the specimen cut in/ the machine 
direction of the paper. 

(c) Method 3,— The test specimen 
shall be burst in a manner similar to that 
employed when testing for bursting 
strength. The chief line of rupture will 
be at right angles to the machine direc- 
tion of the paper, 

(d) Method 4— The two test speci- 
mens shall be broken in a manner similar 
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to that employed when testing for 
tensile strength. The specimen whose 
length corresponds to the machine direc- 
tion of the paper will have the greater 
tensile strength. 


Note. — If it is suspected that the length of 
neither specimen corresponds to the machine 
direction of the paper, other spedmens should 
be cut at different angles, until one having the 
maximum strength is found. 


TECHOTCAL ASSOCIATION OF PULP ANB PAPER INDUSTRY 
STANDARD METHOD T412m-42 


Standard Method of Test for 

MOISTURE IN PAPER, PAPERBOARD, AND PAPERBOARD 
AND FIBERBOARD CONTAINERS! 



A.S.T.M. Designation: D 644 -44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 644; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for determining moisture in all papers, 
paperboards, and paperboard and fiber- 
board containers, except those containing 
matter other than water volatile at 100 
to lose. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) W eighing Container, — Either a 
wide-mouth, glass-stoppered bottle or an 
airtight metal container, or any other 
suitable airtight container, depending 
oil the size of the specimen required. 

{h) Thermometer, 

{c) Drying Oven. — A constant- 
temperature oven, equipped with means 
for insuring adequate temperature con- 
trol and air circulation, and preferably 
equipped with means for drying the air 
entering the oven. 

(d) Chemical Balance, — A chemical 
balance sensitive to 1 mg. for weighing 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D“ 6 on Paper and Paper Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1941 to 1944, being revised in 1942. 


specimens of 2 g. and under, and sensitive 
to 0.05 per cent of the original weight of 
the specimen for larger specimens. 

{e) Desiccator, 

Test Specimens 

3. {a) When the amount of moisture is 
determined for the purpose of calculat- 
ing the results of a chemical analysis of 
paper on a moisture-free basis, the test 
specimens shall weigh not less than i g., 
and preferably not less than 2 g. each, 
and when weighed shall be in moisture 
equilibrium with the specimens being 
analyzed. When moisture is determined 
for the purpose of calculating the amount 
of moisture in a shipment of paper, the 
test specimens shall weigh not less than 
50 g. each. 

(J) When the moisture is determined 
for the purpose of calculating the amount 
of moisture in a shipment, the paper shall 
be sampled (Note) in accordance with 
the Standard Method of Sampling Paper 
and Paper Products (A.S,T.M. Designa- 
tion: D 585) of the American Society 
for Testing Materials.® 

» Appears in this publication, see Contents in N umeric 
Sequence of A.S.T.M. Designations at front of book. 
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Note.-— I n sampling a shipment for moisture 
content, extreme care must be taken to' avoid 
change in moisture content, during the sampling. ■ 

(c) When the moisture is determined 
on combined board or containers that are 
to be tested for other physical properties, 
test specimens shall weigh approximately 
50 g. and shall be taken so as to be 
representative of the material being 
tested. Specimens shall be ' cut from un- ■ 
sealed' sections and preferably from un- 
printed sections of the container, ^ and 
shall' be taken from each type of 
container being tes.ted. 

Procedure ,, 

4. (a) Handle large specimens with 
clean, dry rubber gloves.; .Transfer, the 
specimens to the weighed container as 
s,oon as they are withdrawn from' the 
package, : and close the container . im- ■ 
mediately. If a delay of, over a second 
or two in, transfering the specimen to the- 
container, is unavoidable, keep the ,speci- 
men covered on both sides with several 
adjacent layers' of the paper from which 
it was withdrawn, until ready to place it 
in the container. Unless the specimen 
is later to be spread out in the oven, 
avoid filling the container tightly . After 
the specimen has been placed in a 
weighed container, weigh it in the closed 
container to obtain the wet weight of the 
test specimen (Note), 

Note.— T he weighing container or specimens 
should not be touched with the fingers during 
this test. 

’ (Z?) Remove large specimens, unless 
the container has a removable basket, 
from the container in which they were 
weighed, spread them in a basket or tray 
which will permit free circulation of air 
around them, and place them as well as 
the original container in the oven. Heat 
for about 2 hr. at 100 to 105 C., replace 
the specimens in the original container, 


and close it, doing , this, if po.ssible, with- 
out removing the specimens from the. 
oven. Let the closed "container and 
contents cool at room temperature, and 

weigh. 

(c) Place small specimens in the dry- 
ing oven, without removing , them from 
the weighing bottle, remove the stopper 
of the bottle, heat for 1 .hr. at 100 to' 
105 C., close the bottle in the oven, cool 
to room temperature in a desiccator, and 
weigh. Remo,ve the stopper , momen- 
tarily just before weighing to adjust any 
change in air pressure. 

{d) Repeat . the , periodic .drying, and 
weighing of the specimen until , the dif- 
ference in weight between, tw^o successive, 
weighings is not more than 0.1 per cent 
of the weight of the specmien. 

, (e) Make all weighings with the cover 
on the container and weigh to within 
0.05 per cent of the total weight of the 
original specimens. 

Calciilatioii' and Report 

5. (a) When the percentage of moist-: 
ure based on the original weight is re- 
quired, it shall be calculated as follows:' 

, Moisture, per cent = . — — — X 100 , , 
where: 

Wi = original weight of the specimen, 
and , , 

, Wi = weight of the specimen after 
drying ,.at 100 to 105 C, „ 

(b) When the percentage . of moisture 
based on the bone-dry weight is required, 
it shall be calculated as follows: 

Wi — F 2 

Moisture, per cent — X 100 ■ 

■ W2 

where: 

■ Wi = original weight of the specimen, 
and' 

Wi = weight ' of the specimen ' after 
drying at 100 to 105 C. 

(c) Report the moisture as 
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the percentage loss in weight of the speci- 
men to the nearest 0.1 per cent on the 
basis of the original weight (Paragraph 
(o)) ordry basis (Paragraph (6)). 


Reproducibility of Results 

6. The results of duplicate determina- 
tions of moisture should agree within 0.2 
per cent. 


TE0HKICAL, ASSOCIATION OF PULP AND PAPER INDUSTEf 
STAHDARB METHOD T425m-44 


Standard Method of Test for 
OPACITY OF PAPER AND PAPER PRODUCTS^ 



A.S.T.M. Designation: D 585^-44 ■ ^ 

Adopted, 1944.® 

Tlais Standard of the American Society for Testing Materials is issued under 
the fixed designation D 589; tlie final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 




Scope 

1. This method of test covers the 
procedure for measuring the opacity of 
all kinds of paper and paper products 
by determining the apparent light re- 
flectance. 

Note. — O ther methods, based upon meas- 
urements of light transmission, are in general 
use, but, in the present state of their develop- 
ment, and are not considered to be suitable for 
standardization. 

Apparatus 

2. (a) The apparatus shall be capable 
of measuring the apparent light reflec- 
tance as prescribed in this method. 
It may measure the values separately, 
or be designed to give directly the ratio 
of the apparent reflectances. 

(J) Values of apparent light reflec- 
tance are relative to the apparent 
reflectance from magnesium oxide taken 
as 100 per cent. The standard white 
backing shall have an apparent reflec- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1940 to 1944, 


tance^ of 91.5 per cent, nr an equivalent 
cavity may be used. The standard 
black backing shall have an apparent 
reflectance of not more than 0.5 per cent. 

(c) Completely diffused illumination 
from incandescent lamps at a color 
temperature of 2400° to 2800° Kelvin 
shall be used. The direction of viewing 
shall be not more tlian 20 deg. from the 
normal to the surface of the specimen. 

(d) The holder for the specimen shall 
be so constructed that the specimen is 
held flat to within 1 per cent of the 
diameter of the area used for the 
observation. 

(e) Observations shall be made by 
the human eye or an equivalent means, 
such as a photoelectric cell with a filter 
adjusting its sensitivity to that of the 
human eye. 

(f) The instrument shall be cali- 
brated.^ 

Test Specimens 

3. (a) Not less than five specimens 

*See “Preparation and Colorimetric Properties of* a 
Magnesium Oxide Reflectance Standard,^* CiVctt/ffr Leiter 
395, Nat. Bureau Standards (1934). 

* Deane B. Judd, “Opacity Standards,’* af Re- 

search, Nat. Bureau Standar<^s, Vol. 13, No. 3, p. 281 
( 1934 ) {Research Paper ^709). 
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shall be so selected as to be representa- 
tive of the sample. The shape and size 
of each specimen will be determined by 
the equipment used in making the 
measurements. 

(i) The specimens to be measured 
shall be kept clean and free from folds 
or wrinkles. The area to be tested shall 
not be touched with the fingers. 

Procedure 

4. The s|)ecimens when tested shall be 
in equilibrium with the standard atmos- 
phere as prescribed in the Standard 
Method of Conditioning Paper and Paper 
Products for Testing (A.S.T.M. Desig- 
nation: D 685) of the American Society 
for Testing Materials.^ Measure the 
apparent reflectance of the light from the 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


specimen placed over the standard white 
backing and then over the standard black 
backing. ■ The ratio of the latter to the 
former, expressed as a percentage, is the 
^■^contrast ratio.” It will be nearly 100 
per cent for opaque paper; nearly 0 
per cent for transparent paper. 

Calculation 

5. The average contrast ratio shall be 
calculated from at least five deter- 
minations. 

Reproducibility of Results 

6. If the mean of the highest and 
lowest readings differs from the average 
of all the readings by more than 0.5 
per cent, additional specimens shall be 
tested until there is agreement within 
this limit. 


TECHHICAl ASSOCUTION OF PTOP AHD PAPER IHDDSTRY 
STANDARP METHOD T402m-45 


Standard Method of Test for 
PARAFFIN CONTENT OF WAXED PAPERS 



A.S.T.M. Designation: D 590 - 42 

Adopted, 1942.2 

TMs Standard of tlae American Society for Testing Materials is issued under 
the fixed designation D 590; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining quantitatively 
the amount of paraffin in wax-impreg- 
nated (waxed) paper. 

Note.— The scope of this method is not 
intended to include paraffin-sized papers. The 
extract from this type of paper generally con- 
tains such quantities of soluble matter other 
than waxes that the accuracy of the method 
for small amounts of paraflOn is questionable. 


(c) Alcoholic Potassium Hydroxide 
{approximately 0,5 N), 

Test Specimen 

4. The test specimen shall be cut 
from the sample in such a way as to 
be thoroughly representative. It shall 
consist of not less than 3 g. of the paper, 
in the as-received condition, cut into 
strips approximately 0.5 in. in width 
and folded into numerous small crosswise 
folds (Note). 


Apparatus , 

2. The apparatus shall consist of the 
.following: 

{a) Extractor. — Soxhlet or Underwrit- 
ers’ Laboratories extraction apparatus. 

(&) Funnels. — Two 250-ml. separatory 
funnels. 

Reagents A 

3. (a) Carbon Tetrachloride, c.p. 

(b) Petroleum Ether, c.p. 


1 Under tiie standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was 
published as tentative from 1940 to 1942. 


Note. — T he folding is essential to secure 
complete and quick extraction. Do not tear 
the specimen into small pieces, since they will 
stick together and the paper may not be com- 
pletely extracted. 

Procedure 

5. (a) Place the prepared test speci- 
men in the extractor, and add carbon 
tetrachloride (CCI 4 ). If a Soxhlet ex- 
tractor is used, the strips of paper 
should be below the surface of the 
CCI 4 when the siphon cup is filled. 
Extract the specimen until the wax 
is all removed, collecting the extract in a 
flask (the extraction generally requires 
at least 6 hr.). This is not necessary 


415 


416 


Test for Paraffih Content ' Of Wajced Paper (D 590 “-:42) 


with ' ' the ■ Underwriters^ Laboratories 
extractor, where the strips are sur- 
rounded by the hot vapors. In either 
case, enough solvent shall be added to 
cause the siphon to run over, and then 
an additional quantity to fill tlie cup 
one-half to two-thirds MI. 

(§) Evaporate the extract on a water 
bath to dryness, add 25 xnl. of the 0.5 N 
alcoholic KOH, and again evaporate to 
dryness. Cool the dry residue, take it 
up with petroleum ether and water, and 
transfer to a separatory funnel. The 
volume of ether in the funnel shall be 
about 25 ml. and that of the water 150 
ml. The water shall contain a small 
amount of NaCl to prevent emulsifica- 
tion. Shake the contents of the flask 
thoroughly, let the two layers separate 
completely, and draw ofl the water into 
a second separatory funnel. Re-extract 
the water layer one or more times, as 
may be found necessary, with a fresh 
25-mL portion of petroleum ether. 
Combine the ether extracts and wash 
with fresh lOO-ml.- portions of water 
until the separated liquids are perfectly 
clear. An addition of a strong solution 
of NaCl may be found necessary. 


(c) : Transfer .the petroleum ether ex- 
tract to a weighed evaporating dish or 
flask, evaporate to dryness, dry at, 100 
to 105, C. for l,„hr., and weigh. .The 
weight so found shall be taken to repre- 
sent the paraffin in the specimen (Note). 

Note. — T he procedure is based on the 
assumption that all unsaponifiable material 
soluble in petroleum ether will be paraffin. 
With the development and growing use of new 
materials in waxed paper, it may no longer be 
assumed to contain only paraffin, as there may 
be present higher alcohols, either free or result- 
ing from saponification of esters or other ma- 
terials not paraffin, which are soluble in pe- 
troleum ether. However, the possible error 
resulting from these materials is small and may 
be considered. negligible. 

Report 

6. The amount of parafifm shall be 
reported as a percentage of the original 
weight of the waxed paper. Not less 
than two determinations shall be made, 
and the average result rounded off to the 
nearest 0.1 per cent shall be reported. 

Reproducibility of Results 

7. Duplicate determinations should 
agree within 0.2 per cent. 



TECHNICAL ASSOCIATIOlf OF PIJEF AHO PAPER IKBGSTRT 
STANDARD METHOD T450m-44 • / 


Standard Method of Test for 
PENTOSANS IN PAPER ^ 



A.S.T.M. Designation: D 688 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 688; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining pentosans in 
paper. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Grinder, — K Koerner^ or equiva- 
lent type grinder that will completely 
disintegrate the paper without heating 
or contaminating it. 

(h) Distillation Apparatus. — A suit- 
able distillation apparatus may be set 
up as follows: A 300-mL separatory or 
dropping funnel is mounted in the neck 
of a 500-mL distilling flask, which in 
turn is connected to a long water-cooled 
condenser. The condenser delivers 
through an adapter into a l-liter reagent 
bottle, which is used as a receiver and 
subsequently as a reaction vessel. Rub- 
ber stoppers may be used to make the 
Gonnections. If, during the distillation 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard* this method was pub- 
lished as tentative from 1942 to 1944. 

s The Koerner type of grinder is described in a paper 
by J. O. Burton and R. H, Rasch on “The Determination 
of the Alpha-Cellulose Content and Copper Number of 
Paper,” Journal of Research^ Nat, Bureau Standards, 
VoL 6, No. 4, p. 603 (1931) (Research Paper 295). 


(Section 5 (a)), the temperature of the 
condensate in the receiver is 30 C. or 
over, owing to inefficient cooling or high 
laboratory temperature, a small U-trap 
containing glass beads and 5 mi of 
water should be used to close off the 
system. 

Reagents 

3. (a) Hydrochloric Acid {12 per cent^ 
J.5 A) .—Dilute 307 mi of c.p. HCl 
(sp. gr. 1.19) to 1 liter. 

{b) Ice, — ^The ice used preferably shall 
be frozen from distilled water. Ordi- 
nary commercial ice is satisfactory if uni- 
form values for the blank determinations 
(Section 5 (i:)) are obtained. 

{c) Potassium Iodide Solution (10 
per cent),--DlssQlvQ 10 g. of c.p. KI in 
90 g. of water. 

(d) Standard Sodium Thiosulfate So- 
lution (0,1 iV').— Dissolve 25.3 g. of c.p. 
Na 2 S 203 *51120 in water containing 1 
ml. of 1 iV NaOH and dilute to 1 liter. 
This gives a solution slightly stronger 
than 0.1 iV", but subsequent calculations 
are thus made easier. After allowing 
the solution to stand 1 week, standardize 
it against 0.1 N KMn04 as follows: 
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Mix 120 ml. o£ 6 N HaSOi with 320 ml. 
of water in a l-liter, glass-stoppered 
reagent bottle. Add 10 ml. of KI (10 
per cent) and then, after shaking, add 
50 ml. of 0.1 N KMn 04 from a pipette. 
After shaking again, titrate with_ the 
thiosulfate solution, adding starch indi- 
cator toward the end of the titration.^ 

(e) Potassium Br ornate - Bromide 
Solution {0.2 iV).— Dissolve 5.57 g. of 
c.p. KBrOs and 50 g. of c.p. KBr in 
water. Add 1 ml. of 1 N NaOH and 
dilute to 1 liter. The solution need not 
be standardized, but blank determina- 
tions against the thiosulfate _ solution 
shall be made at intervals (Section 5 (c)). 

Test Specimen 

4. The test specimen shall be cut from 
the sample in such a^ way as to be 
thoroughly representative, and shall be 
reduced to cotton-like form in the dis- 
integrator and then thoroughly mixed. 

Procedure 

5. (a) Allow the specimen to come to 
moisture equilibrium with the atmos- 
phere of the balance. Weigh, to the 
nearest milligram, 1 g. of the ground, 
air-dried specimen for the determina- 
tion of pentosans. Weigh at the same 
time specimens for the determination of 
moisture, ash, and sizing materials. ^ 
troduce the specimen into the distilling 
flask through a dry glass tube so as to 
avoid adherence of fi.bers to the neck of 
the flask. Add 100 ml. of 3.5 N HCl, 
in the neck of the flask and apply heat 
from a burner. As soon as distillation 
begins, allow the acid to drip from the 
funnel at such a rate that the level in 
the flask remains constant. Continue 
the distillation at a uniform rate for 100 
min., during which period 300 ml. of 
condensate shall have been collected. 
It is important to observe this time and 
quantity. 


(6) Add 50 ml. of water to the con- 
densate (if a trap was used (see Section 
2 (6)) combine its contents with the 
condensate and add correspondingly less 
water), and then add 250 g. of crushed 
ice. After the temperature of the mix- 
ture has fallen to 0 C. or lower, add 20 
ml. of 0.2 N KBrOa - KBr solution from 
a pipette with a minimum of agitation, 
close the bottle promptly with a ground- 
glass stopper, shake well, and allow to 
stand for exactly 5 min. The tempera- 
ture should still be 0 C. or lower. Then 
remove the stopper, add 10 ml. of KI 
(10 per cent) from a small graduate, and 
replace the stopper as quickly as pos- 
sible. Shake the mixture thoroughly to 
allow absorption of the bromine vapor, 
and titrate with 0.1 N Na 2 S 203 . 

(c) Blank Determination. — Make a 
blank determination in exactly the same 
manner, using all reagents, including the 
ice, except that 270 ml. of 3.5 N HCl, 
diluted to 350 ml., shall be used as the 
starting point, instead of the 300 ml. of 
condensate diluted with 50 ml. of water. 

Calculation 

6. Calculate the pentosan content as 
follows: 

Pentosans, g gg x iV X (®2 - *1) „ „ 

per cent = ^ 

where: 

IV = nor mali ty of the thiosulfate solu- 
tion, 

•Ox = milliliters of thiosulfate solution 
used in the test, 

®2 = milliliters of thiosulfate solution 
used in the blank, and 
W — weight in grams of the specimen 
after correcting for moisture, 
ash, and any filling and sizing 
materials present. 
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' Note I.— -la this method, the furfural formed 
hy, the action of hot .hydrochloric add on the 
fibrous, material is distilled from the. mixture in 
essentially the manner prescribed by the Asso- 
dation of Official Agricultural Chemists. The 
distillates are analyzed for furfural by a rapid 
volumetric procedure requiring no special 
apparatus. The volatile material, probably 
hydroxymethyifurfural, arising from the action 
of hydrochloric acid upon the cellulose in the 
samples, is corrected for in a simple manner. 
The correction, 0.9 per cent, expressed as a 
pentosan, was found to be valid for the typical 
chemical wood fibers and papers made therefrom, 
including unbleached sulfate. For materials 
containing large quantities of lignin, such as 
newsprint, the correction is probably not large 
enough, A correction is also applied for the 
loss of furfural during the distillation. For 
further details as to these corrections, or for 
general information as to the method described, 
the analyst is referred to the original literature.'* 
It is shown therein that the pentosan values for 
cotton fiber are negligible, being probably less 
than 0.2 per cent. This point is likewise 
discussed in the original literature. 


Note 2. — ^The factor 6.80 is the product of 
100 X 1.03 X 0.0480 0,727, where 1.03 

corrects for a 3 per cent loss of furfural during a 
distillation, 0.0480 is the weight of furfural in 
grams corresponding to 1 ml, of 1 N thiosulphate 
solution, and 0.727 is the theoretical conversion 
factor of pentosans to furfural, if the analyst 
desires values that are comparable with those 
obtained by using Krober’s tables,® in which the 
conversion of pentosans to furfural is arbitrarily 
taken as 80 per cent, the factor 6.80 becomes 
8.25 and the constant 0.9 (Note 1) is neglected. 

Report 

7. The percentage of pentosans shall 
be reported on the basis of the total 
cellulose including pentosans, but ex- 
cluding moisture, ash, fillers, resin, or 
any sizing or other added nonfibrous ma- 
terials. AH determinations of pentosans 
shall be made in duplicate, the results of 
which shall agree within at least 0.4 per 
cent of the dry weight of the total cellu- 
lose content, and the average shall be 
expressed to the nearest 0.1 per cent. 


< H. F. Launer and W. K. Wilson, “Determination of 

Pentosans in Pulps and Papers,” Journal of Research, 

Nat. Bureau Standards, VoL 22, No. 4, p. 471 (1939) * “Method of Analysis,” Assn. Official Agricultural 

(Research Paper 1199). Chemists, Fourth Edition, pp. 641-643 (1935). 


TECHNICAL ASSOCIATION OF PULP AND PAPER INDUSTRY 
STANDARD METHOD T462m—43 


Standard Method oj Test for 

PRINTING INK PERMEATION OF PAPER (CASTOR OIL 

TEST)i 



A.S.T.M. Designation: D 780 “46 
xAdopted, 1946.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 780; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. {d) This method^ of test covers the 
procedure for determining the printing 
ink permeation of paper by measuring 
the time in seconds in which a drop of 
U.S.P. castor oil produces a uniform 
translucent spot through the test speci- 
men. This method is suitable only 
for easily permeable papers such as 
news, book, and mimeograph paper. 
It is a measure of the receptivity of 
paper to printing inks having an oil 
vehicle. 

Apparatus 

2. The apparatus, as shown in Fig. 
1, shall consist of the following: 

{a) Box . — A box having an open 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-fi on Paper and Paper Products. 

2 Prior to adoption as standard, this method was 
published as tentative from 1944 to 1946. 

3 For further information on this method the following 
references should be consulted: 

E. 0. Reed, ‘^Resistance of Printing Papers,’^ 

Trade Journal, Vol. S6, No. 12, March 22, 1928, p. 54; 
Technical Association Papers, Tech. Assn. Pulp and Paper 
Industry, Vol. 11, No. 1, pp. 144-145 and 239-240 (1928). 

B, L. Wehmhoff, “Evaluation of the Printing Quality 
of Paper,” Paper Trade Journal, Vol. 100, No. 6, February 
7, 1935, p. 41; Technical Association Papers^ Tech, Assn. 
Pulp and Paper Industry, Vol. 18, No. 55, June, 1935, pp. 
337-340. 


front a ground glass top C containing 
a I in. hole for observation of the speci- 
men H, a ground glass partition D 
parallel with the front side to prevent 
excess heat from affecting the test 
results, a 25-w. electric bulb E placed 
back of the partition for illumination of 
the specimen, and an adjustable mirror 
F near the bottom of the box and cen- 
tered on the hole G in the top of the 
box for observation of the specimen H. 

(b) Separatory Funnel . — A separator}^ 
funnel I with a tip approximately | 
in, in length and of such diameter that 
25 drops of distilled water delivered at 
21 C. (70 F.) will have a volume of 1 mi. 
The funnel shall be suspended with the 
end of the tip appxmimately If in. 
above the test specimen and contains 
U.S.P. castor oil, the temperature of 
which is maintained during the test 
at 25 '±, 2 C. (77 ±,'5.5 :f,). 

Test' Specimens ,, 

3. (a) The test specimens shall be 
selected so as to be representative of 
420 
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the sample.' secured hy. the Standard 
Method of Sampling Paper and Paper 
Products (A.S.T.M. Designation: D 


/ j Specimen HeJd Flat 

Against Ground Giass 



About f 5" to 18'' 
w/fh Lomp (25 W.) 
at L east /2 " from 
Glass Plate 


Side View 



Fig. 1. — Apparatus for Printing Ink Permeation 
Test of Paper. 

A — Box. ' ^ 

B—Open front in box. 

C— Top, ground-glass, 
n— Partition, ground-glass. 

E— Electric bulbj 25 w. 

E— -Adjustable mirror. 

C—Hoie in top of box for observation of specimen. 
//—Test specimen. 


585) F Any convenient s.ize ^ specimen 
may be used, preferably 2-m.' square. 
All specimens shall be conditioned, 'in, 
acco.rdance with the^ Standard Method 
of Conditioning Paper and Paper Prod- 
ucts for Testing (A.S.T.M. Designa- 
tion: D 685). 

Procedure 

4. (a) The test shall be made in 
standard atmospheric conditions as spec- 
ified in A.S.T.M. Method D 685. 

(b) The test specimens shall be placed 
over the holeG in the top of the box as 
shown in Fig. 1. A drop of U.S.P. 
castor oil shall be allow’'ed to fall from 
the funnel upon the specimen and a 
stop watch shall be started the instant 
the drop strikes the specimen. The 
under side of the specimen shall then 
be observed and the time interval 
measured from the instant of contact 
of the oil with the paper until the spot 
of oil reaches a uniform and maximum 
translucency. The spot of oil shall be 
covered with a cap having a black in- 
terior which aids in the determination 
of the end point. 

Report 

5. The report should give the maxi- 
mum, minimum, and average time of 
penetration to the nearest 5 sec. for not . 
less than five tests on each side of the 
paper. 

* Appears in this publicationj see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



TECHIfICAL ASSOCIATION OF' PULP AND PAPEP moCSTRI 
STANDARD' METHOD T408m-46: ' 


Standard Method of Test for 
ROSIN IN PAPER AND PAPERBOARDi 



A.S,T.M. Designation: D 549 - 46 
Adopted, 1941; Revised, 1946.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 549; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedures 
for qualitative and quantitative determi- 
nation of rosin (colophony) in paper and 
paperboard.^ The qualitative tests in- 
dicate the presence or absence of resin 
from rosin or rosin soap added as a sizing 
agent. The quantitative tests give the 
total rosin which consists of the natural 
resins in the pulp from which the paper is 
made plus any rosin added as sizing. 
Such procedures are not applicable to 
the determination of synthetic resins 
(such as the melamine and urea-formai- 
deliyde resins used to impart wet strength 
properties to paper). The method is 
limited to rosin, which is a natural 
vegetable resin, the residue left after 


1 Under the standardimtion procedure of the Society, 
this method is under the jurisdiction of the A.S-T.M. 
Committee D-6 on Paper and Paper Products. 

For further information on this methPd the following 
references may be consulted: 

C. F. Sammet, “Quantitative Determination of Rosin 
in Paper,” Industrial and Engineering Chemistry, Vol. 5 
p. 732, September (1913); Paper 13, No. 1,17 (September, 
1913). 

E. Sutermeister and W. V. Torrey, “The Determina- 
tion of Rosin in Paper,” Paper Trade Journal, Vol. 94, 
No. 3, p. 33, January 21, 1932. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941. 

8 For further information, see “Paper and Paper- 
board, Characteristics, Nomenclature and Significance 
of Tests,” p. 78, Am. Soc. Testing Mats. (l944). (Mono- 
graph issued as separate publication.) 


distilling off the turpentine from the 
gum of pine or from the sol vent extrac- 
tion of pine stumps, knots and top wood 
with subsequent separation from the 
extraction solvent, turpentine or pine oil, 
by distillation. • 

Qualitative Test 
Qualitative Test 

2. A positive result obtained by both 
of the procedures described in Para- 
graphs (a) and (b) shall be regarded as 
conclusive evidence of the presence of 
rosin or rosin soap added as a sizing 
material. 

(a) Liebermann-Storch Place 

about 1 g. of the paper, cut into small 
pieces, in a clean, dry test tube. Add 5 
ml. of c?p. acetic anhydride and evapo- 
rate by boiling to about 1 ml. {Caution: 
The fumes of the anhydride are very 
irritating and should be burned as they 
leave the mouth of the test tube.) Pour 
the liquid residue into a clean, dry por- 
celain crucible and cool to room tem- 
perature. If any waxy particles sepa- 
rate out, filter them off on a dry filter 
paper. Add carefully, down the side 


422 



Test. /FOR Rosin in Pap.er Am Faferboard; (D.549-46), 


423' 


of the crucible, one drop of H 2 SO 4 (sp. gr, 
1 .84) . A fugitive, rose-violet coloration 
formed where the acid meets the anhy- 
dride indicates rosin. 

(5) Raspail TesL — Place the paper on 
a glass or porcelain plate and apply a 
drop of a nearly saturated solution of 
sugar. After a few moments remove the 
excess sugar solution with filter paper. 
Add a drop of H2SO4 (sp. gr. 1.84) to 
the sugar on the paper. A raspberry- 
red coloration indicates the presence of 
rosin. 

, Quantitative Determination 

Note. — This procedure for the quantitative 
determination of rosin depends upon the con- 
version of insoluble resinates to alcohol-soluble 
rosin by the action of a strong volatile acid of a 
definite concentration for a definite length of 
time. Thus, a minimum amount of nonresinous 
materials, such as cellulose hydrolysis products, 
is formed. Separation of the resinous from the 
nonresinous materials is accomplished by dis- 
solving out the rosin from the dried extract 
with anhydrous ether, in which nonresinous 
materials, including starches and glues, are 
insoluble. For further details consult the 
original literature,^ If waxes and fats that 
may dissolve in the anhydrous ether are 
present, they must be separated from the 
resinous material by saponification. 

If the presence or absence of mineral matter 
which reacts with hydrochloric acid or is dis- 
solved by it, and of paraffin or similar wax, in 
the paper under test is not definitely known, 
qualitative tests for them should be made, as 
their respective absences permit the omission 
of certain steps in the procedure. 

Apparatus 

3. A suitable extraction apparatus, 
such as the Soxlilet or Underwriters’ 
Laboratories flask, is required. 

Reagent 

A, Exit action Solvent . — ^Add 4 ml. of 
HCI (sp. gr. 1.19) to 1 liter of 95 per cent 
ethyl alcohol and mix. . ' 


^ H. F. Launer, “Simplified Determination of Resin 
in Papers and Pulps,” Journal of Researckf Nat. Bureau 
Standards, Vol. 18, No. 2 (February, 1937) (Research 
Paper 973). 


Test Specimen 

5. The test specimen shall consist of 
strips about 0.25 by 1.6 In. (6 by 40 
mm.). The strips shall be cut from the 
sample in such a way as to be thoroughly 
representative. The specimen should 
not be ground, for more nonresinous 
materials are then extracted. 

Procedure 

6. {a) With the test specimen in 
moisture equilibrium with the atmos- 
phere of the balance, weigh out 5 to 7 g. 
of the strips to the nearest 10 mg. 
Immediately thereafter, weigh out test 
specimens for the moisture determina- 
tion (Note 1), which shall be made in ac- 
cordance with the Standard Method of 
Test for Moisture in Paper, Paperboard, 
and Paperboard and Fiberboard Con- 
tainers (A.S.T.M. Designation: D 644).® 

Note 1.— If the paper contains paraffin or 
similar wax, or oil, it may not be practicable to 
determine moisture. In such cases the moisture 
determination may be omitted. 

(6) If mineral matter reacting with, 
or dissolved by, hydrochloric acid is 
present, immerse the test specimen for 
the rosin determination in approximately 
normal aqueous HCI for 5 min., drain 
off the acid solution, wash the specimen 
free from acid with tap water followed 
by distilled water, and dry at room tem- 
perature. If acid-reactive or acid-sol- 
uble mineral matter is absent, omit this 
preliminary acid treatment. 

{c) Place the strips lengthwise in the 
siphon cup of the extractor, taking care 
to avoid packing them together tightly. 
For the extraction use about two to 
two and one-half times the volume of 
solvent required to fill the siphon cup. 
Extract at a rate of 15 siphonings per 
hour (which should yield a volume of 
about 250 ml of solvent distilled per 
hour) for a period of 2 hr. for uncoated 
or non-surface-sized papers and 2.5 hr. 

‘6 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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for coated or surface-sized papers (Note 
2). The extraction should not be con- 
tinued much. longer than specified.- 

Note 2.-— The time of extraction specified 
may not be sufficient for certain heavy types of 
paperboard; such as container board, press- 
board, binders board and pasted' board, and for 
such paperboards the extraction procedure may 
not yield strictly quantitative results. 

(d) When the extraction period is 
completed, evaporate the solvent in the 
flask on the steam bath until the odors 
of alcohol and HCl are no longer notice- 
able. Place the flask in an oven at 100 C. 
for 15 min., cool to room temperature, 
and add 20 ml. of anhydrous ether. 
The rosin dissolves in from 5 to 30 sec,, 
but if covered by foreign material it must 
be uncovered by scraping the mass with 
a stirring rod. If necessary, let the 
ether solution stand 15 to 20 min. to 
further the coagulation and the settling 
out of the foreign matter. Filter the 
solution with suction through a filter 
paper of close texture, cut to fit a Gooch 
crucible, directly into a weighed beaker. 
It is usually necessary to refilter the 
filtered solution through the same paper. 
Rinse with another 20-mL portion of 
ether, adding the rinsing to the solution 
in the weighed container. Evaporate 
the ether, then dry in an oven at 100 C. 
for 15 min. and weigh to the nearest 
1 mg. Repeat the drying and weighing 
until the weight is constant to within 
plus or minus 1 mg. (Note 3). 

Note 3. — There is a possibility that there 
may be present materials other than rosin which 
might be extracted and therefore would be 
reported as rosin. 

(e) If paraffin or similar waxes are 
present, after weighing the container 
plus rosin and wax add about 25 ml. 
of 0.5 N alcoholic potash solution, heat 
to not over 60 C, for 15 min,, cool to 
room temperature, and transfer to a 
separatory funnel. Wash the beaker 
with about 25 ml, of ether and then with 


about 50 ml. of water, .adding all wash- 
ings to the separatory '.funnel. .Add 
sufficient water or ether, or both, so that 
the funnel contains, about ,,25 'ml., of ■ 
ether and 150 ml. of water. Shake the., 
funnel, well, add about 2 g. of NaCl, 
shake the funnel once more,, and let 
stand until the liquids have separated. 
Draw off the water solution into another 
separatory funnel and wash with 25 ml. 
of ether. Drain the two ether solutions 
into a weighed beaker, wash both fun- 
nels with about 20 ml. of ether, adding 
the washings to the beaker, and evapo- 
rate the ether. Dry the container and 
residue at 100 C. (Note 4) for IS min. and 
weigh to the nearest 1 mg. Repeat the 
drying and weighing until weight is 
constant within plus or minus 1 mg. 
The material thus obtained will be 
paraffin or similar wax, plus the un- 
saponifiable material from the rosin, 
which, for most purposes and in the 
absence of definite knowledge regarding 
the particular rosin in the paper under 
test, may be assumed to be 5 per cent of 
the rosin in the paper. To obtain the 
weight of the rosin, divide the weight of 
the combined rosin and wax, less the 
weight of the wax, by 0.95. 

Note 4. — If the paper contains waxes or oil 
volatile at 100 C. and it is not practicable to dry 
the residue at a lower temperature, the rosin 
should be separated from the oil by saponifica- 
tion, and determined directly, as prescribed in 
the following alternate method. 

(/) AUernate Treatment of Rosin -Wax 
Extract Where a Direct Determination 
of Rosin is Desired,—Wsish the weighed 
rosin - wax residue obtained from the 
alcohol-extracted paper into a wide- 
mouthed flask, using about 25 mh of 
ether. Add about 25 ml. of 0.5 N al- 
coholic potash and about 100 ml. of 
water. Heat the contents of the flask 
to boiling under a reflux condenser for 
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30' min., cool to Toom temperature, add 
about 25 ml of ether, transfer to a sep- 
aratory funnel, and wash the flask first 
with water: and then with ether, adding 
the washings to the funnel Add about 
2 g. of NaCl to the separatory funnel, 
shake well, and let stand until the liquids 
have separated. Draw off the water 
solution into a beaker. Add 50 ml 
of water and about 2 g. of NaCl to the 
ether solution in the separatory funnel, 
shake well, let stand until the liquids 
have separated, and draw off the water 
solution, adding it to the first one ob- 
tained. Add to the combined winter 
solutions 2 drops of methyl orange in- 
dicator, then carefully acidify by adding 
5 N H 2 SO 4 until the solution is definitely 
pink, and then add 1 ml more of the 
acid. Cool the solution to room tem- 
perature, transfer to a separatory fun- 
nel, add 25 ml of ether, and wash the 
beaker with about 10 ml of ether, adding 
the washings to the funnel Add about 5 g. 
of NaCl, shake the funnel well, let stand 
until the liquids have separated, draw off 
the water solution into another separa- 
tory funnel, and wash it twice more, 
using about 20 ml of ether each time. 
Transfer all ether solutions to a weighed 


beaker, washing all containers ' with 
ether. Evaporate the ether, dry ' in an 
oven at 100 C. for 1 hr. and weigh to 
the nearest 1 mg. Repeat the. drying; 
and weighing until weight is constant to 
within plus .or minus 1 mg. The weight 
of the rosin thus found is assumed to be 
05 per cent of that in the paper. 

Note 5 —If the paper contaias saponifiable 
fats or greases in addition to rosin, the alternate 
method described above will give results higher 
than the true rosin content, as they will be 
included with it. In this case, the analyst may 
apply such modifications to the method as are 
considered justifiable and the report should 
state what modifications of the method 
were used. 

Report 

7. The result of the rosin determina- 
tion shall be expressed to the nearest 0.1 
per cent by weight of the paper dried 
at 100 to 105 C. whenever practicable. 
When this is not practicable, it shall be 
expressed as a percentage of the paper 
as received or air-dry and the report shall 
so state. 

Reproducibility of Results 

8. The report shall be the average of 
at least two determinations. The per- 
centage results of duplicate determina- 
tions should agree within 0.2. 
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Standard Method of 

SAMPLING PAPER AND PAPER PRODUCTS ^ 



A.S.T.M. Designation: D 585 - 42 

Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 585; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for sampling paper and paper products. 

Sample 

2. (a) The sample, unless otherwise 
.specified, shall consist when possible of 
specimens each cut not less than 11 by 
11 in. This allows margin for trimming 
to exactly 10 by 10 in., which simplifies 
the calculation in the basis weight 
determination. A sufficient number of 
specimens to complete the tests shall 
be taken. 

(J) The specimens shall be kept 
smooth and flat, and protected from ex- 
posure to direct sunlight, contact with 
liquids, and other harmful influences. 
Care shall be exercised in handling the 
specimens if acidity or other chemical 
■characteristics, optical, surface or other 
physical characteristics affected by the 
moisture of the hands are to be deter- 
mined, Specimens to be tested for 


i Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJd. 
‘Committee D-6 on Paper and Paper Products. 

* Prior to adoption as standard, this method was 
S>ublished as tentative from 1940 to 1942. 


moisture shall be placed immediately 
after sampling in an airtight container 
for storage. 

Size of Sample 

3. The specimens comprising the 
sample shall be so selected as to be rep- 
resentative of the entire lot of paper. 
Not less than 5 nor more than 20 sets 
of specimens, comprising one set from 
each unit, shall be taken as follows: 


Total Units Units to be 

in Shipment Sampled 

Less than 100 5 

100 to 399 5to20« 

400 or more... 20 


® That is, 5 per cent of the total number of units in 
the shipment. 

The units shall be rolls, cases, frames, 
skids, or bundles. 

Method of Sampling 

4, {a) In the case of rolls, care shall 
be taken to select sheets that are not 
damaged. It is good practice to dis- 
card the first three layers of the roll to 
be sure of obtaining a unit sample in 
good representative condition The 
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specimens shall be cut from sheets 
taken across the full' width of several 
•unharmed layers. 

(b) In the : case of sheet-cut paper, 
specimens shall be cut from at least five 
consecutive sheets taken from a point 
or points over | in. from the top or 
bottom of each case, frame, skid, or 
bundle. 

(^;) The specimens shall be trimmed 
with their edges exactly parallel to the 
machine and cross directions of the 
paper. 


(d) A sufficient number of specimens 
from each. unit sampled shah then be 
arranged consecutively in rotation to 
form a representative sample. 

Resampling 

5. In case of necessity for resampling 
a lot of paper, the samples shall be taken 
as prescribed in Sections 2 to 4, except 
that they shall be taken from different 
units than those previously sampled. 

Note. — P hysical tests, except for weight, 
shall not be made on portions of specimens in. 
which there are flaws or watermarks. 


TECHHICAI, ASSOCIATIOIC OF PULP AHB' PAPER INDUSTRY ^ 
STANDARD, .METHOD T4l9ni-45 


Standard Method of Test for 


STARCH IN PAPER 1 



A.S.T.M. Designation: D 591 ~ 42 
Adopted, 1942.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 591; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers pro- 
cedures for the qualitative and quanti- 
tative determination of starch in paper. 

Qualitative Test 
Qualitative Test 

2. A positive result obtained by the 
following procedure shall be regarded 
as conclusive evidence of the presence 
of starch in paper: 

Boil about 0.5 g. of the sample for 
several minutes with 10 ml. of water. 
Filter off the extract, cool it, and add 
one drop of approximately 0.001 N 
iodine solution (Note). A blue colora- 
tion indicates starch. If only a faint 
violet coloration is obtained, this should 
be disregarded, as constituents of paper 
other than starch sometimes give such a 
reaction. 

Note. — I t is convenient to prepare an 
approximately 0.01 N stock solution of iodine 


(0.13 g. of iodine and 2.6 g. of KI in 100 ml. of 
water) and dilute a portion of this to a pale 
yellow color (about 0.001 N) each time a test 
for starch is made. 

Quantitative Determination 
Apparatus 

3. Balance. — The balance shall be 
sensitive to 1 mg. 

Reagents 

4. (a) Ammonium Hydroxide {ap- 
proximately 6 N). — Mix 400 ml. of 
NH4OH (sp. gr. 0.90) with 700 ml. of 
water. 

(6) Hydrochloric Acid (5:4). — Dilute 
five volumes of c.p. HCl (sp, gr. 1.19) 
with four volumes of water. 

{c) Iodine Solution {approximately 
0.02 N). — Dissolve 5 g. of KI in about 
10 ml. of water; then dissolve in this 
solution 2.6 g. of iodine and dilute to 
lliter. 

(d) TJnimrsal Indicator?— Dhsolvt 

0.005 g. of thymol blue, 0.0125 g. of 


I Under the standardization procedure of the Society, * S. Yamada, Japanese Patent 9966i, February 21 , 1933; 

this method Is under the jurisdiction of the A.S.TdU, v Chemical AbslractSy Vol. 28, April 20, 1934, p, 2258; D. T. 
Committee D-6 on Paper and Paper Products. Jackson and John L. A. Parsons, “A Universal Hydrogen 

* Prior to adoption as standard, this method was Ion Indicator,’' Tech. Assoc, of Pulp and Paper Industry, 
published as tentative from 1940 to 1942- Papers 1936, p. 236. 
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methyl red, 0.0,50 ,g. of, bromthymol blue, 
and 0 , 100 " g- of pbenolphtbalein in 100 
:mL of neutral, 95 per cent ethyl alcohol. 
Neutralize the, solution with 0.05 N 
NaOH and dilute to 200 ml. with water. 
The indicator solution should then be 
green.. 

To determine the pH of a solution, add 
0.5 ml- of the universal indicator to 5 ml. 
of the solution under test in a compara- 
tor tube approximately 0.5 in. in inside 
diameter, mix, and note the color of the 
mixture. The color indications for pH 
values from 4 to 10 are as follows: 


Color pH Value 

Red 4 

Orange.... 5 

Yellow 6 

Green® 7 

Biue^ 8 

Indigo Blue 9 

Violet.. 10 


“Light green with solutions obtained from paper, 

® Dark green with solutions obtained from paper. 

Note. — The universal indicator described 
is that of Yamada.^ It is useful for determining 
the pH value of a solution to the nearest whole 
number. 

(e) Asbestos for Gooch Filters. — Digest 
the asbestos, which should be the amphi- 
bole variety, with diluted HCl (1:3) for 
2 to 3 days at room temperature. Wash 
free of acid. Digest for a similar period 
with NaOH solution (10 per cent), and 
then treat for 3 to 4 hr. with hot, alka- 
line tartrate solution of the strength 
used in sugar determinations (solutions 
that have stood for some time may be 
used). Wash tlie asbestos free of alkali, 
digest with diluted HNOa (1:3) for 3 to 
4 hr., wash free of acid, and shake with 
water into a fine pulp. 

(j) Fehling^s Solution {Allikn Modifi- 
cation)'. 

■ f SoUction fA, — Dissolve '69.3 g. of 
GuS 04 « 5H20,' of high purity and as free 
from Fe as possible, in 1 liter of water- 
S elution Dissolve 250 g. of KOH 

of good quality and 345 g. of Rochelle 


salts (potassium sodium tartrate) in , ! 
liter of water. 

Mix equal volumes of solutions A and 
B immediately before use. 

(g) Pkospkomolybdaie Solution.--— 'Dis- 
solve 100 g. of sodium molybdate (43 
per cent molybdenum) and 75 ml. of 
syrupy H 3 PO 4 (85 per cent) in a solution 
consisting of 275 mi. of H 2 SO 4 (sp. gr, 
1.84) added to 1750 ml. of water. 

(h) Potassium Permanganate Solu- 
tion iV). — Dissolve about 16 g. of 

KMnOi in 1 liter of water. Allow this 
approximately 1 N solution to stand in 
the dark, preferably for one month, then 
dilute a portion of it thirty times and 
standardize against the National Bureau 
of Standards standard sample 4Qc of 
sodium oxalate. 

Test Specimen 

5. (a) The test specimen shall consist 
of 5 g. of paper, weighed to the nearest 
5 mg. It shall be thoroughly disinte- 
grated (Note). Soft papers may be 
macerated in a small quantity of water. 
Hard papers may have to be torn into 
small pieces and shaken in a stoppered 
bottle with about 75 ml. of water and 
some lead shot, after which the lead shot 
shall be removed. However prepared, 
the test specimen shall be thoroughly 
representative of the sample of paper 
submitted for test. 

Note. — ^T lie paper should not be ground, 
as papers containing mineral filler, when disin- 
tegrated in a mechanical grinder, lose consider- 
able of the mineral filler and may also lose 
starch. 

(b) At the time the specimen for the 
starch determination is weighed, a sepa- 
rate test specimen shall be prepared and 
tested for moisture in accordance with 
the Standard Method of Test for Mois- 
ture in Paper, Paperboard, and Paper- 
board and Fiberboard Containers (A.S. 
T.M. Designation: D 644) of the Ameri- 
can Society for Testing Materials.^ 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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Procedijre® ' 

' ; 6, (a) If the test specimen is acidic, 
dilute it to 100 ml., heat to boiling, and 
then add two drops of 6N NH4OH. ' 
This should bring the pH value of the 
solution to 7 and the high temperature 
should tend to vaporize any excess of 
NHs. If the pH value of the solution 
is not 7, adjust it to 7 as measured with 
the universal indicator. If the mixture 
is alkaline, add 5 ml. of HCl (5 : 4) and then 
neutralize the excess acid with a slight 
excess of NH4QH. Expel the slight 
excess of the latter by boiling as before, 
after dilution to 100 ml. 

(^) To 100 ml. of water add 0.5 g. of 
NaCL After washing out the mouth 
thoroughly with water, collect 10 ml. of 
saliva (Note 1), add to the salt solution, 
and heat to 50 C. 

(c) Cool the water suspension of the 
test specimen to 50 C., and add the 
saliva-salt solution. Store the mixture 
at 40 to 55 C. for 1 to 4 hr., then remove 
a few fibers and test for unconverted 
starch with 0.02 iV iodine solution. If 
a blue coloration appears, filter the main 
solution and digest the pulp with an- 
other 10 ml. of saliva as before (Note 2). 
Test the pulp again for unconverted 
starch. Gontinue the digestions with 
saliva -salt solution until the pulp no 
longer gives a blue color with 0.02 N 
iodine solution. 

Note 1. — Some salivas are more active than 
others, and therefore it may not always be 
necessary to use 10 ml. Some salivas may also 
show a slight reducing reaction with FehHngfs 
solution. It is advisable to test the saliva 
for such effect; if found, run a blank test and 
apply the proper correction to the final test 
results. However, this condition wiU only 
rarely be found if the saliva is properly col- 
lected. 


sSeeE. C. Griffin, “Teclmical Methods of Analysis,” 
Second Edition, McGraw-Hill Book Co., Inc., New York, 
N. y (1927) , p. 479; also W. Tottingham and M. Gerhardt, 
‘‘Quantitative Methods for the Analysis of Hemicellulose 
in Apple Wood,” Industrial and Engineering Ckemistryt 
Vol. 16, p. 139 (1924). 


Note, 2.*— The .second, dige,stion with saliva,.,, 
is usually necessary where fairly large amounts 
of rosin sizing are used, or the paper has been ' 
overdried. If the stock has , been very, ^ thor- 
oughly beaten, or the paper overdried, the pulp, 
when tested after the digestion with saliva-salt 
solution, may persistently give a faint blue 
color. This, however, is not a positive indica- 
tion of unconverted starch, but indicates that 
the cellulose has attained the same iodine dis- 
persing power as the starch. Few papers 
require more than two digestions with saliva. 

(d) Filter the solution through a 
Biichner funnel, being careful that no 
fibers reach the filtrate, and after suck- 
ing all the water through the funnel, 
wash the pulp three times with boiling 
water, draining completely after each 
washing. Combine all filtrates, add a 
few drops of HCl, and concentrate to 
200 ml. by evaporation on the steaDi 
bath. Transfer to an Eiienmeyer flask, 
add 20 ml. of HCl (5:4), fit the flask with 
a reflux condenser, and boil moderately 
for 2 hr. Cool the solution and transfer 
to a 250-mL volumetric flask. After 
diluting to the mark and mixing, pipette 
25 ml. of the solution into a 400-mL 
beaker, and slowly add dry Na 2 C 03 , 
while stirring, until effervescence ceases. 

(e) To 30 ml. of Fehling^s solution ^4 
in a 250-ml. beaker, add 30 ml, of solu- 
tion B and 60 ml. of water. Heat to 
boiling, making sure no visible reduction 
takes place, add to the solution from the 
paper, and boil for exactly 2 min., keep- 
ing the beaker covered. Filter at once 
without dilution, and determine the 
amount of CU 2 O formed, either gravi- 
metrically or volumetrically as de- 
scribed in Paragraph (/) or (g). 

(f) Gravimetric Method , — Prepare a 
Gooch crucible with a pad of the special 
asbestos, approximately i in. in thick- 
ness. Wash thoroughly with water by 
suction to remove' , :fine' particles; then 
wash with 10 to 15 ml. of alcohol, and 
finally with 10 to 15 ml. of ether. , Dry 
in an oven at 100 to 105 C. for 30 min., 
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cool IE a desiccator, and.. weigh. Decant 
the major portion of the solution con- 
taining the precipitated CU 2 O through 
the Gooch crucible under suction; then 
transfer the precipitated oxide, and 
wash five times with hot water, three 
times with alcohol, and three times with 
ether. 'Dry the crucible and contents 
at 100 to 105 G. for 30 min., and weigh 
the CU 2 O. From the weight of CU 2 O, 
calculate the amount of dextrose accord- 
ing to the tables of Allihn.® The cal- 
culated amount of dextrose multiplied 
by 0.9 gives the amount of starch in the 
aliquot part of the solution. 

(g) Volumetric Method , — Filter the 
solution containing the CusO through 
asbestos in a small Buchner funnel and 
wash with about 200 mL of hot water. 
Transfer the asbestos mat and the CU 2 O 
back to the precipitation beaker, add 
25 ml. of the phosphomolybdate solu- 
tion, and mix thoroughly with a glass 
stirring rod. Filter through the same 
Buchner funnel, and wash thoroughly 


«See A. E. Leach, "Food Inspection and Analysis,” 
Fourth Edition, John Wiley and Son, New York, N. Y. 
(1920), p. 633; also "Methods of Analysis,” Assn, of 
Official Agric. Chemists, 1935, pp. 636 and 637. 


with cold water until all trace of blue 
color is removed. Dilute the filtrate to 
400 to 7'00 ml., and titrate with ^ 
KMn 04 to a faint pink color after the 
blue color has been discharged. 'If the 
titration requires less than 15 ml. of 
N KMn 04 , the analysis should be 
repeated, using a 50-ml. aliquot of the 
prepared solution from the paper (Para- 
graph (i), and using 35 ml. instead of 
60 ml. of added water (Paragraph (d)). 

1 ml. of N K:Mii 04 = 0.0011 g. of 
dextrose = 0.00099 g. of starcb 

NoxE.—Calculation of the weight of CuiO 
is Eot necessary if an accuracy of 0.1 to 0.2 
per cent starch, dry-paper basis, is sufficient. 
If desired, the weight of CU 2 O may be calculated 
from the volume of KMn 04 , and the tables of 
Aliihn® may be consulted for the corresponding 
weight of dextrose. This may not be more 
accurate, however, than using the factor given, 
since the various kinds and grades of starch 
differ as to relationship to CU 2 O. If possible, 
the factor should be determined for the kind 
of starch contained in the paper. 

Report 

7. The amount of starch shall be 
reported as a percentage of the moisture- 
free paper to the nearest 0.1 per cent. 
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Standard Method of Test for 

SURFACE WETTABILITY OF PAPER (ANGLE-OF-GONTACT 

METHOD)! 



A.S.T*M. Designation: B 724-45 
Adopted, 1945,2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 724; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

f . {d) This method® of test is intended 
for the quantitative determination of 
the resistance of paper surfaces to wet- 
ting. It is useful for the determination 
of writing and ruling qualities of papers, 
as well as for other problems related to 
the resistance which the surface of paper 
offers to water and aqueous vehicles. 
This method deals with the behavior of a 
drop of water, or liquid solution, when 
applied directly to the surface. 

(h) The procedure described in this 
method involves the measurement of the 
angle of contact, since the advancing 
angle of contact between a liquid and a 
smooth solid surface is a measure of the 
wettability of the latter by the former. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1943 to 1945. 

* For further information on this method tlic following 
reference may be consulted: 

G. H. Lafontaine, “Surface Wettability of Paper and 
the Angle of Contact Test/" Trade Journal Vol. 

113, No. 6, p. 29 (August 7, 1941). 


Apparatus 

2. {a) Preferred Apparatus, ~ The 
preferred projection apparatus, a side 
elevation of which is shown in Fig. 1, 
shall consist of the following: 

(i) Lamp, — A ventilated lamp 
house containing a 250-w. projection 
lamp. 

(Z) Tube and Lens , — A tube con- 
taining a lens to concentrate the beam 
of light. 

(J) Water Cell,— K water cell in- 
serted between the source of light and 
the lens for concentrating the light 
rays on the stage on which the speci- 
men is placed. 

(4) Stage , — ^A horizontai stage to 
hold the test specimen, with means 
for vertical adjustment of the stage. 

(5) Microscope,— Kmicxosm^t draw 
tube fitted with a 2S-mm. objec- 
tive and a 5X ocular mounted hor- 
izontally beside the stage. 

{6) Hypodermic Syringe, — • A 
syringe, such as a 1-ml. hypodermic, 
equipped with a No. 27 stainless steel 


432 


433 


Test foit SmFACE ' WEXTABsm dt Paper (D 724'— 4S) 


. Reedies capable of,, providing ISO to 
200 drops per milliliter. 

(7) Screen— A frosted glass screen 
with clamps to hold a sheet of paper. 
(b) ■ Alternate Apparatus . — If the ap- 
paratus described in Paragraph {a) is 
not available, a microscope may be used 
for projecting the image of the drop on 
the glass screen. A small projection 
microscope with a magnification of about 
BOX is suitable for this purpose. A 
small burette or pipette adjusted to 
deliver 1/150 to 1/200 ml. may be sub- 
stituted for the hypodermic syringe. 


dyes shall not be used. The ink, shall be 
prepared as follows: Dissolve, the tannic 
acid and gallic acid in about 400 ml. of 
'water at about 50 C. (122 F.). In a sep- 
arate vessel, dissolve the ferrous sulfate 
in about 200 ml. of water which contains 
the hydrochloric acid. In a third vessel, 
dissolve the dye in about 200 ml. of 
water. Mix the three solutions in a 1- 
liter volumetric flask, rinse the vessels 
with small portions of water, and add the 
rinsings to the flask. Add the carbolic 
acid. Dilute with water to 1 liter at 
20 C. (68 F.). 



Test Liquids 

3. {a) Standard Ink . — -A standard ink 
having the following composition shall 
be used for determining the writing 
qualities of the paper: 


Tannic acid, g — 11.7 

Gallic acid crystals, g 3.8 

Ferrous sulfate, g 15.0 

Hydrochloric acid, dilute, g. . . . 12 .5 

Carbolic acid (phenol), g 1.0 

Soluble blue (Shultz No. 539, 

Color Index 707), g 3.5 

Water to make a volume 

of 1000 ml. at 
20 C. (68F.) 


All chemicals used in preparing the ink 
shall be of G.p. quality. Some blue dyes 
react with carbolic acid to cause a film 
having a metallic appearance and such 


{b) Ruling Fluid . — A solution of 0.01 
g. of a water-soluble blue dye dissolved 
in 100 ml. of distilled water shall be used 
for determining the ruling qualities of 
the paper. 

(c) Water . — ^For determining surface 
wettability, distilled water is preferable, 
but water of ordinary purity (tap water) 
may be used. 

Sampling 

4. The paper shall be sampled in ac- 
cordance with the Standard Method of 
Sampling Paper and Paper Products 
(A.S.T.M. Designation: D 585) of the 
American Society for Testing Materials.'^ 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Test Specimens , 

S, Tile test specimens shall con- 
sist of strips f in. in width and 4 in. 
ill length, cut from the paper sample in 
such a way as to be thoroughly represen- 
tative of it. Tests shall be made on 
both sides of each specimen. The actual 
areas tested shall not contain water- 
marks or visible blemishes or defects, 
and shall not be touched with the fingers 
or contaminated in any other way. 

(b) The test specimen shall be con- 
ditioned in accordance with the Stand- 
ard Method of Conditioning Paper and 
Paper Products for Testing (A.S.T.M. 
Designation : D 685) of the American 
Society for Testing Materials.^ 

Procedure 

6» (a) Test the specimens under 

standard atmospheric conditions as pre- 
scribed in Method D 685. 

(b) Place a test specimen on a slide 
on the stage and hold it in close contact 
with the slide by means of small weights 
placed close enough on each side of the 
needle to prevent distortion of the speci- 
men when it is wetted by the drop of test 
liquid., 

(c) Set the tip of the hypodermic 
needle in. from the surface of the 
specimen and deposit a drop of the test 
liquid 1/150 to 1/200 ml. in size on the 
specimen. Project the image of the drop, 
enlarged 25 to 30 times, on the glass 
screen, at the back of which shall be 
clamped a sheet of transparent onionskin 
paper. Draw a horizontal line on the 
transparent paper coinciding with the 
image of the base of the drop and as soon 
as the specified time of contact of the 
drop with the specimen has elapsed, 
quickly draw two tangents to the curve 
at the two points of contact with the 
base line. The average of the interior 
angles between the base line and the two 
tangents is designated as the angle of 


contact. Measure the angles with a 

protractor. 

(d) For initial wettability, used as a 
measure of ruling quality, make the 
measurement of the angle of contact 
after the drop has been in contact with 
the paper for 5 sec. For rate of change 
in wettability, used as a measure of writ- 
ing quality, make two measurements, 
one after 5 sec. and the other after 60 
sec. have elapsed. 

(e) Make measurements for 5 drops 
on each side of the specimen. Between 
successive tests, move the transparent 
paper on the screen to a new position 
to avoid confusion of lines. 

Calculation and Report 
7. (a) Calculation . — Calculate the 

rate of change in wettability as follows: 

*=(^) 

where: 

R = rate of change in wettability in 
degrees per second, 

A == average angle of contact after 5 
sec., and 

a = average angle of contact after 60 
sec. 

{b) Report . — The report shall include 
the following: 

(i) The initial wettability reported 
as the average angle of contact after 
5 min. exposure, expressed to the 
nearest degree, or rate of change in 
wettability calculated in accordance 
with Paragraph {a) and reported to two 
significant figures for each side of the 
specimen. If possible to identify the 
two sides, the results shall be identified 
as to the wire side and the felt side; 
otherwise, the sides may be arbitrarily 
designated, as for example, A and B. 

{2) Maximum, minimum, and aver- 
age test results for each side of the 
specimen tested, reported to two sig- 
nificant figures. 

{3) The test liquid used. 
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Reproducibility 

8. 'While variations' ' between indi- 
vidual drops on one side of a specimen 
may be as great as 5 deg., the average 
of 10 angles of contact will usually not 
vary by more than 2 deg. between two 
specimens cut from the same sheet of 
paper,' when tested on the same side of 
the sheet, unless the variations in finish 
between the two specimens cut from dif- 
ferent parts of the sheet are too pro- 
nounced. 

Interpretation of Results ■ 

9. (a) In considering the results of 
the angle-of-contact test, the following 
factors which all affect the results in 
different degrees shall be considered: 
The wetting power of the test liquid used, 
the wettability of the sizing agent used 
in sizing the paper, and the surface 
texture or finish of the paper. 

(b) The standard ink will give smaller 
angles of contact than water, indicating 
that it wets the paper more readily than 
water. Papers surface-sized with starch 
will generally show smaller angles than 
papers of about the same finish tub- 
sized with glue. A machine-finished 
paper with a grainy surface would have 
a greater angle of contact than a plated 
or calendered paper of equal sizing. It 
is known that, in practice, ruling results 


will depend on both the surface wet- 
tability and finish of : the paper. ' Thus, 
the 'angle of contact, should give a very 
good idea of what is to be expected. ■ It 
has been found that excellent ruling will 
prevail' when the average angle of con- 
tact with water h'es between 100 and 90 
deg.; when the angle of contact is greater 
than 110 deg., breaks are likely to occur 
in the ruled lines; when the angle is 
smaller than 90 deg., the ruling fluid is 
likely to feather. 

(c) In determining the writing qual- 
ities of paper by means of the angle-of- 
contact method, it is necessary to take 
into account that medium-sized papers 
will at times show feathering only after 
the ink has partly penetrated the paper. 
The tendency of a writing paper to 
feather will be indicated by the decrease 
in the angle of contact between measure- 
ment after 5 and 60 sec. In hard-sized 
papers, the angle of contact will not 
change perceptibly between the meas- 
urements at 5 and 60 sec. If the initial 
wettability is less than 90 deg., it is 
quite likely the paper will feather as 
soon as it is written upon. 

(d) As the range in contact angle for 
specific conditions is small, refined tech- 
nique is required in performing the test. 
This is indicated by the above examples 
as well as by theoretical considerations. 
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Standard Method of Test for 
INTERNAL TEARING RESISTANCE OF PAPER* 



A.S.T.M. Designation; D 689 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 689; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for determining the average force in 
grams required to tear a specimen of 
paper. 

Apparatus 

2. (a) The testing machine shall be 
of the pendulum impulse type and shall 
consist of the following: 

(1) A stationary clamp, 

(2) A movable clamp carried on a 
pendulum, preferably formed by a 
sector of a wheel or circle, free to swing 
on a ball bearing or other substantially 
frictionless bearing, 

(3) Means for holding the pendulum 
in a raised position and means for releas- 
ing it instantaneously, and 

(4) Means for registering the maxi- 
mum arc through which the pendulum 
swings when so released. The pendu- 
lum shall carry a circumferential scale, 
graduated from 0 to 100 so as to' read 
against the pointer the work done in 
gram-centimeters by the pendulum when 


I Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-6 on Paper and Paper Products. 

s Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 


tearing a specimen of paper^ divided by 
137.6 (one-sixteenth of the force in 
grams required to tear a specimen) 
(Note 1). 

(&) With the pendulum in its initial 
position ready for a test, the two 
clamps shall be separated by an interval 
of 2.5 mm. (0.10 in.) and so aligned 
that the specimen clamped in them lies 
in a plane perpendicular to the plane of 
oscillation of the pendulum with the 
edges of the jaws gripping the paper in a 
horizontal line, a perpendicular to which 
through the axis of suspension of the 
pendulum is 104 mm. (4 in.) in length 
and makes an angle of 27.5 deg. with the 
plane of the paper. 

(c) The clamping surface in each jaw 
shall be over 25 mm. (1 in.) in width 
and over 12 mm. (0.5 in.) in depth. 

Adjustment of Apparatus 

3. (a) For apparatus having a sector 
as a pendulum, and which tears the 
specimen as it moves toward the right, 
draw hi pencil line on the base or stop- 
mechanism 1 in. to the right of the edge 
of the sector stop. With the sector 
raised to its initial position and the 
pointer set against its stop, on releasing 
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tke sector and -ho.ldmg the stop, dowHj 
the sector should make^ at. least 20 .com-' 
plete ...oscillations before the edge of .the 
.sector, which ■ engages with the. stop no 
longer passes to the left of the pencil 
line. ■ OtherwisCj ,, the bearing shall be 
oiled and adjusted. 

(b) Level the instrument so that, w.ith 
the sector free, the line on the sector 
indicating the vertical from the point of 
suspension coincides with a correspond- 
ing point on the base of the instrument, 
usually placed on the stop mechanism. 
After leveling, operate the instrument 
several times with nothing in the jaws, 
the movable jaw being closed, to ascer- 
tain if the pointer registers zero with 
no load. If zero is not registered, the 
pointer stop should be suitably adjusted 
until the zero reading is obtained. If 
it is necessary to move the pointer 
stop, the pointer friction should be 
checked as follows: Set the pointer at 
the zero reading on the scale before 
releasing the sector and after release 
see that the pointer is not pushed more 
than three scale divisions beyond the 
zero. A reading of more than three 
divisions indicates excessive pointer fric- 
tion and the pointer should be removed, 
the bearing wiped clean, and a trace of 
oil or petroleum jelly applied. When 
the pointer friction has been reduced, 
finally adjust the pointer stop. 

Calibration of Apparatus ■ ' 

4. (a) Level and adjust the instrument 
on a level sheet of plate glass and clamp 
a known weight in grams, IF, to the 
radial edge of the sector beneath the 
jaws. The center pf gravity of the 
weight (including means of attaching) 
shall be previously marked by a punched 
dot on the face of the weight that is to 
be in the front of the instrument. 

(h) Raise and set the sector as for 
tearing a sheet and, by means of a 
surface gage or other convenient means, 


measure the height, in ' centimeters, 
iJ, of the center: of. gravity of the 
weight above the glass ' plate. Then 
release the sector, allow it to swing, 

■ and note the pointer reading. , Without ' , 
touching the pointer, raise the sector 
until the edge of the pointer just meets 
with its stop, in which position again 
determine the height in centimeters, 
A, of the center of gravity of the weight 
above the glass plate. 

(c) The work done is W{H — h) 
gram-centimeters. The pointer reading 
for the standard instrument and method 
specified should be as follows: 

W(H - h) 

137.6 ; 

(d) Five weights from 75 to 400 g. 
form a suitable range for the calibra- 
tion, one or more being clamped on the 
edge of the sector in different positions, 
the work done in raising each being 
calculated and added together, 

(^) A record shall be made of devia- 
tions of the indicated readings and 
corresponding corrections made in the 
test results, 

(/) It is unnecessary to repeat the 
calibration of the instrument provided 
it is kept in adjustment and no parts 
become changed or worn, but the tearing 
distance, which equals 43 mm, (1.69 in.) 
shall be checked prior to each series of 
tests and adjusted if necessary. 

Test Specimens 

5. Test specimens shall be cut accu- 
rately in each principal direction of the 
paper about 76 mm. (3 in.) in length by 
exactly 63 mm. (2.5 in.) in width with 
the slit to be cut 20 mm. (0.8 in.) in 
length, leaving exactly 43 mm. (1.69 
in.) between the end of the slit and the 
edge of the specimen. 

Test Conditions 

6. Samples shall be conditioned in 
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accordance with the Standard Method 
of Gonditioning Paper and Paper Prod- 
ucts for Testing (A.S.T.M. Designation: 
D 685) of the American Society for 
Testing Materials^ before the test speci- 
mens are cut. All test specimens shall 
be brought to a standard condition prior 
to testing in accordance with A.S.T.M. 
Method D 685, and all tests shall be made 
under the standard atmospheric condi-’ 
tions. 

Procedure 

7. {a) Level and adjust the testing 
machine, if necessary, before each set of 
tests. 

(&) Place the test specimen midway 
in the clamps with its upper edge parallel 
to the top of the jaws and so that the 
initial slit is at right angles to the top 
of the jaws (Note 2). Make alternate 
tests with the wire sides of the sheets 
comprising the test specimen facing 
opposite directions. Test enough sheets 
so that, when torn together (Note 3), the 
scale readings are between 20 to 60. 
Record the number of sheets so tested 
(1 to 16 sheets may be used). Make 
not less than five tests in each principal 
direction of the paper (Notes 4 and 5). 

(c) If the mean value of the lowest 
and the highest reading differs from the 
average of all the readings by more than 
10 per cent, test additional specimens 
until there is agreement within these 
limits. Discard an isolated very high 
or low result that is not repeated in 
duplicate when a consistent average 
has been obtained without the abnormal 
reading. Reject readings obtained 

s Appears in this publication, see Contents in Numeric 
Sequence of A,S.T.M. Designations at front of book. 


where the tear deviates more than 10 
mm. (I in.) from; the line of the initial 
slit. If results deviate more than this, 
a notation should be made and the 
deviation ' reported. Tf the side of the 
specimen above the movable clamp rubs 
against the sector as a tear is made, 
reject that reading. 

Calculation and Report 

8. {a) Report the results as the force 
in grams required to tear a specimen. 
Since the scale readings are made one 
sixteenth of the actual values, the tearing 
resistance values shall be calculated by 
multiplying the average instrument read- 
ing (corrected if necessary for calibration 
error) by 16 and dividing by the number 
of sheets torn at one time. Report the 
results as follows: 

Result Report to Nearest 

Below 10 units 0.1 g. 

10 to 19.9 0.2 g. 

20 to 49.9 0.5 g. 

50 and above 1 g. 

(6) Report the average, maximum, and 
minimum results for both principal 
directions of the paper and also the 
number of sheets torn at one time. 
Report results obtained on strips torn 
in the machine direction as resistance 
to tearing in the machine direction, and 
report results obtained on strips torn 
across the machine direction as resistance 
to tearing in the cross direction. 

Reproducibility of Results 

9. Duplicate determinations „ on dif- 
ferent sets of specimens from the same 
shipment and on different testing instru- 
ments should agree with each other 
within 7 per cent; 
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Explanatoey Notes 


■ Note 1.— TMs method determines the aver- 
age force in grams required to tear a sheet by 
measuring the work done in tearing a number 
of sheets together through a fixed distance. 
The scale indiGates the ratio of the work done 
(in gram-centimeters) in tearing the specimen to 
the total tearing length of 16 sheets. This total 
tearing length is 16 (sheets) by 4.3 cm. (tearing 
length per sheet) by 2 == 137.6 cm,, the factor 
2 being included because in order to tear a sheet 
through a given distance, the tearing force has 
to be applied through twice that distance. 

Note 2. — ^Perforating the specimens with a 
hole so that its edge is 4.3 cm. from their edges 
and cutting or tearing with the fingers the other 
side of specimens to the hole before inserting 
them in the instrument, gives the same results 
as slitting the specimen with the knife and is to 
be preferred for accurate work if a suitable 
punch having a jaw 4.3 cm, in depth from the 
inside edge of the plunger is available. 

Note 3. — ^The work done in tearing a num- 
ber of sheets of paper includes a certain amount 
of work to continuously bend the paper as it is 
torn, to provide for the rubbing of the torn edges 
of the specimen together, and to lift the sample 
of paper. Consequently, it is necessary to 
specify definite empirical requirements for both 
the apparatus and the method to keep the addi- 
tional w’ork not used for tearing to approxi- 
mately a definite quantity. With jaws arranged 
so that after slitting the clamped edges are at 
right angles with one of the edges pointing away 
from the tearing direction the readings may be 


very slightly increased, whereas if one of the 
edges is damped at right angles so as to point 
towards the tearing direction, the readings may 
be decreased slightly (up to 5 per cent) from the 
standard. The influence of the number of 
specimens torn at one time and also their size 
often appreciably affects the total work done; 
consequently, for accurate work, the method 
should be followed as closely as possible. 

Note 4. — ^As described by Carson and Sny- 
der (Note 5), the capacity of the Thwing-Elmen- 
dorf tearing tester may be doubled by attaching 
to the pendulum in a suitable manner an 
auxiliary weight of 2501 g. 

Note 5.— The following references may be of 
interest in connection with this method: 

A. Eimendorf, “Strength Test for Paper, 

VoL 26, p. 302 (April 21, 1920). 

P. L. Houston, “A Supplementary Study of 
Commercial Instruments for Determining the 
Strength of Paper/’ Paper Trade Journal, VoL 
74, No. 10, p. 43 (March 9, 1922). 

Mallett and Marx, “The Calibration of the 
Eimendorf Tearing Tester,” Proceedings, Tech- 
nical Section, Paper Makers’ Assn, of Great 
Britain, Ireland 4, p. 212 (March, 1924). 

F. T. Carson and L. W. Snyder, “Increasing the 
Capacity of the Eimendorf Tearing Tester,” 
Paper Trade Journal, Vol. 86, No. 13, p. 57 
(March 29, 1928). 

J. d’A. Clark, “Calibration of the Eimendorf 
Tearing Tester,” Technical Association Pa* 
pets, Technical Assn. Pulp and Paper Indus- 
try, Series XV, VoL 1, p. 262 (1932). 
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Standard Method oj Test for 
BULKING THICKNESS OF PAPERS 



A.S.T.M. Designation: D 527-41 

Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 527; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method of test for bulking 
thickness covers the procedure for meas- 
uring the average thickness of paper when 
placed in a pile, as for use in books. 

Bulking Thickness 

2. The bulking thickness of paper or 
paperboard is the average single-sheet 
thickness in thousandths of an inch 
when a pile of several sheets is placed 
under a steady pressure of 7 to 9 psi. 
between two circular and parallel plane 
surfaces, the smaller of which has an 
area of approximately 0.25 sq. in. (160 
sq. mm.). 

Note. — In general for ordinary papers, the 
average bulking thickness is approximately the 
same as the single-sheet thickness but usually 
from about 2 to 6 per cent lower. Also, de- 
pending on the type of paper, a variation in 
pressure of from 5 to 10 psi. causes a corre- 
sponding decrease in the results by about 3 per 
cent. Halving the area of the presser foot 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.Tid. 
Committee D-6 on Paper and Paper Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941. 


while maintaining the unit pressure constant 
results in an increase of from 1 to 3 per cent. 

Apparatus 

3. The micrometer shall conform to 
the following requirements: 

[a) It shall have two plane faces, the 
smaller of which is circular and 0.25 
to 0.33 sq. in. (160 to 215 sq. mm.) in 
area, corresponding to a diameter of 
0.56 to 0.65 in. (14.3 to 16,5 mm.). 
The faces shall be parallel to within 
0.0002 in. (0.005 mm.) and constrained 
to move apart in an axis perpendicular 
to themselves. 

(5) When the specimen is clamped 
between the faces, it shall be under a 
steady pressure of 7.0 to 9.0 psi. (0.40 
to 0.63 kg. per sq. cm.). 

(c) The distance between the gradu- 
ations on the dial shall be such as to 
permit of estimating the thickness 
to 0.0001 in. or less. 

{S) The micrometer shall be such as 
to repeat its readings to within 0.0001 
in. at zero setting or on a steel gage 
block. 

(d) Measurements made on standard 
steel thickness gages shall be within the 
following permissible variations: 
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Permissible Variation 
of Heading from 
Actual Thickness of 
Intervals , Standard Steel Gage 


0 to0.2S mm. (0 to 0.01 in.) . . . .0.0025 mm. (0.0001 in.) 
Over 0.2S to 1.02 mm. 

(0.01 to 0.04 in.) 0.0051 mm. (0.0002 in.) 

•Over 1.02 to 3.05 mm. 

(0.04 to 0.12 in.). 0.0102 mm. (0.0004 in.) 


Calibration 

4, (a) Parallelism of Faces . — hard 
steel ball about in. in diameter, 
fixed firmly in a thinner flat piece of 
metal to serve as a handle, shall be 
placed at different points on the anvil 
and the readings noted. 

(J) Accuracy of Readings . — The mi- 
crometer shall be set to zero and stand- 
ard gages shall be placed between the 
plane faces, and the corresponding dial 
readings observed over the range to be 
used. For precision measurements, 
standard steel gage blocks having an 
accuracy of 0.00001 in. shall be used. 
For bulking thickness measurements 
the commercial feeler gages may be 
used, but the accuracy of these shall be 
determined to the nearest 0.0001 in. 
by means of a screw micrometer of 
known accuracy. 

{c) Pressure Between The 

force required to just prevent the move- 
ment of the plunger foot, from a reading 
corresponding to about the average 
paper thickness tested to a lower read- 
ing, shall be determined with a suitable 
balance, and the contact pressure de- 
termined with this force. For example, 
where the presser foot projects through 
the top of the apparatus, a fine copper 
wire is attached to it and by means of a 
coarse balance or a calibrated spring, the 
force necessary to prevent the closing 
of tlie foot shall be measured. 

Alternatively, a stirrup may be used, 
made of a fiat metal plate having a hole 
larger than the diameter of the microm- 
eter foot, covered at the bottom of the 
plate by a thin metal disk of about the 
average thickness of the paper to be 
measured. The stirrup shall be sus- 
pended from a suitable balance. 


Test Specimem^ 

5. The test specimen shaE consist of 
not less than 10 sheets and shaE have a : 
minimum dimension, if possible, of not 
less than 2 in. Any necessary non- 
compliance with this requirement shaE 
be noted in the test report as a minor 
deviation. The sheets shall be taken 
from the sample in such a way as to be 
thoroughly representative of it, and 
shall be free from creases. They shaE 
have been conditioned in accordance 
with the Standard Method of Condi- 
tioning Paper and Paper Products for 
Testing (A.S.T.M. Designation; D 685) 
of the American Society for Testing 
Materials.^ 

Procedure® 

6. (a) The test shall be made in an 
atmosphere conditioned in accordance 
with Tentative Method D 685.^ 

(6) A pack of paper sheets not less 
than 0.1 in. in thickness shall be tested 
in not less than ten different places 
evenly distributed over the pack. The 
pack shaE be placed between the jaws 
of the micrometer and the presser foot 
lowered as gently as possible upon the 
surface of the paper with its edge at 
least I in. (0.6 mm.) from the edge of 
the paper. 

Report 

7. The bulking thickness shall be 
reported in decimals of an inch, being 
the average thickness of the pack divided 
by the number of sheets in it, and shall 
be expressed to the nearest O.OOOOS in. 
(0.001 mm.). 

Reproducibility of Results 

8. Duplicate determinations from dif- 
ferent sets of samples from the same 
shipment and on different instruments 
should agree within 3 per cent. 

® Editorially revised in 1942. ^ 

■* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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STANDARD METHOD T«lai-4.t 


Standard Methods of Test for 
THICKNESS OF PAPER AND PAPER PRODUCTS^ 



A.S.T.M. Designation: D 645 - 43 
Adopted, 1943.2 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 645; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proce- 
dures for determining the thickness of all 
kinds of paper and paper products except 
crepe paper and corrugated board. Five 
methods are covered, applicable to the 
following types of paper: 

Method Af for the general run of 
papers and paper products. 

Method B, for the general run of paper 
products. The use of the spring-actu- 
ated instrument is permissible as an 
alternative to the apparatus prescribed 
in method A, but is not recommended. 

Method C, for soft, low density papers, 
such as roofiing felt. ' 

Method D, for electrical insulating 
papers. 

Method E, for paper 2 mils (0,002 in.) 
and under in thickness. 

Thickness 

2. Thickness as measured in these 
methods is defined as the thickness of a 
single sheet, in contradistinction to 
^‘bulking thickness,” which is the thick- 
et Under the standardization procedure of the Society, 

these methods are under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, these methods were 
published j,s tentative from I9U to 1943, 
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ness of a pile of sheets determined in 
accordance with the Standard Method 
of Test for Bulking Thickness of Paper 
(A.S.T.M. Designation: D 527) of the 
American Society for Testing Materials.^ 

Apparatus 

3. The apparatus shall consist essen- 
tially of two plane parallel faces which 
can be moved apart or together along an 
axis perpendicular to themselves. In 
use, one of these faces (the anvil) shall be 
held stationary, the specimen shall be 
placed over it, and the other face (the 
presser foot) which is circular moved 
towards it "until it exerts a predetermined 
pressure on the specimen. When this 
condition has been reached, the distance 
between the two faces shall be read on a 
suitable device and recorded as the 
thickness of the specimen, 

{a) Method The diameter of the 
presser foot shall be not less than 0.56 in. 
nor more than 0.65 in. The force shall 
be exerted by gravity acting on the 
presser foot and the moving parts con- 
nected therewith, and shall be such that 
the pressure is 8 ± 1 psi. 

3 Appears in this publication, see Contents in Numeric 
Sequence of. Ucsi^natioixs at front of book. 
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.{b) Method B — The diameter of the 
presser foot and the pressure shall be the 
same as for method A, but the force 
shall be exerted by a spring instead of by 
gravity. 

(c) Method C , — The presser foot and 
actuating force shall be the same as that 
prescribed for method A but the pressure 
shall be 4 zfc 1 psL 

{d) Method D. — A machinist's rommic- 
eter conforming to the requirements for 
the instrument prescribed in method A 
of the Standard Methods of Test for 
Thickness of Solid Electrical Insulation 
(A.S.T.M, Designation: D 374 ) of the 
American Society for Testing Materials.^ 
{e) Method E.— The apparatus pre- 
scribed for either method A or method D 
may be used. 

Calibration 

4 . (a) Parallelism of Faces a 
hard steel ball about 3^ in. in diameter^ 
fixed firmly in a thinner, flat piece of 
metal to serve as a handle, between the 
presser foot and the anvil and note the 
readings at different points on the anvil. 

(6) Accuracy of Readings , — Set the in- 
strument to zero and place standard gage 
blocks having an accuracy of 0.00001 in. 
between the plane faces and observe the 
corresponding dial readings over the 
range to be used. 

(c) Pressure Between the Faces,~—Dt- 
termine the force required to just pre- 
vent the movement of the presser foot 
from a reading approximately corre- 
sponding to the average thickness of the 
paper to be tested to a lower reading with 
a suitable balance and determine the 
contact pressure with this force. For 
example, attach a fine copper wire to the 
presser-foot where it projects through 
the top of the apparatus, and, by means 
of a coarse balance or a calibrated spring, 
measure the force necessary to prevent 
the closing of the foot. Alternatively, a 


stirrup may be used made of a flat metal 
plate having a hole larger than the 
diameter of the micrometer foot, covered 
at the bottom of the plate by a thin 
metal disk of about the average thickness 
of the paper to be measured. Suspend 
the stirrup from a suitable balance. 

(d) Micrometer , — Calibrate the mi- 
crometer used in methods D and E in 
accordance with the procedure described 
in Methods D 374 .^ 

Sampling 

5 . The material shall be sampled In 
accordance with the Standard Method 
of Sampling Paper and Paper Products 
(A.S.T.M. Designation: D 58 S) of the 
American Society for Testing Materials.® 

Test Specimens'^ 

6. Ten specimens shall be tested, each 
having a width of not less than 2 in. If 
it is not possible to secure specimens 2 in. 
in width, the width shall be stated in the 
report. Test specimens shall be taken 
from samples representative of the ship- 
ment and shall be free from creases. 

Conditioning 

7 . Specimens shall be brought to equi- 
librium with an atmosphere of known 
temperature and humidity and shall be 
tested in that atmosphere. 

Procedure 

8. {a) Methods E, and C , — Plaice 
the specimen between the jaws of the 
measuring device and lower the presser- 
foot as gently as possible upon the sur- 
face of the paper, with its edge at least 
I in. from the edge of the paper. Deter- 
mine the thickness of each of the ten 
specimens in each of two different places. 
If the mean between the maximum and 
minimum of the 20 results differs from 
the average of all 20 by more than plus 


Editorially revised in January, 1947. 


* See also Section 8 («). 
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or minus 5 per centj measure enough 
additional specimens to obtain agree- 
ment within these limits. 

(b) Method D . — Determine the thick- 
ness of electrical insulating papers in 
accordance with the procedure described 
in method A of Methods D 374.® 

{c) Method E.— Determine the thick- 
ness in accordance with the procedure 
described in either Paragraph (a) or (5). 
Determine the thickness of at least ten 
specimens of ten sheets each (Note). 

Note.— F or papers having a thickness of 2 
mils or less a single specimen shall consist of a 
pile of ten sheets. If a micrometer is used to 
measure the thickness of a single sheet of this 
thinness, the error in reading the instrument is 
likely to make a significant difference in the 


result. If a pile of ten ' sheets is measured and 
the result divided by ten, there will also be an, 
error due to the ^^piling, effect, ’^but the, latter, 
error will, in general, be smaller Than the former. 

Report 

9. The report shall include the fol- 
lowing: 

(i) Method used for determining 
thickness, 

(3) Relative humidity and tempera- 
ture of conditioning atmosphere, 

(5) Number of specimens tested, if 
more or less than ten, 

{4) Width of the specimens, if less 
than 2 in., and 

(5) Maximum, minimum, and aver- 
age thicknesses measured to the near- 
est 0.0001 in. 
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:STANBARB METHOD ,T433ni-44 , 


Standard Method of Test for 

TIME OF PENETRATION BY WATER OF SIZED PAPER 
AND PAPER PRODUCTS (DRY INDICATOR 
METHOD)* 



A.S.T.M, Designation: D 779 - 46 
Adopted, 1946.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 779; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. ThivS method of test covers the pro- 
cedure for determining the time of pene- 
tration by water of sized paper and paper 
products. It consists of bringing one 
side of the test specimen in contact with 
water, and finding the time required for 
the ’water to pass through the specimen 
as indicated by the development of color 
in an indicator powder consisting of a 
mixture of water-soluble dye, sugar,® 
and starch (Note 1). 

Apparatus ■ 

2, (a) Any form of apparatus may be 
used which conforms to the following 
requirements: 

(i) One surface of the specimen 
shall be wetted uniformly at the 
moment the count of time is begun, 

J Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Prior to adoption as standard, this method was 
published as tentative from 1944 to 1946. 

5 The sugar serves the two-fold purpose of masking 
the color of the particles of dye as long as they are dr;^, 
and of absorbing the transuded moisture and holding it 
in close proximity to the dye. The starch increases the 
stability of the mixture. 


(^) An indicator on the opposite 
surface shall be continuously visible, 
and 

(J) No moisture shall reach the indi- 
cator except that which passes through 
the specimen from the wetted surface, 
none of which shall escape contact 
with the indicator, 

(^) The following apparatus has been 
found suitable for testing paper and 
paperboard (Note 2): ^ 

(4) For Papers Having a High 
Degree of Water Resistance. — A ves- 
sel of water of sufiicient area for 
fioating several specimens simultane- 
ously, immersed in a water bath in 
which the temperature of the water in 
the vessel can be maintained at 22.5 
to 23.5 C.; a sealing medium prepared 
by melting together and mixing 
thoroughly equal parts of wax and 
rosin; and a medicine dropper. 

(2) For Papers Thai Require a 
ShorPTime Test (Note). — The float ar- 
rangement shown in Fig. 1 is suitable 
for short-time tests. It shall be made 
of a thin- walled aluminum pan about 
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5 in. in diameter and 1 in. in height, 
with a hole 2 in. in diameter cut in the 
bottom. The surface shall be coated 
with paraffin or wax to make it 
more water'iepellant. The watch 
glass shall be clamped over the speci- 
men by means of a wire-frame clamp 
hinged at one side and fastened under a 
spring at the opposite side. In the 
absence of the float, such papers may 
be supported by a hollow cylinder 
having the upper end barely sub- 
merged under the surface of the water 
in a suitable vessel, while the watch 
glass is placed over the indicator. 



Fig. 1. — Cross-Section of Float. 

Indicator 



Stopper 

Fig. 2. — Longitudinal Section Showing Con- 
struction of Desiccator and Shaker. 

Such a cylinder may also be found use- 
ful in supporting an occasional paper 
whose surface is so easily wetted that it 
would be difficult to float it unsup- 
ported when prepared as shown in 
Fig. 1. 

Note. — Apparatus for a short-time test is 
needed when an edge seal is not required and 
when only one specimen can be tested at a time. 

(J) Shaker and Desiccator, — A 
shaker and desiccator for the indicator 
(Fig. 2) prepared from a 10-ml. screw- 
top vial by cutting away most of the 
metal of the flat portion of the top, 
fitting a 70-mesh wire screen inside the 
top and screwing it back in place. 


The desiccator shall be made of a„ small 
wide-mouthed bottle containing anhy- 
drous calcium chloride covered with a 
layer of glass wool. A hole shall be 
bored in the cork stopper just large 
enough to admit the shaker. The 
bottle shall remain on its side and the 
vial inserted through the hole with the 
screened end inside. The assembly 
shall be kept in the usual type of labo- 
ratory desiccator when not in use. 

(4) Watch Glasses , — Watch glasses 
2-in. in diameter. 

(5) Stop Watch, 

-Reagents 

3. {a) Indicator , — ^The water-transu- 
dation indicator shall be composed of 
pure cane sugar, pure soluble starch, and 
methyl violet dye.^ Each ingredient 
shall be ground separately until it passes 
through a No. 100 sieve, and then dried 
completely in a desiccator over CaCb 
before making the mixture. When dry, 
the following proportions by weight shall 
be mixed: 


Sugar 45 

Soluble starch. . ................ 5 

Dye .1 


The ingredients shall be mixed by screen- 
ing repeatedly through a No. 60 sieve 
until the mixture is uniform. Mixing 
the components of the indicator by 
screening is essential to avoid discolora- 
tion, which occurs if they are ground 
together. The indicator shall be kept in 
a desiccator when it is not being used. 

{h) Water , — Water of fair purity, such 
as the usual drinking water, is suitable. 

Test Specimens 

4, (a) Test specimens shall be cut 
from different portions of the sample in 

* DuPont N.E. methyl violet, National Aniline and 
Chemical Co. 2 B.P. methyl violet, or equivalent, is 
recommended for this purpose. Indicator mixture from 
M. Ames Chemical Works, Glens Falls, N. Y., or equiva- 
lent, is also recommended. 




Test ior Time of Penetoation by. Water of Sized Parer (B 779 - 46)' 447 


such a way as to, he^ thoroughly repre- 
sentative of it. They shall be free from 
folds j wrinkles, or other blemishes not 
commoniy inherent in the paper. A con- 
venient size is about 2.5 in. square. The 
specimens shall be so prepared that five 
are tested from the wire side and five 
from the felt side. The expression ‘ 'from 
the wire side” (or felt side) shall be inter- 
preted to mean that water is applied to 
the side designated and the penetration 
proceeds therefrom. 

(b) The test specimens shall be condi- 
tioned in accordance with the Standard 
Method of Conditioning Paper and Paper 
Products for Testing (A.S.T.M. Designa- 
tion: D 685).^ 

Procedure 

S. (a) Make the tests in an atmos- 
phere conditioned in accordance with 
A.S.T.M. Method D 685 and with the 
temperature of the water maintained at 
22.5 to 23.5 C. 

(b) When testing materials having a 
high degree of water resistance place the 
test specimen on a level, smooth, surface, 
and sprinkle the indicator on the speci- 
men by gently tapping the inverted 
shaker until a thin, even layer is formed, 
avoiding either a very sparse covering or 
one in which the powder is piled up (Note 
3). Handle the test specimen with care 
once the powder is applied, for jarring or 
excessive tipping may cause rearrange- 
ment of the particles of powder, which 
then tend to form in clusters, thus 
destroying the intimate contact and regu- 
lar thin layer that is desirable. As soon 
as the application of the layer of the indi- 
cator powder is completed, cover it with 
a 2-in. watch glass and keep it covered 
during the test. In testing material 
having a high degree of water resistance, 
use the apparatus described in Section 
2 (b). 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


(c) For testing other forms., of .paper,, 
and paper products seal the edges,, of 
the specimen to prevent water from; 
entering through the edges and reach- 
ing the indicator without going en- 
tirely through the material. Grasp 
the specimen at the center with thumb 
and forefinger as a pivot and dip into the 
melted wax-rosin mixture to a depth 
of I in,, rotate 90 deg. and dip the next 
edge, and repeat until all four edges are 
saturated and sealed. (Homogeneous, 
nonlaminated materials will in general 
not require this edge seal.) When the 
wax has hardened, add the indicator 



Fig. 3 . — Watch Glass, Wax, and Indicator. 

powder as described in Paragraph (5), 
with a 2-in. watch glass, and seal it 
with the melted wax-rosin mixture, ap- 
plied with a medicine dropper, as illus- 
trated in Fig, 3. Float the specimen 
thus prepared on a vessel of water, start- 
ing the stop watch at the instant of 
contact. 

(d) For papers having a short testing 
* period, when it is not necessary to seal 
the cover glass on, use the float shown in 
Fig. 1, or the submerged cylinder may be 
used to support the specimen and cover 
glass. In all cases, contact with the 
water shall be made at a slight angle to 
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avoid trapping air bubbles underneath 
the specimen. When testing materials 
having uneven surfaces, wet with water 
the surface to be in contact with water, 
using a soft brush, immediately before 
placing the specimen in the water. 
Examine each specimen after the test, 
and if there is evidence of uneven wet- 
ting, discard the result. 

(e) Measurement of Time of Transu- 
dation —Ws^tch the test specimen con- 
tinuously for a change in the color of the 
indicator, and measure the time interval 
from the instant of contact with the 
water until the rate of change in the 
color of the indicator is at a maximum. 
Forniost ordinary papers, this time inter- 
val is conveniently determined as the 
mean of the values corresponding to the 
development of pronounced color in one 
fourth and in three fourths of the area 
covered by the indicator. For materials 
on which the color develops uniformly 
over the whole area, it may be necessary’’ 
to tabulate the values of the time interval 
against the intensity of the color to deter- 
mine the maximum rate of change. In 
judging the end point on specimens 
requiring considerable time to reach the 
end point, note the following three gen- 
eral color phases: As it is first sprinkled 
on the test area the powder often shows a 
slight tinge of color other than the pre- 
dominant white. This first color may 
appear slightly different on surfaces of 
different color; after the test has been in 
progress for such a time that the end 
point is reached, a more intense color is 
present which is a somewhat reddish 


purple. Finally, if the specimen is left, 
for a longer time than the proper end 
point, the reddish cast tends to disappear 
and the powder appears a dark purple, 
also, the particles often appear as if quite 
moist. Sometimes, when the specimens 
are unevenly resistant, there may be in- 
dications of tw^o or possibly all three 
phases at once, but it should be easily 
ascertainable which is predominant. In 
any case, taking the first indication of 
change from the white should be avoided, 
allow enough change to take place to be 
positive. On the other hand, do not 
wait for the last purple phase, for once 
this is attained there is little further 
change to note with the passage of time, 
Artificial light, w4ien used for viewing the 
test specimen, should be reasonably bril- 
liant, but completely shaded from the 
eyes. Apply the light to one side of the 
specimen (thus avoiding reflection from 
the cover glass), and the. eye view from 
the side next to the illuminant, to avoid 
interference of shadows cast by the 
indicator particles with the judgment of 
the color. 

Report 

6. The report shall give the average, 
minimum, and maximum values of the 
time of transudation in minutes from the 
wire side and from the felt side. 

Reproducibility 

7, Average test results by experienced 
operators should agree within 10 to 15 
per cent. 


Explanatory Notes 

Note 1. — TMs method is sometimes not ahollowsGrewcap,withan openingforobserva- 
applicable to materials containing large amounts tion of the test specimen, in which the test 
of water-soluble components. specimen is inserted and then screwed tight 

Note 2. — Penescape. — ^This device can be against the chamber; and pipe connections at 

used for the dry-indicator test. It consists of top and bottom of the chamber by means of 

a cast brass chamber which is filled with water; wMch the water can be introduced, maintained 
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at a. desired level, and removed. The suit- 
ability of this device for a given purpose should 
be determined by: comparing the results ob- 
tained with it with those obtained by the 
standard method. . . 

Note 3.-— In the former case, the color change 
produced by too few d3’e particles may be in- 
sufficient to attract attention, unless they are 
exposed for a longer time than the proper end 
point. When the powder is placed too thickly, 
the upper la^'er may obscure changes in the 
portion in contact with the paper. Also, the 
greater total quantity of pow’der may require 
more time to change, since it would necessitate 
more moisture to affect all the d^-e. 

Note 4. — Investigations of the use of higher 
temperatures in the dry-indicator test have 
shown that in general there is good correlation 
between transudation time and temperature. 
For products that show such relation, this is of 
value in shortening the test period, and in 
some instances in making the end point more 
distinct. 

Note S.—For further information on this 
method the following references should be 
consulted: 

A. Abrams, Paper Trade Journal^ VoL 84, 
No. 3, January 30, 1927, pp. 44-47; TS pp. 
38-41. 

A. Abrams, Technical Association Papers ^ 
Technical Assn. Pulp and Paper Industry, Vol. 
12, No. 49 (1929); Paper Trade Journal, Vol. 88, 
No. 9, February 28, 1929, pp. 40-42; TS pp. 
147-149. 


F- T. -Carson, Technical A ssociaHon Pap^s, 
Technical Assn. Pulp and Paper Industry, 
'Vol. 8, p. 91 ,(1925); Paper Trade Journal, 
Vol. 80, No. 10, March 5, 1925, pp. 59-62; 
TSpp. 85-88, 

F, T. Carson, Technologic .Paper No. 326, 
Nat. Bureau Standards, September, 1926. 

F. T. Carson and F. V. Worthington, Papa, 
Trade Jotirnal, Vol 95, No. 16, October 20 
1932, pp. 34-36; TS pp. 188-190. 

F. T. Carson, Paper Trade Journal, No\, 98, 
No. 21, May 24, 1934, pp. 36-38; TS pp. 264- 
266. 

P. W. Codwise, Technical Association Papers, 
Technical Assn. Pulp and Paper Industry, VoL 
14, p, 175 (1931); Paper Trade Journal, Vol. 
92, No. 10, March 5, 1931, pp. 55-57, r5 
pp. 138-140. 

P. W. Codwise, Technical Association Papers, 
Technical Assn. Pulp and Paper Industry, 

Vol. 15, p. 234 (1932); Paper Trade Journal, 
Vol. 94, No. 5, February 4, 1932, pp. 42-45; 
TS pp. 46-49. 

P. W. Codwise, Technical Association Papers, 
Technical Assn. Pulp and Paper Industry, 

Vol. 17, pp. 143-145 (1934); Paper Trade 

Journal, Vol. 98, No. 10, March 8, 1934, pp. 
43-45; r5 pp. 123-125. 

P. W. Codwise, Technical Association Papers, 
Technical Assn. Pulp and Paper Industry, 

Vol. 26, p, 165 (1943); Paper Trade Journal, 
Vol. 116, No. 9, March 4, 1943, pp. 30-33; 
TS pp. 90-93. 
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Standard Method of Test for 
WATER-SOLUBLE ACIDITY OR ALKALINITY OF PAPERS 



A.S.T.M. Designation: D 548 - 41 

Adopted, 1941.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 548; the final number indicates the year of original 
adoption as standard or- in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the water- 
soluble acidity or alkalinity of paper.^ 
The method is not applicable to highly- 
alkaline papers such as those containing 
casein or calcium carbonate, nor is it 
applicable to electrical insulating papers. 


Apparatus 

2. The apparatus shall consist of the 
following: 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

Prior to adoption as standard, this method was pub« 
Hshed as tentative from 1939 to 1941. 

•This method is based on the method for acidity 
described by S. Eohler and G. Hall in The Paper In- 
dustry ^ 7, No. 7; (October. 1925), with some modifications 
developed at the National Bureau of Standards. In this 
revised method, one extraction is specified instead of the 
three extractions originally specified, because Eohler 
subsequently found that one extraction is sufiScient for 
classification of paper. See “Investigation into the 
Determination of Acidity and Copper Number in Paper,** 
Meddelandc 56 Statens Provingsanstalt, Stockholm, 
(1932). In this article, it is stated that the acid number 
thus obtained is about three-fourths of that obtained by 
three extractions. 

Studies of this method and other acidity methods are 
reported by B. L. Wehmhoff and by P, F. Wehmer in 
Technical Association Papers^ Tech. Assn. Pulp and Paper 
Industry, May, 1930, and May, 1931. 


(a) Grinder, — A Koerner^ or equiv- 
alent type grinder that will completely 
disintegrate the paper without heating 
or contaminating it. 

(&) BatL — A steam or oil bath which 
can be maintained at 100 C. 

(c) Balance, — A balance sensitive to 
1 mg. 

{d) Glassware, — Acid- and alkali-re- 
sistant glassware. 

Reagents 

3. {a) Sodium Hydroxide (0.01 N ). — 
Dilute 100 ml. of 0.1 N NaOH to 1 liter 
with freshly boiled and cooled distilled 
water. 

(5) Hydrochloric or Sulfuric Acid 
(0.01 N). 

(c) Phenolphthalein Indicator, — Dis- 
solve 1 g. of phenolphthalein in 100 ml. 
of 50 per cent alcohol; add 0.01 A alkali 
cautiously until a faint pink color ap- 
pears; then just remove the color with 
a drop or two of 0.01 i\r acid. 


< The Koerner type of grinder is described in a paper 
by J. 0. Burton and R. H. Rasch on “The Determination 
or the Alpha-Cellulose Content and Copper Number of 
Paper,’* a/ Research, Nat. Bureau Standards, 

Vol. 6, No.4, p. 603 (1931) (Re5CafcAPa^«f 255). 
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Test.fos/ Acibity'.oe' Alkalinity ^ Paper :(D;548 41) 


Test , Specimen , . , 

; 4. The test specimen shall be cut from 
the sample in such a way as to be thor- 
oughly representative.. The specimen 
shall be completely disintegrated in the 
grinder and shall be of sufficient size to 
yield at least IS g. of disintegrated 
material. 

Procedure 

5. (a) Allow the ground test specimen 
to reach moisture equilibrium with the 
atmosphere of the balance case, and then 
weigh at the same time two 5-g. portions 
(to nearest 1 mg.) for the acid extraction 
and the moisture determination. 

(b) Determine the moisture content on 
one portion in accordance with the Stand- 
ard Method of Test for Moisture in 
Paper, Paperboard, and Paperboard and 
Fiberboard Containers (A.S.T.M. Desig- 
nation: D 644) of the American Society 
for Testing Materials.^ 

(c) Transfer the other weighed portion 
to a 500-mi. Erlenmeyer flask and add 
250 ml. of boiling water. In some cases, 
the fibers absorb water slowly and tend 
to float on the surface of the water. 
This may be avoided by first adding 
small portions of the water and shaking 
well until the fibers are thoroughly satu- 
rated. After the water is added, affix to 
the flask a stopper containing a narrow 
glass tube about 30 in. in length, which 
serves as a condenser. A soil-digestion 
flask which has a ground-glass stopper 
and condensing tube in one piece, or a 
rubber stopper covered with metal foil, 
may be used. Place the flask in a heat- 
ing bath which will maintain the contents 
of the flask at 98 to 100 C. Heat at this 
temperature for 1 hr, while shaking oc- 
casionally. At the end of this period 
pour the contents of the flask into a 
Biichner funnel (without other filtering 
medium) and wash the fibers remaining 

« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Pesignations at front of book. 


in .'the flask into the Biichner funnel with 
10 ml. of water. Apply strong suction 
to the fibers, then cool the extract rapidly 
and titrate it as soon as it reaches room 
temperature. Add phenolphthalein in- 
dicator and, if the extract remains color- 
less, determine the acidity by titrating 
with 0.01 N NaOH until the first appear- 
ance of a permanent pink coloration. If 
on addition of phenolphthalein the ex- 
tract has a pink color, determine the 
alkalinity by titrating with 0.01 N HCl or 
H2SO4 until the color is just discharged. 
Make a blank titration on 250 ml. of 
the water heated for 1 hr. in the same 
bath and with the same glassware used 
for the extractions. 

(d) Each test result used in the calcu- 
lations shall be the average of not less 
than two determinations. Results of 
duplicate determinations shall agree 
within 0.01 per cent. 

Calculations and Report 
6. Total acidity or alkalinity shall be 
expressed as a percentage of the mois- 
ture-free paper in terms, respectively, 
of sulfur trioxide (SO3), or in terms of 
sodium oxidet''(Na£0), to the nearest 
0,01 per cent calculated as follows: 


- 0 X iVi X 0.04 

SO 3 , per cent = X 100 

W 

Na^O, per cent 

(TtXNz + iX Ni) X 0.03 


W 


xm 


where: 


Ti = milliliters of NaOH required to 
neutralize the extract, 

T 2 = milliliters of acid required to 
neutralize the extract, 
i = milliliters of NaOH required to 
neutralize the blank, 

Ni = normality of NaOH solution, 
2^2 = normality of acid solution, and 
W = weight of test specimen, less 
moisture. 
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Standard Methods of Test for 
WIRE AND FELT SIDES OF PAPERS 



A.S.T.M. Designation; D 725 - 45 

Adopted, 1945.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 725; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These methods of test cover 
four procedures for determining the wire 
and felt sides of paper. It is not always 
possible to make the distinction, this 
being particularly true of coated and 
other surface-treated papers, and of 
specialties made with variations in the 
usual paper-machine practice. When 
one of the procedures described in this 
method does not give a definite differen- 
tiation, it is advisable to try one or more 
of the other procedures. 

(&) The wire side of paper is the side 
that was in contact with the wire of the 
paper machine; the other side is termed 
the felt side. It is desirable to have 
means of distinguishing between the two 
sides, because they generally differ in 
some physical characteristics. 

Procedure, A 

2, Fold over a sheet of the paper and 
observe the relative smoothness of the 
two sides. Often the pattern of 
diamond-shaped impressions of the ma- 
chine wire can be seen, thus identifying 

1 Under tlie standardization procedure of the Society, 
these rnethods are under the jurisdiction of the A.S.T.M. 
Committee D-6 on Pai>cr and Paper Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1943 to 1945. 


the wire side. In viewing the paper, 
hold it in a horizontal position with the 
light striking it at an angle of about 45 
deg. and with the line of vision of the 
eye also at an angle of 45 deg. to the 
surface of the paper. Observation with 
a microscope is helpful (Note). 

Note. — Making a black smudge or mark on 
the paper surface by wiping with a piece of 
typewriter carbon paper blackens the high spots 
on the paper surface and sometimes makes the 
wdre marks more easily visible. To do this, hold 
a small piece of carbon paper between the thumb 
and middle or forefinger, so that the black sur- 
face of the carbon paper is pressed into the 
surface of the paper under test by wdiichever 
finger is used. Using considerable pressure, 
slowly pull the carbon paper along the surface 
of the paper, thus producing a black mark 
about J in. in width and 2 or 3 in. in length. 
During tlife operation, support the paper on a 
smooth surface, such as plate glass. Make such 
a mark on both sides of the paper across both 
the machine and cross directions as determined 
by the Standard Method of Test for Machine 
Direction of Paper, (A.S.T.M. Designation: D. 
528) Use a fresh spot on the carbon paper in 
making each mark. 

Procedure B 

, 3, Dip the paper in, water or in a weak 
sodium hydroxide solution, drain off 
the excess liquid, allow to stand for a 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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few minuteSj and agam examine the two 
sides. This treatment tends to restore 
to paper the texture it had on the ma- 
chine wire. View as described in Pro- 
cedure A (Section 2). (If paper is dry, 
see Note, Section 2). 

Procedure C 

4. Hold a sheet of paper in one hand 
in such a way that the grain (machine) 
direction is parallel to the line of vision 
and the sheet surface is approximately 
horizontal. Holding the sheet in this 
position with one hand, pull upward 
with the other to start a tear in the 
sheet so that the line of tear follows the 
grain of the paper. As the tear is being 
made, gradually guide it so that it moves 
in the cross direction and toward the 
outer edge of the sheet, producing a 
tear line following a curved path. Turn 
the sheet over so that the opposite 
side is uppermost, and make a sim- 
ilar tear in the sheet. Observe the 
feathering caused by the splitting of the 
sheet at the edge of the two tears which 
have been made. One of these tears 
will show a distinct feather edge as com- 
pared to the other, especially in the 
curved portion, where the line of tear 
departs from the grain or machine direc- 


tion and moves toward the cross direc-^ 
tion.' The tear with the more feathered 
edge is alwa3^s made when the wire side 
of the sheet faces upward. 

' Note. — Procedure C is very useful as it 
often gives a positive detemiination .when the 
other simpler procedures fail. The successful 
use of it, however, requires a certain amount of 
experience and it is recommended that, such 
experience be gained by applying it to papers 
of known wire side and felt side. 

Procedure D 

5. Cut specimens approximately 1 inf 
in width and 2 in. in length, with the long 
dimension at right angles to the machine 
direction of the paper. Place the speci- 
mens in a drying oven at approximately 
100 C., or in a desiccator over a suitable 
drying agent, such as anhydrous cal- 
cium chloride. It is essential that both 
sides be exposed alike to the drying air, 
and they shall be suspended or otherwise 
held so that they can curl without re- 
straint. The direction of curl under 
these conditions will furnish a reliable 
means of distinguishing between the two 
sides of most papers. On drying, any 
pronounced curl of the specimen will be 
toward the wire side, with the axis of the 
curl parallel to the machine direction 
of the paper. 
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Standard Specijications for 
A.S.T.M. THERMOMETERS' 



A.S.T.M. Designation: E 1 46 

Adopted, 1939; Revised, 1942, 1944, 1946.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 1; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover glass 
thermometers graduated in Centigrade 
or Fahrenheit degrees and frequently 
specified in methods of the American 
Society for Testing Materials. The 
various thermometers covered are listed 
in Table I. 

Note,— The Tentative Specifications for 
A.S,T.M, Thermometers (A.S.T.M. Designa- 
tion: E 1 ~ 46 T)* cover other thermometers 
that are intended, when adopted, to be incor- 
porated in this Standard- 

Requirements 

2. The individual thermometers shall 
conform to the detailed specifications 
given in Table I and to the general 
requireiiients specified in Sections 3 
to 11. 


* Under the Btandardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee E-1 on Methods of Testing. 

2 These specifications represent a consolidation of tdie 
requirements for A.S.T.M, thermometers which were pre- 
viously published in individual methods of test issued by 
the American Society for Testing Materials. 

« Seep. 1281. 


Note. — For the purpose of interpreting these 
specifications the following descriptions of terms 
apply: 

The total length is the over-all length of 
the finished instrument. 

The diameter is that measured with a ring 
gage. 

The length of the bulb is the distance from 
the bottom of the bulb to the beginning of 
the enamel backing. 

The top of the thermometer is the top of 
the finished instrument. 

Type 

3. Each thermometer shall be of the 
etched glass stem type unless otherwise 
specified in Table I. 

Stem 

4. The stem shall be made of suitable 
thermometer tubing and shall have a 
plain front and enamel back. 

Bulb 

5. ' The bulb shall be made of Corning 
normal or equally suitable thermometric 
glass. 

Graduations 

6. All' graduation lines, figures, and 
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A ‘‘tentative revision’’ of this standard appears on p. 1281 • 
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letters shall be dear-cut and distinct. 
On partial immersion' thermometers a 
line of approximately the same length as 
the longest graduation line shall be 
etched on the front of the thermometer , 
at the distance above the bottom of the 
bulb, as specified in Table I. 

Special Marking 

7. The special markings on the ther- 
mometers in the form of an inscription 
as specified in Table I shall be in capital 
letters without the use of periods. In 
addition to the special markings pre- 
scribed in Table I, each thermometer 
shall be marked with a serial number 
and the manufacturer’s name or trade 
mark etched on the stem. 

Scale Error 

8. The error at any point of the scale 
up to the temperature limit prescribed 
in Table I when the thermometer is 
standardized in accordance with Section 


' 9' shall not exceed the values prescribed 

in Table L 

Standardization 

9. The thermometer shall be stand-' 
ardized immersed in the testing bath 
to the top of the .mercury column un- 
less other conditions of immersion are 
prescribed in Table and at the tem- 
peratures prescribed in Table L (See 
Explanatory Notes) 

Test for Permanency of Range 

10. The test for permanency of range 
shall be made at the temperature 
prescribed in Table I and under the im- 
mersion conditions specified for the 
thermometer. The accuracy after this 
test shall be within the limit specified. 

Case 

11. The thermometer shall be sup- 
plied in a suitable case on which shall 
appear the marking prescribed in Table I. 


Explanatory Note on Periodic Checking on Changes of Bulb Volume 

OF Glass Thermometers 


A mercury in glass thermometer, if properly 
made and used, is an extremely reliable instru- 
ment but small changes in volume of the ther- 
mometer bulb may occur, even though the 
thermometer may have been carefully annealed 
or aged. 

Usually the bulb contracts slowly and as a 
result the thermometer may read higher after it 
has been placed in service than it did originally. 
These changes are more appreciable for short- 
range thermometers graduated in fractional de- 
grees, and the users of such thermometers should 
check such instruments from time to time. 
When first received the thermometers should be 
checked every week or so, later these time inter- 
vals may be lengthened if the changes are not of 
consequence. 

The ice-point method (reading in melting ice 
at 0 C. or 32 F.) has been found to be the most 
convenient and at the same time the most ac- 
curate method for checking changes in bulb 
volume. Other temperatures, such as the boil- 
ing point of water and of other pure substances, 
have been proposed for “fixed points,” but have 


not been found entirely satisfactory owing to the 
difficulties of accurately obtaining these fixed 
temperatures. 

Short-range thermometers graduated in frac- 
tional degrees may or may not be provided with 
an ice point reading if this temperature is not 
included in the given range. This extra point 
can be incorporated in the thermometer, but may 
be omitted for the sake of economy. In the 
case of distillation thermometers intended to be 
inserted in the neck of a flask, the ice-point 
graduation may be undesirable since the con- 
traction chamber between the ice point and the 
first graduation may contain enough mercury to 
cause uncertain and variable readings. For this 
reason the ice-point graduation, unless it is an 
integral part of the range, is generally omitted 
from the specifications for distiilatipn ther- 
mometers. 

In the absence of the ice point other means 
must be provided for detecting changes in the 
readings, especially if the thermometer is frac- 
tionally graduated. The method most com- 
monly used involves the comparison at one or 
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more temperatures in ' a well-stirred, properly 
constructed, liquid bath of the thermometer to 
: be checked against another standardized ther- 
mometer of 'similar specifications to the test 
thermometer but provided with an ice point.^. 

Where , several thermomete'rs make up a -series 

or set. lor' some specific method and these ther- 
mometers do not have ice points, a similar set 
may be provided with ice points, and these 


ThermomlETERS ' (E l>-46) 

should be kept for use' as reference standards foi: 

checking routine test thermometers. 

Detailed instructions for making such com- 
parisons and specifications for suitable test- 
ing apparatus, as weH as other data on tHs 
subject, will be found in the paper by E. F. 
Mueller and R. M. Wilhelm, “Methods of Test- 
ing Thermometers/* Proceedings, Am. Soc. 
Testing Mats., Vol 38, Part I, p. 493 (1938). 


Explanatory Note on Ice Point Determinations oe Glass Thermometers 


Two methods have been in use for deter- 
mining the ice point on thermometers graduated 
fractionally and with an open scale, such as 
those of the Kinematic type. One method re- 
quires that the thermometer remain at approxi- 
mately room temperature for 72 hr. before the 
ice point is taken. The other stipulates that the 
ice point reading be taken immediate^ or within 
a definitely stated short period after heating to 
the test temperature. Changes in the correction 
of the thermometer may be observed by deter- 
mining the changes in the ice point by either 

method. . 

Since it may not be practical to wait until the 
thermometer has rested for three or more days, 


the method as outlined below is suggested. 
These instructions are given in the form of a 
note which should appear in the table of cor- 
rections for the thermometer. 

Note.-— The tabulated corrections apply 
for the condition of immersion indicated 
provided the ice point reading taken after 

heating to for not less than three 

minutes is 

If the ice point reading (taken in not 
less than 2 min. and not more than 5 min. 
after removal of the thermometer from the 
heated bath) is found to be higher (or 
lower) than stated, ail other readings will 
be higher (or lower) to the same extent. 


(See Table I, pp. 457 to 470.) 
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TABLE I.— REQUIREMENTS FOR A.S.T.M. THERMOMETERS. 


Name. 

A.S.T.M. Parti 

al Immersion*^ 

A.S.T.M.PartJal Immersion^ , 

A.S.T.M. Thermometer.. . 

1C - 39 

IF -39 

2C- 39 

, 2F~ 39 , , , 

Liquid....... 

mercury 

mercury 

mercury 

, mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen .gas 

Temperature Range 

-20 to +150 C. 

0 to +300 F. 

-5 to +300 C. 

+20 to+S80F. ' 

Subdivisions — 

1 C, 

2F. 

1C. 

2F. ■ 

Total Length 

303 to 307 mm. 

379 to 383 mm. ■ 

Stem Diameter 

6,0to7.0mm. 

6.0 to 7.0 mm. 

Bulb Diameter. 

5.0 to 6.0 mm. 

5.0 to 6,0 mm. 

Bulb Length — 

19 to 25 mm. 

10 to IS mm. 

Bottom of Bulb to Gradu- 
ation Line at.,' 

Distance 

-18 G. I OF. 

90 to 100 mm. 

0 C. 1 32 F. 

100 to 110 mm. 

Top of Thermometer to 
Graduation Line at. ... . 
Distance 

150 C. 

20 to 

300 F. 

>5 mm. 

300 C, 

25 to 5 

572 F. 

)mm. 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

SC. 

10 F. 

S C. 

10 F. 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

10 c. 

20 F. 

Immersion (See Section 6) 

76 ram. 

3 in. 

76 mm. 

3 in. 

Special Marking on Ther- 
mometer (See Sec- ; 
tion 7).,. 

ASTM 76-MM IMM 

ASTM 3-IN IMM 

ASTM 76-MM IhlM 

ASTM 3-IN IMM ^ 

Scale Error at any point 
when standardized shall 
not exceed 

0.5 C. 

IF. 

1 C. 

2F. 

Standardization ; . . 

e 

e 

u 

(* 

Marking on Case 

A.S.T.M. -20 to 
+150 C., 76-mm. 
immersion 

A.S.T.M, 0 to +300 
F., 3-m. immersion 

A.S.T.M. -5 to +300 
C., 76-mm. immer- 
sion 

A.S.T.M.20to580 F., 
3-in. immersion 


® These requirements were previously specified in A.S.T.M. Standard D 182. 

* These requirements were previously specified in A.S.T.M. Standard D 183. 

«. The thermometer shall be standardized for 76-mm. or 3-m. immersion and for the following temperatures of the 
emergent mercury column. These stem temperatures have been chosen as corresponding, on the average, to those 
hkeiy to occur in the use of the thermometer. 



Average Temperature 


Average Temperature 

Thermometer 

of Emergent 

Thermometer 

of Emergent 

Reading '■ 

Mercury Column 

Reading 

Mercury Column 

50 C.. 

35 C. 

122 F 

94 F. 

100 C 

48 C. 

212 F 

118 F. 

ISO c. 

55 C. 

302 F 

131 F. 

^ The thermometer shall be standardized for 76-mni. or 3-in. immersion 

and for the following temperatures of th® 

emergent mercury column. , These stem temperatures have been chosen as corresponding, on the average, to those 

likely to occur in the use of the thermometer. 




Average Temperature 


Average Temperature 

, Thermometer 

of Emergent 

Thermometer 

of Emergent 

Reading 

Mercury Column 

Reading 

Mercury Column 

.50 

35 C. ■ 

122 F.. . 

94 F. 


49C. 

212 F...... 

120F. 


61C, 

302 F...... 

142 F. 

ICK) C«$issss:««. 

70C. 

392 F...... 

iSSF. 

250 


482 F 

169 F, 

, , KW CaitssisaS .. 


572 F...... 

176 F. 
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; TABLE I.— REQtriEEMENTS FOR A.8.T.M. THERMOMETERS {Cmtinum: 


Name............... 

A.S.T.M. Partial Immersion* | 

A.S,T.M. Acid Heat^ 

A.S.T.M. Thermometer.. . 

3C-39 

3F - 39 

4C-39 

4F - 39 

Liquid...., ... 

mercury 

mercury 

mercury 

'mercury. 

Filling above Liquid, — . 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas . 

Temperature Range — . . 

-5 to +400 C. 

+20 to 760 F. 

0 to 105 C. 

30 to 220 F. 

Subdivisions....... 

1C. 

2F, 

O.S C. 

IF. 

Total Length. ... — ..... 

404 to 40S mm. 

378 to 384 mm. ... 

Stem Diameter. 

6.0 to 7.0 mm. 

6.0 to 7.0 mm. 

Bulb Diameter... - 

5.0 to 6.0 mm. 

5.0 to 6.0 mm. 

Bulb Length. ..... — ... 

10 to 15 mm. 

10 to IS mm. 

Bottom of Bulb to Gradu- 
ation Line at. 

Distance i 

OC. f 32 F, 

100 to 110 mm. 

OC. i 32 F. 

200 to 215 mm. 

Top of Thermometer to 
Graduation Line at — i 
Distance. 

400 C. 1 752 F. 

25 to 50 mm. 

105 C. 1 220 F. 

25 to 40 mm. 

Top Finish 

glass ring 

glass ring 

glass ring | 

glass ring 

lA)nger Graduation Lines 
at Each 

SC. 

10 F. 

1 C. ^ 

SF. 

Graduations Numbered at 
Each Multiple of 

10 C. 

20 F. 

' SC. 

10 F. 

Immersion (See Section 6} 

76 mm. 

3 in. 

152 mm. 

6 in. 

Special Marking on Ther- 
mometer (See Section 
7) 

ASTM 76-MM IMM 

ASTM 3- IN mu 

ASTM ACID HEAT 
152-MM IMM 

ASTM ACID HEAT 
6-IN IMM 

Scale Error at any point | 
when standardized shall 
not exceed 

/I C. up to 301 C. 
\1.5 C.over 301 C. 

1 j2 F. up to 574 F. 

■\3 F. over 574 F. 

O.S c. 

1 F. 

Standardization — 

c 

« 

i 

d ' 

Test for Permanency of 
Range (See Section 10) 

subject to 10 C. below 
max. scale temp, 
for 24 hr. 

subject to 20 F. below 
max. scale temp, 
for 24 hr. 



Marking on Case 

A.S.T,M. -5 to +400 
C., 76-mm. immer- 
sion 

A.S.T.M.20to760F., 
3-in. immersion 

A.S.T.M. Acid Heat, 
0 to 105 C. 

A.S.T.M. Acid Heat, 
30 to 220 F. * 



“These reqmremeBts were previously specified in A.S.T.M. Standard D 184. 

“These requirements were previously specified in A.S.T.M. Method D 481. 

® The thermometer shall be standardized for 76-mm. or 3-m. immersion and for the following temperatures of the 
emergent mercury column. These stem temperatures have been chosen as corresponding, on the average, to those 
likely to occur in the use of the thermometer. 

Average Tempera- Average Tempera- 

Thermometer ture 01 Emergent Thermometer ture of Emergent 

Reading Mercury Column Reading Mercury Column 

100 G... 50 C. 212 F. 122 F. 

200 C...... 75 C. 392 F 167 F. 

300 C... 89 C. 572 F 192 F. 

400C.,..,... 94C, 752F. 201 F. 

^ The thermometer shall be standardized at the ice point and at intervals of approximately 30 C. or 50 F. for 152 mm 
or 6'in. immersion and for the following temperatures of the emergent mercury column: 

Average Tempera- Average Tempera* 

Thermometer ture of Emergent Thermometer ture of Emergent 

Reading Mercury Column Reading Mercury Column 

20C....... 20C. 70F 70F. 

40C 31C. lOOF 86F. 

70C 40C 150F... i04F. 

100 C 48C 212 F 118 F. 
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TABLE 1.— EEQUIEEMENTS FOE A.S.T^. THERMOMETERS (CtHlinuO). 


Hame.................... 

A.S.T.M. aois 

d and Four® 

A.S.T.M. Low.Glc 

md and Poiir® . , 

A.S.T.M. Thermometer... 

SC - 39 

5F- 39 

60-39 

. 6F - 39 

Liquid 

mercury 

mercury 

toluene^ 

toluene^- 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

gas under pressure 

gas under pressure 

Temperature Range 

-3S to -f 50 C. 

-36 to +120 F. 

-60 to +20 C. 

-70 to- +70' F. 

Subdivisions. 

iC. 

2F. 

1 1C. 

2 F- 

Total Length 

220 to 224 mm. 

_ i 

227 to 2 ! 

31 mm. 

1 ■ 

Stan Diameter 

7.0 to 8 

! 

.0 mm. 

7.0 to s'.O mm. 

j 

Bulb Diameter 

not greater* than stem 

5.0 to 6. S mm. 

j 

Bulb Length 

1 

not over 9.S mm. 

8.0 to 9.5 mm. 

Bottom of 'Bulb to Gradu- 
ation Line at. 

Distance. 

-38 C. 1 -36 F. 

120 to 130 mm. 

f 

-57 C. 1 -70 F. 

120 to 130 mm. 

1 

Top of Thermometer to 

Graduation Line at 

Distance 

+49 C. 1 

19 to 2 

+120 F. 

tS mm. 

+20 C. i 

35to^ 

1 " +68 F 

iS mm. 

Expansion Chamber shall 
permit heating to 

+100 C. 

+212 F. 

+60 C. 

+140 F. 

Top Finish 

plain 

plain 

plain 

plain 

Longer Graduation Lines 
at Each,. 

SC. 

10 F, 

SC. 

10 F. 

Graduations Numbered at 
Each Multiple of 

10 C. 

20 F. 

toe. 

20 F. 

Immersion (See Section 6) 

108 mm. 

4| in. 

76 mm. 

3 in. 

Special Marking on Ther- 
mometer (Sec Section 

n 

108-MMIMMASTM 
CLOUD AND 
POUR 

4i-IN IMM ASTM 
CLOUD AND 
POUR 

76-MM lAIM ASThI 
LOW CLOUD AND 
POUR 

3- IN IMM ASTM 
LOW CLOUD AND 
POUR 

Scale Error at any point 
when standardised shall 
not exceed 

O.S C. 

IF. 

iC. 

2 F. 

Standardisation 

ice point, every 20 C.; 
and avg. temp. 
21 C. of emergent 
stem 

ice point, every 40 F.; 
and avg. temp. 
70 F. of emergent 
stem 

ice point, every 20 C.; 
and avg. temp. 
21 C. of emergent 
stem 

ice point, every 35 F.; 
and • avg. temp. 
70 F. of emergent 
stem 

Marking on Case 

A-S.T.M. Cloud and 
Pour, —38 to 
+50 C. 

A.S.T.M. Cloud and 
Pour, —36 to 
+120 F. 

A.S.T.M. Low Cloud 
and Pour, —60 to 
+20 C. 

A.S.T.M. Low Cloud 
and Four, —70 to 
+70 F. 


* These requirements were previously specified in A.S.T^. Method I> 97* 

® Toluene or other suitable liquid colored red with a permanent dye shall be used. 
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SpECmCATIONS EOa A.S.T.M. THERM<aiETEKS (E 1 - 46) 


TABI^ I.— REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Conliniui). 


Name..., 

A.S.T.M. Low^ 

Dlat!lIatioia'‘ 

A.S.T.M. High 

f ' ■ 

A.S.T.M. Thermometer., , 

7C-39 

7F - 39 

8C - 42 

00 

1 

Liquid......... 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid. ..... ' 

nitrogen gas 

nitrogen gas 

nitrogen gas 

altrogen gat 

Temperature Range 

0 to 300 C. 

30 to 580 F, 

0 to 400 C."* 

30 to 760 F.® 

Subdivisions 

IC.^ 

2F. 

1 

' ' 2F. 

Total Length... 

378 to 384 mm. 

378 to 384 mm. 

1 _ . : 

Stem Diameter ■ 

1 

6.0 to 7.0 mm. 

1 „ , - 

6.0 to 7! 

j 

>0 mm. 

Bulb Diameter., 

1 

5.0 to 6.0 ram. 

1 - 

s.o to e! 
1 

,0 mm. 

Bulb Length 

i 

10 to 15 mm. 

10 to i! 

5, mm. 

Bottom of Bulb to Gradu- 
ation Line at.. 

Distance. 

0 C. 1 32 F. 

100 to 110 mm. 

0 c. 1 32 F. 

25 to 45 mm. 

Top of Thermometer to 

Graduation Line at 

Distance 

300 C. 1 572 F. 

30 to 45 mm. 

400 C. 1 

30 to 4. 

752 F. 

5 mm. 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

SC. 

10 F. 

SC. 

10 F, 

Graduations Numbered at 
Each Multiple of 1 

IOC. 

20 F. 

10 C. 

20 F. 

Immersion 

total 

total 

total i 

total 

Special Marking on Ther- 
mometer (See Section 7). 

ASTM LOW DIS- 
TILLATION 

ASTM LOW DIS- 
TILLATION 

ASTM HIGH DIS- 
TILLATION 

ASTM HIGH DIS- 
TILLATION 

Scale Error at any point 

up to 

when standardized, 
shall not exceed. .. . 

300 C. 

0.5 C. 

572 F. 

IF. 

370 C. 

1 C- 

700 F, 

2F. 

Standardization. 

ice point, every 50 C., 
and at 300 C. 

ice point, every 100 
F., and at 572 F. | 

ice point, every 50 C., 
and at 370 C. 

ice point, every 100 
F., and at 700 F. 

Test for Permanency of 
Range (See Section 10) . 

subject to 280 to 290 
C. for 24 hr. • 

subject to 540 to 560 
F. for 24 hr. 

subject to 360 to 370 
C. for 24 hr. 

subject to 680 to 700 
F. for 24 hr. 

Marking on Case 

A.S.T.M. Low Dis- 
tillation, 0 to 300 C. 

A.S.T.M. Low Dis- 
tillation, 30 to 
580 F. 1 

A.S.T.M. High Dis- 
tillation, 0 to 400 C. 

A.S.T.M. High Dis- 
tillation, 30 to 
760 F. 


f These requirements were previously specified in A.S.T.M, Methods D 86, I> 216, and D 285- 
® These requirements were previously specified in A.S.T.M. Methods D 20, D 86, D 246, D 370, and D 402, except 
for the revision adopted in 1942. 

® Under certain test conditions, the bulb of the thermometer may be 28 C. (SO F.) above the temperature indicated 
by the thermometer, and at an indicated temperature of 371 C. (700 F.) the temperature of the bulb is approaching a 
critical range in the glass. It is therefore not desirable to use this thermometer under such conditions at indicated 
temperatures above 371 C. (700 F.) without checking the ice point. 

® For purposes of calibration and certification two or three division markings shall be placed below the zero on 
the Centigrade scale thermometer. 




TABLE I.-mEQUIRlMENTS. FOR, A.S.TJ€. 'THERMOMETERS 


Mwae. — ......... ........ 

A.S.T.M. PeosRy-Ms 
A.S.T.M. Tafi Close 

irteiis. Low Range® 
d Tester* 

; A.S,T.M, PensRy-Ms 

irtens. High. Range*’ 

A.S.T.M. Thermomtttr. . . 

9C-39 

9F-39 

iOC-39 

,10F-39. ■ 

Liquid 

mercury 

mercury 

1 mercury 

mercury . 

Filling above Liquid 

, nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

“7to-M10C. 

+20 to +230 F. 

90 to 370 C. 

200 to 700 F... 

Subdivisions. ' — , 

0.5 C. 

1 F. 

2G. 

■SF. ' 

Total Length 

273 to 2i 

f7 mm. 

273 to 277 mm. 

1 

Stem Diameter 

6.0 to 7 I 0 mm. 

6.0 to 7- 

'.0 mm. 

Bulb Diameter. 

not greater| 

than stem 

' " . 1 

not greater 

[ 

than stem, 

1 

Bulb Length — 

9.0 to 13 mm. 

not over 10 mm. 

Bottom of Bulb to Gradu- 
ation Line at..,. 

Distance 

-7C. 

75 to 9( 

+20 F. 

) mm. 

93 C. 1 200 F. 

75 to 90 mm. 

1 

T<m of Thermometer to 

Graduation Line at 

Distance - 

+110 C. 

25 to 4< 

+230 F. 

0 mm. 

371 C. 

•25 to 4 

! 700 F. 

0 mm. 

Expansion . Chamber ...... 





Top Finish 

glass ring 

glass ring 1 

glass ring 

glass ring • 

Longer Graduation Lines 
at Each 

1 C. 

1 

SF. ! 

IOC. 

25 F. 

Graduations Numbered at 
Each Multiple of 

5C. 

10 F. 

20 c. 

SOF. 

Immersion (See Section 6) 

57 mm. 

2K m. 

57 mm. 

2H’m. 

Special Marking on Ther- 
mometer (See S e ction 7) . 

57-MM. B'IM ASTM 
PM AND TAG 

2M-IN IMM ASTM 
PM AND TAG 

' j 

57-MM IMM ASTM 
PM HIGH 1 

234-IN IMM ASTM, 
PM HIGH 

Scale Error at any point 
when standardized shall 
not exceed 

0,5 C. 

IF. 

1 C. 

2.5 F. 

Standardization 

d i 

4 

« 1 


Test for Permanency of 
Range (See Section 10) 




subject to 360 to 370 
C., for 24 hr. 

subject to 680 to 700 
■F-, for 24 hr. 

Marking on Case 

A.S.T.M. P.M. and 
Tag, -7 to +110 C. 

A.S.T.M. P.M. and i 
Tag, +20 to +230 
F. i 

A.S.T.M.P.M.High, 
90 to 370 C. 

A.S.T.M. P.M,. High, 
200 to 700 F. 


® These requirements were previously specified in A.S.T.M, Methods I) 56 and D 93. 

® These requirements were previously specified in A.S.T.M. Method D 93. 

* The expansion chamber shall permit heating the thermometer at least 50 C. or 90 F. above the highest temperature 


OH IHC SCiHie. 

® The thermometer shall be standardized at the ice point and at intervals of approximately 30 C. or SO F. for S7-nim. 
@r immersion and for the following temperatures of the emergent mercury column: 


Average Temperature Averap Temperature 

Thermometer of Emergent Thermometer of Emergent 

Reading Mercury Column Reading Mercury Column 

20 C 20 C. 70 F..... 70 F. 

40C 31 C. 100 F..... 86 F. 

70 C 40 C. ISOF.... 104 F. 

lOOC 48C. 212F IISF. 

® The thermometer shall be standardized at intervals of approximately SO C. or iCH) F. for S7“mm. or 2M“in* immersion 
and for the following temperatures of the emergent mercury column : 


Thermometer 

Reading 

100 c 

ISO c 

200 C 

250 C 

300 C 

3S0, C 


Average Temperature Average Temperature 

of Emergent Thermometer of Emergent 

Mercury Column Reading Mercury Column: 

61 C. 200 F.... 140 r, 

65 C. . 300 F,.. 149 F. 

71 C. 400 F,... 160 F. ' 

....... 78C- SOOF.................... 17SF.' 

S7 C. '600F 195 F. 

99 C. roOF........ . 230 F. .... , 
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Specificationb for A.S.T.M. Thermometers (E l -46) 


TABLE I.-REQUIREMENTS FOR A.S.TM;. THERMOMETERS (Contimuij. 


Name...... 

A.S.T.M. Open Flash® | 

A.S.T.M.^ 

Gravity*' 

A.S.T.M.,. Thermometer.^. .. 

lie -42 

llF-42 

12C-39 

12F-39 

Liquid.. 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid. . . 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Eange 

-6 to. +400 C, 

+20 to +760 F. 

~20 to +102 C. 

-5 to +215 F. 

Subdivisions-,....... 

1' 2 C. 

1 ■ ,S F. 

0.2 C. 

O.SF. 

Total Length...... 

303 to 3< 

)7 mm. 

403 to 4C 
1 

>9 mm. 

Stem Dwoneter... 

j 

6.0 to 7. 

__ 1 

0 mm. 

7.0 to 8J mmi 

j 

Bulb Diameter... 

1 

not greater^ 

than stem 

6.0 to 7.0 mm. 

f 

Bulb I>ngth — 

i 

not over 10 mm. 

, 14 to 19 mm. , 

1 

Bottom of Bulb to Gradu- 
ation Line at 

Distance... 

-6 C. 1 +20 F. 

40 to 50 mm. 

-20 C. 1 

j ' .32 to 51 

■ -5 F. 

L mm. 

Top of Thermometer to 

Graduation Line at 

Distance... 

+400 C. i +760 F- 

30 to 45 mm. 

+102 C. 

25 to 4i 

■ +215 F. 

5 mm. 

Top Finish. 

red glass ring j 

red glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each...... 

10 c. 

10 F. 

! 

1 c. , 

1 F. 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

2C. 

5F. 

Immersion (See Section 6) 

25 mm. 

1 in. 

total 

total 

Special Marking on Ther- 
mometer (See Section 7). 

2S-MM IMM ASTM 
OPEN FLASH 

MN IMM ASTM 
OPEN FLASH 

ASTM GR 

ASTM GR 

Scale Error at any point 

up to 

when standardized, 
shall not exceed. .. . 

372 C. 

1C. 

700 F. 

2.5 F. 

0.1 C. 

0,25 F. 

Standardization. ... 

c 

e 

icc point and every 
15 or 20 C. 

icc point and every 
30 or 40 F. 

Test for Permanency of 
Range (See Section 10) . . 

subject to 360 to 370 C. 
for 24 hr. 

subject to 6S0 to 700 F. 
for 24 hr. 



Marking on Case 

A.S.T.M. Open Flash, 
-6 to +400 C. 

A.S,T.M. Open Flash, 
+20 to +760 F. 

A.S.T.M.Gr,,~20 to 
+102 C. 

A.S.T.M. Gr.. -S to 
+215 F. 


® These requirements were previously specified ia A.S.T.M. Methods D 92 tad D 243, except for the revisioL adopted 


® These requirements were previously specified in A.S.T.M. Method D 287. 

* The thermometer shall be standardized at the ice point and at intervals of approximately SO C. or 100 F. for 2S-mm. 
or 1-in. immersion and for the following temperatures of the emergent mercury column: 

Average Temperature Average Temperature 


Thermometer 

of Emergent 

Thermometer 

of Emergent 

Reading 

Mercury Column 

Reading 

Mercury Column 

100 C 

44 C. 

200 F 

110 F. 

ISO c 

54 C. 

300 F 

129 F. 

200 C... 

64 C. 

400 F 

iSOF. 

250 C 

77 C. 

500 F.. 

175 F. 

300 C 

91 C. 

600 F.......... 

205 F. 

350 C 

108 C, 

700 F 

240 F. 


■■ ' 
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TABLE I.— REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Contimed). 



■A.S,T.M. Loss on 
Heat® 

. .... j. 


i .iaa. raruma.. w 

ax meiniig jromi.'' 

A.S.T.M. Thermometer. — 

13C-39 

14C - 39 

14F-39.' 


mercury 

mercury 

mercury 


Filling above Liquid . 

nitrogen gas 

nitrogen gas 

nitrogen gat 

Temperature Range : 

155 to 170 C. 

38 to 82 C. 

■ 100 to' 180 F, ' 

Subdivisions..... 

0.5 C. 

0.1 C. 

0.2 F. .. 

Total .Length 

ISO to 154 mm. 

365 to , 
! 

371mm. . 

Stem Diameter... 

6.0 to 7.0 mm. 

6.0 to 7.0 mm. 

1 

Bulb Diameter 

5.0 to 6.0 mm. 

1 

not greater 

than stem 

Bulb Length 

10 to IS mm. 

1 not over 28 mm. 

not over 28 mm. 

Bottom of Bulb to Graduation Line at. 

Distance 

oc./ 

33 to 

38 mm. 

155 C. 

70 to 

80 mm. 

38 C. ! 

lOS to I 

1 

lOOF. 

15 mm. 

1 

Top of Thermometer to Graduation Line at 

Distance 

170 C. 

20 to 30 mm. 

82 C. i 180 F. 

• 25 to 40 mm. 

Contraction Chamber 

« 

d 1 

d 

Expansion Chamber shall permit heating to 

« 

100 C. 

212 F. ' 

Top Finish 

glass ring 

plain 

plain 

Longer Graduation Lines at Each 

1 c. 

0.5 C. 

l.OF. 

Graduations Numbered at Each Multiple of 

5 C.; and at 0 C. 
and 163 C. 

1C. 

2F. 

Immersion (See Section 6) 

total 

79 mm. 

3H in. 

Special Marking on Thermometer (See Section 7). 

ASTM LOSS ON 
HEAT 

ASTM PARAFFIN 
MP 79-MM IMM 

ASTM PARAFFIN 
MP 33^-IN IMlVf 

Scale Error at any point when standardized shall 
not exceed 

o.s c. 

0.1 C. 

0.2 F. 

Standardization 

at three points in- 
cluding 163 C. for 
total immersion 

every 10 C. for 79-mm. 

immersion, and for 
* a vg. temp. 25 C. of 
emergent stem 

every 20 F. for SH* 
in. immersion, and 
for avg. temp. 77 F. 
of emergent stem 

Marking on Case 

A.S.T.M. Loss on 
Heat, 155 to 170 C. 

A.S.T.M. Paraffin 
M.P., 38 to 82 C. 

A.S.T.M, Paraffin 
M.P., 100 to 180 F. 


® These requirements were previously specified in A.S.T Jl. Method D 6, except for the editorial changes made in 1942. 
^ These requirements were previously specified in A.S.T.M. Methods D 87 and D 127. 

* The contraction chamber shall be of the long, narrow type; the top shall be not more than 65 mm. above the bottom 
the bulb. 

The top of the contraction chamber shall be not more than 41 mm. above the bottom 01 the bulb. 

® The expansion chamber shall permit heating the thermometer at least 25 C, above the highest temperature on the 
de. , ... 

^ At the ice point the thermometer shall be graduated from — 1 C. to 4- 1 C. in 0.5 C. divisions. 
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Spectications for A.S.T.M. Thermometers (E 1 - 46) 


TABLE I.-EEQUIREMENTS FOR A.S.TM. THERMOMETERS (CtnltnutS). 


Name...,..,,....... 

A.S.T.M. Low S 

Point® 

A.S.T.M. Hiib Softening Polnt^ 

A.S.T.M. Thermometer... 

15C - 39 

lSF-39 

16C - 39 

IGF -39 

Liquid,. 

mercury 

mercury 

mercury 

mercury 

Fiilmg above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gai 

Temperature Range 

-2 to 480 C. 

430 to 4180 F. 

30 to 200 C. 

85 to 392 F. 

Subdivisions 

0.2 C. 

0.5 F. 

0,5 C. 

IF. , 

Total Length 

378 to 31 

84 mm. 

378 to 3: 

: 1 

84 mm. 

Stem Diameter.. 

6.0 to 7 !o mm. 

6.0 to 7.0 mm. 

1 

Bulb Diameter. 

...j .. , - - 

4.5to5.5mm. 

.. - - - 

4.5 to 5 .5 mm. 

! 

Bulb Length 

1 

9,0 to 14 mm. 

9.0 to 14 mm. 

Bottom of Bulb to 6radu~ 

ation Line at 

Distance., 

0 C. 1 32 F. 

75 to 90 mm. 

30 C. 1 85 F, 

75 to 90 mm. 

! 

Top of Thermometer to 

graduation Line at 

Distance 

80 C. 1 176 F. 

30 to 45 ram. 

1 

200 C. 

30 to 4 

392 F. 

5 mm. 

Expansion Chamber shall 
permit heating to at 
least 

130 C. 

270 F. 

250 C. 

482 F. 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

1C, 

IF. 

1 C. 

5F, 

Graduations Numbered at 
Each Multiple of. 

2C. 

5F. 

5C. 

10 F. 

Immersion. 

total 

total 

total 

total 

Special Marking on Ther- 
mmnetcr (See Section 7) 

ASTM LOW SP 

ASTM LOW SP 

ASTM HIGH SP 

ASTM HIGH SP 

Scale Error at any point 
when standardized shall 
not exceed 

0.2 C. 

0.4 F. 

0.3 C. 

0.5 F. 

Standardization... 

ice point, and every 
20 C. 

ice point, and every 
40 F. 

every 40 C. 

every 70 F. 

Marking on Case 

A.S.T,M, Low S.P.. 
-2 to 480 C. 

A.S.T.M. Low S.P., 
430 to 4180 F. 

A.S.T.M. High S.P., 
30 to 200 C. 

A.S.T.M. High S.P., 
85 to 392 F. 


f Tiicse requirementa were previously specified in A S.T.M, Methods D 36, 1) 61, D 139, and E 28. 

® These requirements were previously specified in A.S.T M. Method D 36, except for tb® temperature range, and 
in M thod E 28. 
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TABLE I.-REQTIIREMENTS FOR A.S.T.M, THERMOMETERS 


Name 

i 

A.S.T,M. Saybolt Viscosity* 

A.S.T.M. Saybolt 
Viscosity 

A..S.T.M. Saybolt 
Viscosity® 
A.S.T.M. Reid 
Vapor PressMjre^^ 

A.S.T.M. Thermometer... 

17C - 39 

17F - 39 

1 ISC “ 39 

18F--39 . : , . 

Liquid 

mercury 

mercury 

1 ' mercury 

mercury . 

Filling above Liquid. ..... 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at 

19 to 27 C, 

21.1 and 25 C* 

66 to 80 F. 

70 and 77 F. 

34 to 42 C. 

37S C. 

94telilF. 

100 f. 

Subdivisions 

0.1 c. 

0.2 F. 

0.1 c. 

0.2 F. 

Total Length 

O 

56 mm. 

252 to 256 mm. 

j 

Stem Diameter^ 

3.0 to 7 ' 

i — ^ — 

.0 imn. 

6.0 to 7.0 mm. 

Bulb Diameter 

not less than 5.0 mm. 
not greater than stem 

not less than 5*0 mm. 
not greater than stem 

! . 

Bulb Length' 

! 

25 to 35 mm. 

25 to 35 mm. 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

19 C. ! 66 F. 

135 to 150 mm. 

34 C. 1 94 F. 

135 to ISO mm. 

T<m of Thermometer to 

Graduation Line at 

Distance 

27 C. i 80 F. 

20 to 35 mm. 

42 C. 

20 to 3 

1 108 F. 

S mm. 

Contraction Chamber 

h 


b i 

b 

Expansion Chamber 

e 

e 


e 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

0.3 C. 

IF. 

0 .S c. 

1 F. 

Graduations Numbered at 
Each Multiple of 

1C. 

2F. 

1C. 

2 F. 

Immersion 

total 

total 

total 

total 

Special Marking on Ther- 
mometer (See Section 7) 

ASTM SAYBOLT^ 
VIS 21.1 AND 25 C^ 

ASTM SAYBOLT 
VIS 70 AND 77 

ASTM SAYBOLT 
VIS 37.8 C^^ 

ASTM SAYBOLT 
VIS 100 F*^ 

Scale Error at any point 
shall not exceed 

0.1 C. 

0.2 F. 

0,1 c. 

0.2 F. 

Standardization — 

total immersion* 

total immersion* 

total immersion* 

total immersion* 

Marking on Case 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 19 to 27 C. 

A,S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 66 to 80 F. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 34 to 42 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 94 to 108 F. 
or 

A.S.T.M. Reid Vapor 
Pressure Thermom- 
eter 


“ These requirements were previously specified in A.S.T.M. Method D 8S. 

* The contraction chamber shall be of the long, narrow type; the top shall be not more than 60 mm. above the bottom 

of the bulb. The mercury shall stand in the contraction chamber at 0 C. (32 F.). , , . , 

® The expansion chamber shall permit heating the thermometer 30 C. (90 F.) above the highest temperature on the 
scale, and in all cases shall permit heating to 100 C, (212 F.). ^ ^ . v 

® The test temperatures shall be shown in full at the appropriate points on the scale and the graduations corresponding 
to these points and the numbers shall be in red. 

* Correction for emergent stem shall not be applied. , . 

^ The stem shall be made with an enlargement not less than 4.0 nor more than 7 .0 mm. in length, having a diameter 2.0 
l<3.0 mm. greater than that of the stem, the bottom^ of the enlargement being 114 mm. above the bottom of the bulb. 

^ TWe requirements were previously specified in A.S.T.M, Method D 323, 
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Sl>ECIFICAnONS FOR A.S.T.M. THERMOMETERS (E 1 - 46) 


TABLE I.— REQUIREMENTS FOR A.S.TM. THERMOMETERS (Contimud). 


Nam®,...... 

A.SXM.Sayb 

olt Viscosity® 

A.S.T.M. Sayb 

olt Viscosity® 

A.S.T.M. Thermometer. . . 

19C- 39 

19F-39 

20C~39 

20F-39,. 

Liquid. 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid, 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Tcmjwrature Kang* 

For Tests at 

49 to $1 C. 

50 and 54.4 C. 

120 to 134 F. 

122 and 130 F. 

■57 to 65 C. 

60 C. 

l34tol4SF.' 

140 F, ■ 

SubdivisiGns 

0.1 C. 

0.2 F. 

0.1 C. 

0,2 F. 

Total Length. . ' 

252 to 2 

56 mm. 

1 

252 to 2 

1 

56 mm. 

1 ^ - 

Stem Diameter*^. ......... 

6.0 to 7 

I 

,0 mm. 

1 

6.0 to 7 

1 

.0 mm. 

1 

Bulb Diameter 

not lets than 5.0 mm. 
not greater than stem 

not less than S.O mm. 
not greater than stem 

I 

Bulb Length. 

1 — — 

25 to 35 mm. 

25 to 35 mm. 

Bottom of Bulb to Gradu- 
ation Line at 

Distance — . . 

49 C. i 120 F. 

135 to 150 mm. 

57 C. 1 134 F. 

135 to 150 mm. 

1 

Tot of Thermometer to 

Graduation Line at 

Distance 

57 C. 1 

20 to 3 

134 F. 

S mm. 

65 C. 

20 to 3, 

1 148 F. 

5 mm. 

Contraction Chamber .... 

1 h 

h 

h 

h 

Expansion Chamber 

« 

6 

c 

e 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

0.5 C. 

1 F. 

0.5 C. 

1 F. 

Graduations Numbered at 
Each Multiple of 

1 C. 

2 F. 

1 C. 

2F. 

Immersion. 

total 

total 

total 

total 

Special Marking on Ther- 
mometer (See Section 7) 

1 ASTM SAYBOLT, 

1 VIS 50 AND 54.4 C<* 

ASTM SAYBOLT J 
VIS 122 AND 130F^\ 

ASTM SAYBOLT 
VIS 60 

ASTM SAYBOLT 
VIS 140 F'^ 

Scale Error at any point 
shall not exceed 

0.1 C. 

0.2 F. 

0.1 C. 

0.2 F. 

Standardisation. 

total immersion* 

total immersion* 

total immersion* 

total immersion® 

Marking on Case 

A.S.T.M, Saybolt 
Viscosimeter Ther- 
mometer, 49 to 

57 C. 

A.S,T.M. Saybolt 
Viscosimeter Ther- 
mometer, 120 to 

134 F. 

A.S.T.M. Saybolt 
Viscosimeter Ther- i 
mometcr, 57 to 

65 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 134 to 
14SF. 


* These requiTcments were previously specified in A.S.T.M. Standard Method I) 88. 

® The contraction chamber shall be of the long, narrow type; the top shall be not more than 60 mm. above the bottom 
of the bulb. The mercury shall stand in the contraction chamber at 0 C. (32 F.). 

‘The expansion chamber shall permit heating the thermometer SO C. (90 F.) above the highest temperature on the 
scale, and in all cases shall permit heating to 100 G* (212 F.) . 

® The test temperatures shall be shown in full at the appropriate points on the scale anji the graduations corresponding 
to these points and the numbers shall be In red. 

• Correction for emergent stem shall not be applied. 

^ The stem shall be made with an enlargement not less than 4.0 nor more than 7.0 mm. in length, having a diameter 
2.0 to 3.0 imn. greater than that of the stem, the bottom of the enlargement being 114 mm. above the bottom of the bulb. 
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TABLE I.-REQUIEEMENTS FOR A.S.T.M. THERMOMETERS (CttHmutd). 


Name 

A.S.T.M. Saybe 

itt Viscosity® 

A.S.T.M. Sayb 

aU, viscosity* . 

A.S.T.M. Thermometer.. . 

2iC- 39 

21F~39 

22C o9 

22F;-"39: 

Liquid, ............ 

mercury 

mercury 

mercury 

mercury ■ 

Filling above Liquid.. .... 

nitrogen gas 

nitrogens’** 

I nitrogen gas 

nitrogen gas 

Temperature Range. ..... 

For Tests at. 

i 79 to 87 C. 

1 82.2 C. 

IH to 188 F. 

180 F. 

! ■ ■ ■■ 

95 to 103 C. 

1 .98.9C. 

204 to 218 F. 

210 F. 

Subdivisions. 

1 ' o.iC. 

! ■■■'■' 0.2 F. ■ 

1 

O.iC. 

0.2 F. 

To tai Length, 

252 to 256 mm. 

1 

252 to 2; 

1 

>6 mm. 

Stem Blameter<^ 

6.0 to ' 

i 

7.0 mm. 

6.0 t© 7.0 mm. 

Bulb Diameter 

not less than 5,0 mm. 
not greater than stem 

, - ,j., 

not less than 5,0 mm. 
not greater than stem 

Bulb Length 

25 to 35 mm. 

25 to 

35 inin. , 

Bottom of Bulb to Grad- 
uation Line at 

Distance 

79 C. i 174 F. 

135 to ISO mm. 

95 C. 1 204 F. 

135 to 150 mm. 

Top of Thermometer to 

Graduation Line at 

Distance 

87 C. 1 188 F. 

20 to 35 mm. 

: 1 

103 C. 1 

1 20 to 3 

1 218 F. 

3 mm. 

Contraction Chamber, . . , 

h 

b 

b 

6 

Expansion Chamber 


« 

« 


Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

0.5 C. 

IF, 

0.5 C. 

IF. 

Graduations Niimbered at 
Each Multiple of 

1 C. 

2F. 

1 C. 

2F. 

Immersion 

total 

total 

total 

total 

Special Marking on Ther-i 
mometer (See Section?). 

ASTM SAYBOLT 
VIS 82.2 

ASTM SAYBOLT 
VIS 180 

ASTM SAYBOLT 
VIS 98.9 \ 

ASTM SAYBOLT 
VIS 210 

Scale Error at any point 
shall not exceed 

0.1 c. 

0.2 F, 

O.IC. 

0.2F. 

Standardization. 

total immersion* 

total immersion* 

total immersion* 

total immersion* 

Marking on Case 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 79 to 87 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 174 to 

188 F. 

A.S.T.M^. Saybolt 
Viscosimeter Ther- 
mometer, 95 to 

103 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 204 to 

218 F. 


These requirements were previously specified in A.S.TJVI. Standard Method D 88. 

^ The contraction chamber shall be of the long, narrow type; the top shall be not more than 60 mm. above the bottom 
of the bulb, Themercury shall stand in the contraction chamber at 0 C. (32 FJ. 

* The expansion chamber shall permit heating the thermometer SO C, (90 F.) above the highest temperature on the 
scale, and in all cases shall permit heating to 100 C. (212 F.). 

“ The test temperatures shall be shown in full at the appropriate points on the scale and the graduations correspond- 
ing to these points and the numbers shall be in red. 

* Correction for emergent stem shall not be applied. 

^ The stem shall be made with an enlargement not less than 4.0 nor more than 7.0 mm. in length, having a diameter 2.0 
to 3.0 mm. greater than that of the stem, the bottom of the enlargement being 114 mm. above the bottom of the bulb. 
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TABLE I.— REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Cinimmd^. 


Name; ■ . ■.7;'?;-* — ' 

A.S.T.M. . 

Engler Viscoaity*®*® 

A.S.T.M. 

Engler Viscosity*'* 

A.S.T.M. ' 
Engler ViiCosity®»^ 


A.S.T,M. .Thermometer. 

23C ~ 39 

24C-39 

25C-39 

Liquid.... .'.-w. 

mercury 

mercury 

mercury 

Filling above Liquid. 

nitrocicn gas 

nitrogen gas 

nitrogen gas 

Temperature Range. — 

18 to 28 C. 

39 to 54 C. ■ 

95 to los e. 

Subdivisions., , 

0.2 C. 

" 

, 0.2 0. ,' 

Total Length ■ - 

200 to 207 mm. 

225 to 232 mm. 

200 to 207 mm. 

Stem Diameter — 

5.5 to 6.5 mm. 

5.5 to 6.5 mm 

5.5 to 6.5 nito'.,,:,.,,. 

Bulb Diameter. ..... — 

5.5 to 6.5 mm. 

S.S to 6.5 mm. 

5.5 to 6,5 mm. ,■ 

Bulb Length.. 

13 to 19 mm. 

13 to 19 mm. 

: 13 to 19 mm 

Bottom of Bulb to Graduation Line at 

Distance 

18 C. 

108 to 118 mm. 

39 C. 

108 to 118 mm. 

95 C. 

108 to 118 mm. 

Top of Thermometer to Graduation Line at 

Distance 

28 C. 

30 to 40 mm. 

54 C. 

30 to 40 mm. 

105 C. 

30 to 40 mm. 

Contraction Chamber 

« 

« 

e 

Expansion Chamber. 

d 

d 

d 

Top Finish. ... 

glass button 

glass button 

glass button 

Longer Graduation Lines at Each 

1C. 

1C 

1C. 

Graduations Numbered at Each Multiple of 

2C. 

2C. 

2C. 

Immersion (See Section 6) 

90 mm. 

90 ram. 

90 mra. 

Speda! Marking on Thermometer (See Section 7) . 

Full figures at 25 C. 

ASTM ENGLER« 
90-MM IMM® 

Full figures at 40 and 
50 C. 

ASTM ENGLER* 
90-MM: IMM« 

Full figures at 100 C 

ASTM ENGLER* 
90-MM IMM« 

Scale Error at any point shall not exceed 

0.1 C. 

O.l C. 

O.l c. 

Standardiaation 

90-mm. immersion 

90-mm. immersion 

90-mm. immersion 

Marking on Case 

A.S.T.M.Engler Vis- 
cosimeter Ther- 
mometer, 18 to 

28 C. 

A.S.T.M. Engler Vis- 
cosimeter Ther- 
mometer, 39 to 

54 C. 

A.S.T.M. Engler Vis- 
cosimeter Ther- 
mometer, 95 to 

105 C. 


® These requirements were previously sped6ed in A.S.T.M. Standard D 300. 

^ The thermometer shall be mounted in a brass ferrule consisting of a tubular bushing 8.0 mm. in outside diameter 
with a flanged head approximately 12 m.m. in diameter so that the upper e.xtremity of the 8-mm. diameter is located 90 
mm. from the bottom of the bulb, 

® The contraction chamber shall be of the long, narrow type; the top shall be not more than 60 mm. above the bottom 
of the bulb. The mercury shall stand approximately in the middle of the chamber at 0 C. 

“ The expansion chamber shall permit heating the thermometer SO C. above the highest temperature on the scale and 
in, all cases to permit heating to, 100 :C, , 

® To be etched on the glass stem above the brass ferrule. 
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TABLE I.-REQOTREMENTS FOR A.S.T.M. THERMOMETERS 



A.aX.M. stability 
Test of Soluble 
Nitrocellulose®*® 

A.S.T.M. Turpen- ■ 
tine Distillation® 

A.S.T.M, Titer 
Test 


A.S.T.M. Thermometer. ■ 

26C - 42 

27C - 42 

36C- 42 , : 


mercury 

mercury 

mercury , . 


Filling above Diquid. ..... 


nitrogen gas 

nitrogen gas 

Temperature Range 

130 to 140 C. 

147 to 182 C. 

-2to-f68C. 

Subdivisions. 

0.1 C. 

0.5 C. 

O.2.C. 

Total Length — ' 

ISdcH in.® 

291 to 296 mm. 

385 to 390 mm. 

Stem Diameter 


6.0 to 7.0 mm. 

HBEBi 

Bulb Diameter 


4.0 to 5.5 mm. 

5.5 to 7.0 mm.® 

Bulb Length 

Z%±U in. 

10 to 15 mm. 

15 to 25 mm., 

Bottom of Bulb to Graduation Line at 

Distance , 

130 C. 

in. 

147 C. , 

100 to IIS mm/ 

-2€.' 

SO to 60 mm. 

Top of Thermometer to Graduation .Line at 

Distance 

0 

g 

182 C. ^ 

30 to 45 mm/ 

68 C. 

20 to 35 mm. 

Contraction Chamber 

yes 

h 

no 

Expansion Chamber 

% 

permit heating to 
230 C. 

i 

Top Finish 


glass ring 

glass ring 

Longer Graduation Lines at Each 

0.5 C. 

1 C. 

1 C. 

Graduations Numbered at 

each i C. and 130, 
135, and 140 C. 

each 2 C. (even) 

each 2 C. 

Immersion (See Section 6) 

total 

76 mm. 

45 mm. 

Special Marking on Thermometer (See Section 7) . . 

ASTM STAB NC 

ASTM TURP DIST 
76-MM IMM 

ASTM: FAC TITER 
TEST 4S-MM IMM 

Scale Error at any point when standardized shall 
not exceed 

0.2 C. 

0.5 C. 

0.2 C. 

Standardization 


At three points in- 
cluding 155 C. and 
175 C., at 3-m. im- 
mersion, and avg. 
temp. 25 C. of 
emergent stem. 

h 

Marking on Case 

A.S.T.M. Stability 
NitrocelluloseTher- 
mometer, 130 to 
140 C. 1 

A.S.T.M. Turpentine 
Distillation Ther- 
mometer, 147 to 
182 C, 

A.S.T.M.: F.A.C. 
Titer Test Ther- 
mometer —2 to 
-1-68 C. 


^ These requirements were previously specified in A.S.T.M. Method D 301, except for the revisions adopted in 1942. 

° Due to the application requirements for range and construction of this thermometer, it is not practicable to include 
reference points. Therefore, the National Bureau of Standards will issue a report instead of a certificate for this thermom" 
eter when submitted to the Bureau for test. 

® The thermometer shall have a white enamel back. 

® The stem may be either the plain front or lens front type. If the thermometer is of the lens front type, the cross- 
section of the stem shall be such that it will pass through an 8-mm. ring gage but will not enter a 5-mm. slot gage. 

* In no case shall the bulb diameter be greater than the diameter of the stem. 

The graduated portion shall be not less than 131 mm. 

^ The distance from the 130 G. to the 140 C. graduation marks, that is, the scale length, shall be 4M ± M ia. 

^ The contraction chamber shall be of the long, narrow type; the top shall be not more than 40 mm. above the bottom 
of the bulb. The mercury shall stand near the bottom of the chamber at 0 C. 

f An expansion chamber shall be provided to accommodate expansion up to 175 C. 

^ The expansion chamber shall permit heating to 85 C. The length of unchanged capillary between highest gradua- 
tiomand expansion chamber shall be 10 mm. . . 

* The thermometer shall be standardized at the ice point and at intervals of approximately 20 C. for 45-mm. immersion 
'and for an average stem temperature of emergent mercury column of 25 C. 
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SPECiFieATioNS FOR A.S.T.M. Thermometers (E 1 - 46) 

TABLE I.-REQOIREMENTS FOR A.S.TM. THERMOMETERS (ConcWei). 


A.S.T.M. Thermometer. , 
•■■'Liquid.'..,..;...:..'. .. — ' 
Filling above Liquid. . . . 


Temperature Range. —40 or — 30 F. 

to +120 or +130 ] 

Subdivisions — — . • 1 F. 

Total Length. 254 to 30S mm. 

Stem Diameter..,, — 6.0 to 7.0mm. 

Bulb Diameter .... 


Bulb Length. not over 25 mm 

Contraction Chamber — none 

Expansion Chamber — yes 


Enlargement of Button — 


Bottom of Bulb to Graduation Line at 

Distance. — 


Air Chamber 
Thermometer 
(A.S.T.M. Reid 

V apor-Pressore 
Test)** 

A.S.T.M.Tuna‘’<' 

31F-44 

• 32C-44 

mercury 

mercury 


nitrogen gas or 
hydrogen gas 

-40 or -30 F. 
to +120 or +130 F. 

240 to 310 C. 

IF. 

2 C. 

254 to 305 mm. 

195 to 200 mm. 

6.0 to 7.0 mm. 

6.0 to 7.0 mm. 


not greater than stem 

not over 25 mm. 

not over 9 mm. 

none 

■C 

yes 

4 


Distance to 2S2 C.: 

77 to 79 mm. 
Distance to 240 C.: 

46 to 52 mm. 
Distance to 310 €.: 
94 to 104 mm. 


Top of Thermometer to Graduation Line at. 
Distance 


Top Finish plain 


Longer Graduation Lines at Each 10 C. 

Graduations Numbered at Each Multiple of . . . . ' 20 C. 

Immersion — total total 

Speciai Marking on Thermometer (See Section 7) ASTM TUN G 

Scale Error at any point when standardized, shall not exceed 0.5 F. ^ 

Standardaa tkn. 250 C 282 0. 

A.S.T.M. Tung Oil 

Marking on Case • * * • Thermometer, 240 

to 310 C. 

® These requirements were previously«specified in A,S.T.M. Method D 323, except for the editorial changes made in 
1942. 

® These requirements in part were previously specified in A.S.T.M. Specifications D 12. 

^The contraction chamber shall be not less than 13 mm. below 240 C. 

** The expansion chamber or capillary extension shall permit heating to 380 C, 

^ Enlargement of the button shall be so located on the stem that the under-side of the button shall be ISO mm. from 
the bottom of the bulb; diameter of button shall be approximately 3 mm. greater than diameter of the stem. 

/ The error at 282 C. shall not exceed 1 C. (one half scale division) The error at other points of the scale shall not 
exceed 2 G.' (one .-icale division). 

^ Due to the application requirements for range and construction of this thermometer, it is not practicable to include 
reference points. Therefore, the National Bureau of Standards will issue a report instead of a certificate for this 
thermometer when submitted to the Bureau for test. 


Marking on Case . 





APPRO?J£D AS 
AMEMCAK StAKBARD ' 

BY THE AMERICAS STAHBARDS ASSOCIATION 
. ASA NO.: .Z23a-193t • , , 

AMERICAS ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARB 
A.A.S.H.O. HO.: M 92-42 


Standard Specifications for 


SIEVES FOR TESTING PURPOSES^ 

WIRE CLOTH SIEVES, ROUND-HOLE AND SQUARE-HOLE 
SCREENS OR SIEVES 



A.S.T.M. Designation: E 11 -39 
Adopted, 1939,* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 11; the fiuial number indicates the 3 ^earof original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L These specifications cover woven- 
wire cloth sieves, round-hole screens 
(sieves) and square-hole perforated plate 
screens (sieves) for precision testing in 
the classification of materials according 
to size (mechanical analysis, fineness, 
and particle size determinations) . The 
sieves covered by these specifications are 
intended for general use (Note 1). A 
method of calibrating woven wire cloth . 
sieves is included as information in the 
Appendix. 

Note 1. — Some industries may possibly re- 
quire more restricted specifications for sieves 
for special testing purposes. 

Woven Wire Cloth .Sieves 
Sieve Cloth 

2. {a) Wire cloth for standard sieves 
shall be woven (not twilled, except the 


1 Uader the standardization procedure ol the Society, 
these specifications are under the Jurisdiction of the 
A.S.T.M. Committee, E-1 on Methods of Testing. 

* Prior to their present adoption as standard, these spec- 
ifications were published as tentative from 1925 to 1926. 
They were adopted in 1926, but withdrawn and republished 
as tentative from 1938 to 1939, being revised in 1939, 

These specifications comprise a consolidation of 
the former Standard Specifications for Sieves for Testing 
Purposes (Eli - 26) and for Round-Hole Screens for 
Testing Purposes (E 17 - 36), which specifications were 
accordingly discontinued in 193$. 


cloth of the 62-, 53-, 44-, and 37-micron 
sieves) from brass, bronze, or other suit- 
able wire, and shall not be coated or 
plated. 

(6) The average opening between the 
adjacent warp and the adjacent shoot 
wires, taken separately, shall conform 
to that given in column 2 of Table 
I, within the ^‘permissible variation 
in average opening’^ given in column 4. 
Column 3 gives the approximate equiva- 
lents in inches of the basic values in 
millimeters given in column 2. The 
average diameter of the warp and of 
the shoot wires, taken separately, of 
the cloth of any given sieve shall be 
within the limits given in column 6 
of Table I. Column 7 gives the approxi- 
mate equivalents in inches of the basic 
values in millimeters given in column 6. 
The maximum width of opening be- 
tween adjacent warp or shoot wires 
shall not exceed the nominal width 
of opening by more than the “permis- 
sible variation in maximum opening’’ 
given in column ' 5 ' of Table I. An 
exception may be made, in the case of 
8-in. sieves, if the total length of ail the 
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Specifications roK Sieves (E 11 - 39) 


■ TABLE I,~-NOMINAL BIMINSIGNS, PERMISSIBLE VARIATIONS, AND LIMITS FOR WOVEN WIRE CLOTH 

OF STANDARD SIEVES. 


Sise or , ' , 

.. Sieve. Designation 

Sieve Opening j 

Permissible 
Variations j 
in ■ j 
Average 
Opening, 
per cent 

: Permissible 
i Variations 
in 

Maximum 
Opening," 
per cent ' 

Wire Diameter „ 

mm. 

in. 

(approx. 

equivalents) 

mia, , 

in. 

(approx. 

equivalents) 

.'CD 

(2) 

(3) 

(4) 1 

IS) 

(6) 

m 


COAKSB SEEIES 


(4-24-m.) 

107.6 

4.24 

=h2 


-3 

5.6 

to 9.1 

0.220 

to 0.380 


101.6 

4.00 

=fc:2 

_ 

-3 

S.6 

to 9,7 

0.220 

to 0.380 


88,9 

3.50 

±2 

- 

-3 

5.3 

tO' 9.3 

0.210 

to 0.365 


76.2 

3.00 

±2 

- 

-3 

4.8 

to 8.1 

0.190 

to 0.320 


63.5 

2.50 

db2 

- 

-3 

4,4 

to 7.1 

0.175 

to 0.280 

(riZ-in.)*'*' 

53,8 

2.12 

±2 

- 

-3 

4.1 

to 6.2 

0.160 

to 0.245 



50.8 

2.00 

±2 

H 

-3 

4.t 

to 6.2 

0.160 

toO.245 

iU^m 

44.4 

1.75 

db2 

+3 

3.8 

to 5.7 

0.150 

to 0.225 

' ■- / 

38.1 

1.50 

=fc:2 

+3 

3.7 

to 5.3 

0.145 

to 0.210 

i^4n,, 

31.7 

1.25 

=h2 

+3 

3.5 

to 4.8 

0.140 

to 0.190 


26.9 

1.06 

d=3 

-fS 

3.43 

to 4.50 

0.135 

to 0.177 

l-in. 

25.4 

1.00 

±3 

+5 

3.43 

to 4,50 

0.135 

to 0.177 


22.2 ' 

0.875 

db3 

■f 5 , 

3.23 

to 4.22 

0.127 

to 0.166 



M-m 

19.1 

0.750 

±3 

+5 

3.10 

to 3,91 

0.122 

to 0.154 


15.9 

0.62S 

dr3 

- 

hS 

2.74 

to 3.43 

0.108 

to 0.135 



(0.530-m.)** 

13.4 

0.530 

db3 * 

- 

-5 

2.39 

to 3.10 

0.094 

to 0.122 


12.7 

0.500 

±3 

- 

-5 

2.3t 

to 3.10 

0.094 

to 0.122 

, , 

^-in.. 

11. 1 

0.438 

d=3 

- 

-5 

2.23 

to 2.84 

0.088 

to 0.112 

fj-in 

9.52 

0.375 

±3 

- 

-S 

2.11 

to 2.59 

0.083 

to 0.102 


7.93 

0.312 

±3 

.. 

-5 

1.85 

to 2.36 

0.073 

to 0.093 



(0 265-in.)*’* 

6.73 

0.265 

drS 

- 

-S 

1.60 

to 2.11 

0.063 

to 0.083 

M-in. (No. 3) 

6.35 

0.250 

±3 


-S 

1.60 

to 2.11 

0.063 

to 0.083 


Fine Series*’ 


5660 micron (No. 

3H) 

5.66 

0.223 

=3=3 

-j 

-10 

1.28 

to 1.90 

0.030 to 0. 075 

4760 micron (No. 

4) 

4.76 

0.187 

=3=3 

- 

-10 

1.14 

to 1.68 

0.045 to 0.066 

4000 micron (No. 

5) 

4.00 

0.157 

=3=3 

*• 

-to 

1.00 

to 1.47 

0.039 to 0.058 

3360 micron (No. 

6) 

3.36 

0.132 

=3:3 

- 

-10 

0.87 

to 1.32 

0.034 to 0.052 

2830 micron (No. 

7) 

2.83 

0.111 

=3=3 

- 

-10 

0.80 

to 1.20 

0.031 to 0.047 

2380 micron (No. 

8)... 

2.38 

0.0937 

=3=3 

+10 

0.74 

to 1.10 

0.029! to 0.0433 

2000 micron (No. 

10) 

2.00 

0.0787 

=3=3 

+10 

0.68 

to 1.00 

0.0268 to 0.0394 

1680 micron (No. 

12) 

1.68 

0.0661 

=3=3 

+10 

0.62 

to 0.90 

0.0244 to 0.0354 

1410 micron (No. 

14) 

1.41 

O.OSSS 

=3=3 

+10 

0.56 

to 0.80 

0.0220 to 0.0315 

1190 micron (No. 

16) 

1.19 

0.0469 

=i:3 

+10 

0.50 

to 0.70 

0.0197 to 0.0276 

1000 micron (No. 

18) 

1.00 

0.0394 

dhS 

+15" 

0.43 

to 0.62 

0.0169 to 0.0244 

840 micron (No. 

20) 

0.84 

0.0331 

=3:5 

+15" 

0.38 

to 0.55 

0.0150 to 0.0217 

71Q micron (No. 

25) 

0.71 

0.0280 

=3:5 

+15" 

0.33 

to 0.48 

0.01.30 to 0.0189 

590 micron (No. 

30) 

0.59 

0.0232 

■ dh5 

+ 1S« 

0.29 

to 0.42 

0.0114 to 0.0165 

SOO micron (No. 

35). 

0.50 

0.0197 

d:5 

+15® 

0.26 

to 0.37 

0.0102 to 0.0146 

420 micron (No. 

40) 

0.42 

0.0165 

d=5 

+25® 

0.23 

to 0,33 

0.0091 to 0.0130 

350 micron (No. 

45) 

0.35 

0.0138 

=1:5 

+25® 

! 0.20 

to 0.29 

0.0079 to 0.0114 

297 micron (No. 

50) 

0.297 

0.0117 

dbS 

+25® 

0.170 to 0.253 

0.0067 to 0,0100 

250 micron (No. 

60).... 

0.250 

0.0098 

±5 

+25® 

0.149 to 0.220 

0.00.59 to 0.00S7 

210 micron (No. 

70) 

0.210 

0.0083 1 

d=S 

+25® 

0.130 to 0.187 

0,0051 to 0.0074, 

177 micron (No. 

80) 

0.177 

0.0070 

±6 

+40® 

0.114 to 0.1S4 

0.0045 to 0.0061 

149 micron (No. 

100). 

0.149 

0.0059 

d:6 

+40® 

0.096 to 0.125 

0.003S to 0.0049 

125 micron (No. 120) 

0.12S 

0.0049 

' =3:6 

+40® 

0.079 to 0.103 

0.0031 to 0,0041 

105 micron (No. 140) ......... 

0.105 

0.0041 

±6 

+40® 

0.063 to 0.087 

0.0025 to 0.0034 

S8 micron (No. 170),. 

0.088 

o.oais 

d:6 

+40® 

0.054 to 0.073 

0.0021 to 0.0029 

74 micron (No. 200) 

0.074 

0.0029 

=3=7 ■ 


1-60® 

0.045 to 0.061 

0.0018 to 0,0024 

62 micron (No. 230) 

0.062 

0.0024 

=h7 

- 

-90® 

0.039 to 0.052 

O.OOIS to 0.0020 

S3 micron (No. 270) 

0.053 

0.0021 

=3=7 


-90® 

0.035 to 0.046 

0.0014 to 0.0018 

44 micron (No. 325) 

0.044 

0.0017 

±7 


-90® 

0.031 to 0.040 

0.0012 to 0.0016 

37 micron (No, 400) 

0.037 

0.0015 

=3=7 


f90® 

0.023 to 0.035 

0.0009 to 0.0014 


The five sieves marked in the first colunm with a double asterisk {**) may be used instead of the 4-in.,^ 2-iii., 
l-in., H-m., and sieves when it is desired to have a series of sieves nesting with the Fine Series and continuing 
that series with the : 1 ratio. All of the other sieves listed above are in a ^~2 ' 1 ratio with the Fine Series within the 
limit of the specified permissible variations. Care should be taken in designatin| the five sieves marked with the dou- 
ble asterisk; they should not be designated as 4-in,, 2-in., l-in., HAn.t and ^-m., but as 4.24-in., 2.12-In., L06~in., 
0.530-iii., and 0.26S-in. (or by the manufacturer’s nominal values, for example, for the last three i.OSO-in., O.S2S-in., and 
B..Zfi3-in),- . 

" For sieves from the 1000-micron (No. 18) to the 37-micron (No. 400) size, inclusive, not more than S per cent of the 
; openings shall exceed the nominal opening by more than ©ae-haif of the pcriaissiMe :Varktion^in maximum opening. 

See Note 2,^ , 
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portions of rows of , openings exceeding 
this maximum width is iesS' than 4 in. in 
both the warp and the shoot directions-, 
considered separately , and provided- that 
the sieve is not rejected under Paragraph 
(i). 'For sieves from the 1000-micron 
(No. 18) to the 37-micron' (No. 400) size, 
inclusive, not more than 5 per cent of 
the openings shall exceed the nominal 
opening by more than one-half of the 
permissible variation in maximum open- 
ing. 

(c) Both the warp and shoot wires 
shall be crimped in such a manner that 
they will be rigid when in use. 

(d) There shall be no punctures or 
other obvious defects in the cloth. 

Note 2.— The roicron designation of the fine 
sieve series represents a strong trend among 
users of precision sieves toward the use of the 
micron terminology in reporting particle sizes, 
The openings of successive siev^ of the fine 
series progress in the ratio *>^2:1, and in se- 
lecting sieves from this series it is customary 
to take each sieve in a given range, every alter- 
nate sieve, or every fourth sieve. 

Standard S-in. Sieve Frames 

3, (a) Sieve Frames for Coarse Series . — 
Sieves of the coarse series having nominal 
openings of less than 1 in. may have 
frames of the standard 8-in. size (see 
Section 3 (6)) or may have larger 
frames as may be specified in individual 
cases. Frames for sieves of the coarse 
series having nominal openings of 1 in. 
or more may be made of either hard- 
wood or metal and may be square, 
rectangular, or circular, as specified, 
a size larger than 8-in. being recom- 
mended. Frames, covers, and pans of 
the standard 8-in. size shall be made of 
brass, unless otherwise specified. 

Note Z: Specid specifica- 

tioas do not preclude the use of special sieves 
for ' special purposes,' as for example sieves hav- 
mg a diameter other than '8 in. or the nesting 
sieves for field use.^ When such sieves are used, 
in place of . the' standard S-in. sieve, the cloth 
of the sieves should be required to conform to 


these specifications. ' .The use : of , other than 
■standard. 8-in. sieves .where .these, standard 
sieves could be used should , be, discouraged, as 
the results are not necessarily. comparable. . 

(6) Sieve Frames for Fine Series.— 
Frames for all sieves of the fine series 
shall be the standard 8-in. size, except 
that frames 3 in. in diameter' may be 
used in the case of sieves No. 100 and 
finer, used primarily in the testing of 
paint pigments. The standard frames 
shall be circular, ■ 8 in.' (20.32 cm.) in 
diameter. The height of the sieve from 
the top of the frame to the cloth shall 
be either about 2 in. (5 cm.), or 1 in. 
(2.5 cm,). Sieves having a height of 
2 in. (5 cm.) shall be designated as full- 
height sieves; those having a height of 
1 in, (2.5 cm.) as half-height sieves. 
The permissible variation on the mean 
inside diameter ^ in. below the top of 
the sieve shall be plus A* In. The bot- 
tom of the sieve or ‘^sieve skirt’’ shall 
be so constructed as to have an easy 
sliding fit in any sieve conforming to the 
above permissible variations and in no 
case shall this outside diameter be less 
than 7.970 in. nor more than 8.000 in. 
Pans and covers shall be so made as to 
be interchangeable with standard sieves. 

(c) Mounting of Cloth in Frame . — 
The cloth shall be mounted on the frame 
without distortion, looseness, or wavi- 
ness. To prevent the material being 
sieved from catching in the joint be- 
tween the cloth and the frame, the joint 
shall be smoothly filled with solder or so 
made that the material will not catch. 

Three-Inch Sieves 

4. {a) Sieves 3 in. in diameter,' used 
for testing paint pigments, shall be made 
from standard wire cloth No. 100 or 
finer. The. sieve frames shall be circu- 
lar, about '3 in. (7.6 cm.) in inside di- 
ameter, and shall not vary from this by 
more than plus or minus 0,16 in. (0.4 cm). 
The depth of the sieve from the top of 
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the frame to the cloth shall not be less 
than 0.75 in. ■ (1 .9 cm.) . 

(6) The frames shall be constructed 
of first quality sheet brass in such a 
manner as to be permanently rigid . To 
prevent the material being sieved from 
catching in the joint between the cloth 
and the frame, the joint shall be 
smoothly filled with solder or so made 
that the material will not catch. 


for standard 8- in. laboratory screens 
shall conform to the requirements spech 
fied in Section 3 for woven wire-cloth 
sieves. Frames for large' screens may 
be made of either hardwood or metal and 
may be square, rectangular, or circular, 
as specified. For screens having circu- 
lar openings 1 in. in diameter or larger, 
frames larger than 8 in. in diameter are 
recommended. 


Label Marking 

. 5, Each sieve (except the 3-in. sieve) 
shall bear a label marked with the 
following information: the designation 
of the sieve (the nominal size of the 
opening in inches for the coarse series, 
and the micron designation or the U, S. 
Standard Sieve Series Number for the 
fine series), the name of the series (for 
example, S. Standard Sieve Series,” 
^^American Standard Series,” or a spe- 
cific manufacturer’s series), the name of 
the manufacturer or responsible distrib- 
utor, and the opening in inches and 
millimeters. 

Note 4.— The requirements prescribed in 
Section 5 shall not be considered as requiring 
that the opening in inches be given twice on 
the labels for sieves of the Coarse Series, or 
that the opening in millimeters be given in 
addition to the micron designation on the labels 
for sieves of the Fine Series. 

Round-Hole Plate Screens 
(Sieves) 

Plates 

6. Plates used in the manufacture of 
round-hole screens shall be made of 
brass, bronze, steel, or other rigid metal. 
Thickness of plates shall be governed by 
size of openings as well as screening 
area of screens and shall conform to the 
requirements prescribed in Table 11. 

Type of Frame 

7. Frames for laboratory screens shall 
be at least 8 in. in diameter. Frames 


TABLE II -THICKNESS OF PLATES FOR ROUND- 
HOLE SCREENS. 


Screening 

Area, 

Diameter of Open- 

Thickness of Plate, 

in. 

sq. in. 

ing, in 

Mini- 

mum 

Maxi- 

mum 

Under 100 

All sizes 

0.049 

0.066 

100 and over 

and H 

0.049 

0.066 


^ to 2H, incl. 

0,060 

0.100 


3 and 

0.075 

0.130 


4 and 5 

0.105 

0.160 


6 and 8 

0.120 

0.175 


Spacing of Openings 

8, (a) Spacing of openings shall con- 
form to the following requirements: 


Nominal 
Diameter 
of Oj^fcning, 
in. 

i-- 

i.. 

i.. 

i-. 


Nominal Width of 
Metal Between 
Adjacent Open* 
ings, in. 


A 

i 

A 

A 


f A 

5 i 

i i 

1 i 

11.. i 

U i 

2 I 

f 

3.. ... I 

3i I 


4 

5 

6 
8 


1 

1 

1 


(b) The openings shall be so arranged 
that their centers lie at the vertices of 
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triangles which are. approximately equi- 
lateral withiH the limits given by the 
permissible variations in width of metal 
and diameter, of opening. 

Permissible Variations for Openings and 
Spacings 

9, (a) For screens having openings 
in. or less in diameter, the actual di- 
ameter of any opening shall not vary 
from the nominal diameter by more than 
plus or minus 5 per cent. 

(^) For screens having openings over 
I in. in diameter, the actual diameter of 
any opening shall not vary from the 
nominal diameter by more than plus or 
minus 3 per cent. 


(c) The width of metal /between . the, 
adjacent openings in the screen plate 
shall not vary 'from the nominal valuer 
given in Section S (a) by more than plus 
or minus 20 per cent. 

Square-Hole Plate Screens ■ 
(Sieves) 

Square-Hole Screens 

10. Where square-hole plate screens 
are specified for use, the openings 
shall be the same as the openings of 
woven wire cloth sieves, but in other 
respects, except for the arrangement 
of the openings, they shall conform to 
the requirements for round-hole screens 
specified in Sections 6 to 9. 


APPENDIX 


Method of Calibrating Woven Wire Cloth Sieves 


Al. The first test of any sieve should be to 
determine whether it conforms to the specifica- 
tions. If a suitable standard of powdered or 
granular material is available for a fineness test, 
that test is advisable as an additional means of 
calibration. Pieces of unmounted sieve cloth 
should be tested in sections of a size suitable 
for mounting in the sieve frames. In some 
cases it may be desirable to make a detailed 
systematic microscopic test of the sieve, plotting 
the frequency of occurrence of different sizes 
of openings across the sieve, rejecting, if neces- 
sary, a sieve found to have an excessive non- 
uniformity of sizes of openings for the particular 
purpose for which the sieve is to be used. 

A2. The diameters of the openings of the 
round-hole screens should be measured by 
means of an accurate steel rule or by other 
suitable means. The use of ‘‘paddle gages” 
(flat plug gages) or of tapered pin gages is 
recommended for checking these openings more 
precisely. 

A3. To determine whether a sieve conforms 
to the foregoing specifications, the apparatus 
used may be of the general type as described 
below and in the National Bureau of Standards 
Letter Circular 7^, July 26, 1922, and the test 
method may follow the procedure herein de- 
scribed: 

The apparatus consists of a light-tight box 
about 40 cm. square and 1 m. in length, 
with a microscope mounted on one end and 


a ground-glass plate 2 mm. in thickness on 
the other end.' The source of illumination is 
a microscope illuminator containing a con- 
centrated filament lamp, 6 v., 108 w., connected 
through a transformer to a 110-v. alternating 
current supply circuit. The light passes 
through a lens in the end of the illuminator 
and is focused on the objective of the micro- 
scope. After passing through the microscope 
it diverges to the ground glass plate which is 
mounted with the ground side in. A 50-cm. 
steel scale is mounted against the inner face 
of the ground-glass plate in such a way that 
the graduations of the scale may be seen through 
the glass. The position of the scale allows a 
direct reading on the edges of the image cast 
by the wire of the sieve and avoids parallax 
due to the thickness of the glass. By oiling 
the ground surface slightly, the visibility is 
greatly increased without diminishing the dis- 
tinctness of the image. 

A frame for holding the sieve is placed on a 
platform so arranged as to permit a lateral mo- 
tion of about 8 in,, and also motion at right 
angles for focusing. Long rods, extending to 
the end of the apparatus at which the observer 
is seated, enable the observer to move the sieve 
without leaifing hIS place, the lateral motion 
being aecompHshed by means of a rack and 
pinion and the focusing by the use of beveled 
gears. If the frame were also provided with a 
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veiiical motion j ; the of the apparatus 

■would ■ l» Increased. ■ A green glass ■ filter is 
placed between the lamp and the condensing 
lens. The , filter reHeves eye strain very con- 
siderably and practically eliminates the color 
bands otherwise appearing on the edges of .the 
image. ^ 

In use, the sieve is mounted in its holder on 
the focusing platform, between the illuminator 
and the ' objective, of the microscope, and is 
focused by the observer until a sharp image is 
seen on the , ground glass. Measurements are 
■ then' taken in miliimeters by reading the posi- 
tions on the ' steel scale where the two edges 
of the image of the wire cross it, a reading glass 
being sometimes used. The sieve is then 
moved across the field, readings being taken at 
several places on the cloth, until the whole 
diameter of the sieve has been traversed, care 
being taken at the same time to watch for the 
uniformity of spacing and to measure any ex- 
cessively large openings. The sieve is then 
rotated through 90 deg. and the process re- 
peated. 

The magnification of the apparatus may be 
determined by means of a calibrated stage 
micrometer. 

By using a microscope having a tube about 
15 cm. long and an eyepiece with a magnifying 
power of approximately eight diameters, to- 
gether with a 16-mm. objective, a magnification 
of about 250 diameters is obtained. 

The National Bureau of Standards has found 
by experience that in testing sieves for con- 
formity to standard specifications, • the most 
reliable results are obtained by measuring the 
wire diameters and determining the number of 
wires per centimeter, and then computing the 
average opening. From five to ten wires, 
sometimes more, are measured depending upon 
the uniformity of diameter of the wire, the close- 
ness of the measurements of the cloth to the 
hmits permitted by the permissible variations, 
and the experience of the observer. Four 
measurements are made on each wire. Large 
openings are measured at the same time. 

Magnifications found suitable and convenient 
at the National Bureau of Standards are: 


Sieves Magnifi- 

cations 

SfO micron (No. 30) and coarser ........... 45 

5(K) to 2S0 micron (Nos. 3S to 60), incL. . . 90 
210 to 37 micron (Nos. 70 to 400), incl.. . , 250 


Qreater magnifications would be feasible if the 
distance from the microscope to the ground* 
glass plate were increased, provided the optical 
parts of the microscope were of sufficient quality. 

In making aE measurementt. ■ the readings 


of the steel 'scale are estimated and recorded 

to 0.1 mm. 

The most generally used method of determin- 
ing the mesh of the sieve is by means of what is 
sometimes known as *‘pkket-fenc€ interference/- 
also the '“moire effect.” For the No. 200 sieve, 
a glass scale is accurately graduated with 200 
lines to the inch, the opaque lines being about 
equal in width to the space between, the lines. 
The exact number of lines per unit length is 
immaterial, however, provided the graduation 
is uniform and the exact number per unit length 
is known. When a scale such as this is laid on t 
piece of woven wire cloth having a mesh per unit 
length approximating the number of lines per 
unit length on the scale, and a strong light is 
placed beneath, dark bands will appear which in 
a unit length are equal in number to the difference 
between the mesh of the cloth and the gradua- 
tion of the scale. If the scale is moved length- 



Fig. 1 — Method of Selecting Openings for 
Plotting of Different Sizes of Openings (see Para- 
graph A4). 

Only the indicated openings are measured. 

wise, in a direction perpendicular to the lines, 
the dark bands will also move. If these bands 
move in the same direction as the motion of the 
scale, the mesh of the sieve is less, if the motion 
is in the opposite direction, the mesh is greater 
than the number of lines on the scale. If some 
bands move in one direction and some in the 
other, the number moving in each direction 
must be counted , separately, and the .algebraic 
sum taken as the number of , bands. For sieves 
840 micron (No. 20) to 210 micron (No. 70), 
inclusive, ■ the best results are obtained with a 
transparent line about the width of a wire 
diameter ruled on an opaque background. For 
sieves coarser thaa .these it is usually necessary 
to count, the fringes by .the aid of a,. hand lens 
using a steel ; scale as the standard. , Scales 
should be calibrated before being used in testing 
sieves. 

The limiting values for average opening and, 
for ■ maximum opening arc iound by multiplying 
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the BOiniinal values in ' colmim '2 of Table I 
by the permissible , variations espressed Ib per 
cenl (columns 4 and 5 of' Table I)— considered 
as exact figures followed by zeros., after the 
decimal point—and rounding oS the result to 
the same number of decimal places as given in 
column, 2 of Table I, 

A4. If it is desired to plot the frequency of 
occurrence of different sizes of openings across 
the sieve, 100 openings in the sieve should be 
measured .in a diagonal direction across the 
sieve, then 100 openings are measured in a 
diagonal direction at right angles to the first. 
Six fields axe chosen in each direction, .and in any 


one field the diagonal method .of measurcmcait is 
used a.s illustrated In Fig. 1. 

: Each opening is measured between the, warp 
wires and also bet'ween the shoot, wires; the 
warp readings and the shoot readings are sepa- 
rately tabulated and plotted. 

A5. The National Bureau of Standards ac- 
cepts sieves for test to determine conformity to 
specifications. 

A6. Glass scales such as are described above 
may be obtained from; Bausch & Lomb Optical 
Co., Rochester, N. Y.,. and Keuffel & Esser Co., 
Hoboken, N. J. 


Peesentation of Data 


A7. Sieve tests should be presented in 
tabular or grapliical form in terms of the nominal 
sieve opening and the percentage by freight. 
For purposes of comparison the cumulative 
percentage undersize wiU be accepted as stand- 
ard. This does not preclude the representation 
of percentages on individual sieves, provided 
the sieve .interval is clearly specified as plus 
one sieve number and minus another, or as 
between two sieve apertures. Graphical repre- 


sentation may include the use of logarithmic 
scales, probability paper, etc,, to emphasize 
specific characteristics of shape. 

AS. The presentation of data for round-hole 
screens should follow the same general proce- 
dure as tliat specified in Paragraph A7 of this 
Appendix for square apertures, but in all cases 
the term diameter should be applied to the 
size of the opening. 
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Standard Methods oj 

VERIFICATION OF TESTING MACHINES* 



A.S,T.M. Designation: E4 -36 

Adopted, 1936 * 

Reapproved in 1942 Without Change. 

This Standard of the American Society for Testmg Materials is issued under 
the fixed designation E 4; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the verification of testing machines 
by means of standard calibrating devices. 

Definitions 

Definitions 

2. {a) Testing Machine , — A mechani- 
cal device for applying a load (force) to 
a specimen, 

NoTE,~™-XJsually the magnitude of the load 
can be changed at the will of the operator. 
Many testing machines are arranged to measure 
the load, but this is not always the case, espe- 
cially with impact machines and machines for 
testing ductility. 

(J) Accurate^T-K testing machine is 
said to be accurate if the indicated load 
is within the specified permissible varia- 
tion from the actual load. 

Note.— T he word ‘‘accurate” applied to a 
testmg machine shall be used without numerical 
values, for example, “An accurate testing ma- 
chine M'as used for the investigation.” 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M 
Commiuee E-l on Methods of Testmg. 

® Prior to their present adoption as standard, these 
methods were published as tentative from 1923 to 1924, 
being revised in 1924. They were adopted in 1924, but 
withdrawn and republished as tentative from 1933 to 1936, 
being revised in 1934, 1935, and 1936. Editorially revisea 
and rearranged in 1939. 


The accuracy of a testing machine should 
not be confused with sensitiveness. For ex- 
ample, a testing machine might be very sensi- 
tive, that is, it might indicate quickly and 
definitely small changes in the load, but, never- 
theless, be very inaccurate. On the other hand, 
the accuracy of the results is, in general, limited 
by the sensitivity. 

(c) Error , — In the case of a testing 
machine, the value obtained by sub- 
tracting the correct value of the quantity 
measured (usually load) from the indi- 
cated value as given by the testmg 
machine. 

Note. — The error may be positive or nega- 
tive. 

The word “error” shall be used with nu- 
merical values, for example, “At a load of 30,000 
lb. the error of the testing machine was 15 lb.*' 

{d) Percentage of Error , — In the case 
of a testing machine, the ratio, expressed 
as a percentage, of the error to the cor- 
rect value of the quantity measured, 

(e) In the case of a tesD 

ing machine, the value obtained by 
subtracting the indicated value from the 
correct value of the quantity measured. 

Note, — The correction has the same magni- 
tude as the error but the opposite sign. It is 
recommended that, except for special cases, no 
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corrections be used ■ on machines tested and 
found to have errors . within , the permissible ' 
variations given in these methods. 

(J) Permissihh Variaiion. — In the 
case of a testing machine, the maximum 
allowable error in the value of the 
.quantity indicated. 

Note. — I t is convenient to express permis- 
sible variation in terms of percentage of error. 
The numerical value of the permissible variation 
for a testing machine is so stated hereafter in 
these methods. 

(g) Loading' Range, — The loading 
range of a testing machine or of an 
apparatus for calibrating a testing ma- 
chine is the range of indicated loads for 
which the testing machine or the cali- 
brating apparatus gives results within 
permissible variations specified. 

{h) Elastic Calibration Device, — An 
elastic calibration device for use in 
verifying the load readings of a testing 
machine consists of an elastic member to 
which loads may be applied combined 
with a mechanism for indicating the 
magnitude of deformation under load. 

Methods for Verifying Testing 

Machines that Measure Load 

Advantages and Limitations of Different 

Methods 

3. Four methods of verifying testing 
machines are listed in this standard, as 
foEows,: 

(a) Verification hy Standard Weights. 
—Verification by the direct application 
of standard weights to the weighing 
mechanism of the testing machine, 
where practicable, is the most accurate 
method. Its limitations are (i) the 
small range of load which can be covered, 
(Z) the nonportability of any large 
amount of standard weights, and (J) its 
nonapplicability to horizontal testing 
machines or to vertical testing machines 
whose weighing mechanisms are attached 
to their upper platens. 


(5) Verification by Proving Levers , — 
Verification by the use of standardked 
proving levers loaded with standard 
weights ranks second in accuracy. ' Its 
limitations are (i) the fact that the 
range of load possible with proving 
levers, while greater than with standard 
weights, is not great enough to cover the 
capacity range of large testing machines, 
and (Z) the inconvenience of transporta- 
tion . of proving levers and standard 
weights for verifying large testing 
machines. 

(c) Verification by Elastic Calibra- 
tion Device, — Verification by the use of 
an elastic calibration device ranks third 
in accuracy. It is free from the limita- 
tions of the methods referred to in 
Paragraphs (a) and (&). 

(d) Verification by Comparison 
Method. — Verification by a comparison 
of the tensile strength of test specimens 
(■^companion specimens’’) cut from the 
same piece of metal, is distinctly less 
accurate than the three methods referred 
to in Paragraphs (a), (5), and (r), and 
should be used only when none of the 
other methods are available. If the 
results of a verification test by the com- 
parison method fail to agree with the 
results of a verification test by any of 
the other three methods, the results 
given by the comparison method shall 
be discarded. 

Method of Applying Load 

4. In the verification of a testing 
machine, the loads shall be applied in 
ascending order. 

Note.— For any testing machine (particu- 
larly for certain types of machines in which the 
load-indicating device is actuated by a Bourdon 
pressure tube, a hydraulic (or steam-engine) 
indicator, or other device depending on the 
elastic properties of a material, or for machines 
in which the load is measured by measuring the 
pressure in a hydraulic jack), the errors ob- 
served at corresponding loads taken first by in- 
creasing the load to the test load and then by 
decreasing it to the test load may not agree. 
Toting machines are usiially used under in- 
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crcafing loads, Wt if a testing nmcMne Is to be ■ 
lised. under,, decreasisg loads It. should be cali- 
brated under decreasing loads as well as uii.d.er 
incieasing loads. 

Selectioii of Test Toads 

^5. For any loading range,. the testing 
maohine shall be verified "by at least five 
test loads (except for testing machines 
designed to measure' only a smaller 
number of definite loads, such as certain 
hardness testing machines), ' The differ- 
ence between any two successive test 
loads shall not exceed one-third of the 


along the axis of the testing machine 
as is possible. 

Note. — The effect of eccentric load on the 
accuracy of a testing macMnc may be deter- 
mined. by calibration readings taken with 
proving levers or an elastic calibration device 
placed so that the resultant load is applied at 
definite distances from the axis of the machine, 
and the loading range determined for a , series 
of eccentricities. In the case of testing ma- 
chines in which the load reading depends on the 
hydrostatic pressure in a cylinder fitted with a 
piston, the effect of eccentricity of loading is 
most serious when the piston is at the extreme 
outward position aEowabie. 


Cross-- head of lesiing Machine 



Fig. 1. — Proving Levers. 


difference between the maximum and 
minimum test loads. 

■ Note. — k testing machine may have more 
than 0 :ne loading range. For instance, a 
100,Q004b. capacity testing machine may have 
one loading range from 5000 ib. to 40,000 lb. 
and a second loading range from 55,000 lb. to 
100,000 ib. Section 4 requires that the machine 
must be verified by at least five test loads 
between 5000 ib. and 40,000 ib. and also that the 
machine must be verified by at least five test 
loads between 55,000 lb. and 100,000 lb. 

Eccentric Loading 

6. For the purpose of determining the 
loading range of a testing machine, all 
calibration loads shall be applied so that 
the resultant load shall be as nearly 


Verification by Standard Weights 
Procedure 

7. Standard metal weights of suitable 
design, finish, and adjustment shall be 
placed on the weighing platform of, the 
testing machine or upon trays or other 
supports suspended ' from the load- 
measuring mechanism, ,in^, place of; the 
specimen. The weights shall be applied 
in iiicrem.ents and removed m .the,' re- 
verse orden They shall be arranged 
symmetrically- with respect,, to the weigh- 
ing platform, so- that' the center of grav- 
ity of the load lies in .the vertical line 
through the' : center, of' the ' platform; 
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The applied load and the indicated load 
.shall , be recorded for each test load 
applied j and the error calculated from 
these. data* .; 

Note. — The method of verification by 
standard, .weights can be used only on vertical 
testing machines. The total load is limited by 
the size of' the platform and the number of 
'weights available. Often 20 weights of 50 . lb. 
each are used, a total of 1000 lb. 

This method of verification is seldom used 
for any but smaH testing machines, as the 
loading range does not include the loads ' for 
which large machines are used. 

Verificatim by Standardized Proving 
Levers 

Levers 

8. {a) The arrangement of proving 
levers for verifying testing machines is 
shown in Fig. 1. The'two levers rest on 
supports on the weighing platform of 
the testing machine. These supports 
shall move easily in a horizontal direc- 
tion, which insures that the forces at 
each, of the .knife edges shall be very 
nearly vertical The inner knife edges 
in each lever bear against a suitable 
block in the movable head of the testing 
machine. Weight trays or hangers are 
suspended from each of the outer knife 
edges and these trays or hangers are 
loaded with standard weights. The 
increment of ' load put on the testing 
machine by the standard weights is- the 
amount of standard weights multiplied 
by, the lever ratio m/n, Fig, 1. 

The' knife edges, as well as their 
supports, shall be of hardened tool steel. 
The knife edges shall be ground sharp 
to an angle of 90 deg. The load on any 
knife edge shall not ezeeed 7000 lb. per 
iinear inch. ' The edges in 

each lever shall be parallel, and their 
edges shall lie in ' a plane. Each lever 
shal have machined surfaces, in this .or 
in' some parallel plane, upon which a 
spirit level.' can be placed'., : 


Verificatioa -of 'Lvwnm 

9* The lever ratio of a proving lever 
shall be determined'by: the use of at least 
three test loads; the amount of weights^ 
used shall not be less than the maximum, 
load applied upon on,e of the arms , of : a 
lever in. using the levers to verify testing 
machines. The proving lever ' shall be 
balanced over its center knife edge with 
suitable weight trays suspended from the' 
end knife edges. Standard ' weights shall 
then- be applied to the trays in . three 
steps, corresponding approximately to 
50, 75, and' 100 per cent of the weights 
available, and the proving lever .shall 
then be brought to a balance by the use 
of small weights and by observations of 
the freely swinging proving lever. From 
the weights in the two weight trays the 
lever ratio shall be calculated. 

Procedure 

10. The proving levers shall be placed 
symmetrically in the testing machine 
to be verified, and both levers shall be 
brought as near to a horizontal position 
as is feasible, after applying each incre- 
ment of load, by means of the movable 
head of the testing machine. The test- 
ing machine shall be balanced with the 
levers in place and the weight trays 
empty. Standard weights shall be ap- 
plied (or removed) in increments, half 
an increment in (or from) each tray. 
The weights shall be placed symmetri- 
cally on the weight trays, with the center 
of gravity of the weights over the center 
of the tray. The applied load and the 
indicated load shall be recorded for each 
test load applied, and the error calcu- 
lated from these data. 

Note. — ^The use of standardized proving 
levers on 'horizontal testing machines involves 
the use of - bell crank ' levers. They require 
special methods of determination of lever ratio, 
which have not yet been codified in A.S.T.M. 
standards. Proving levers for vertical testing 
machines are now available up' to 50, 000-lb. 
capacity. , 
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Verifiaitwn hy :Mmms of on Mastic 
CMiimtion.Dmdci^- , 

• DesigE &nd WorkmansMp . 

11. An elastic, ' calibration device 
should be so designed and constructed 
that its ■ accuracy is not in danger of 
being impaired by handling, shipping, 
or ordinary use, and so that parts sub- 

. ject to damage, replacement, or removal 
for storage and shipment can be replaced 
without impairing the accuracy of the 
device. 

Note. — This section is nonquantitative in 
its requirements. It is placed in the method 
for the purpose of calling attention to the fact 
that an elastic calibration device, if improperly 
designed and constructed, may, like any other 
delicate measuring instrument, be damaged and 
rendered inaccurate by handling and shipping. 

Shackles and Bearing Blocks 

12. An elastic calibration device shall 
be provided with shackles, bearing 
blocks, or any other necessary fixtures 
through which the load is to be applied 
to the calibration device. All such 
fixtures should be so designed and con- 
structed that when placed in a testing 
machine in reasonably good condition 
there shall be no variation of reading 
in excess of permissible variations, due 
to imperfections in the bearing blocks 
or in the motion of the head of the 
testing machine. 

Note. — This section is nonquantitative in 
its requirements. It is placed in the method for 
the purpose of calling attention to the fact that 
poorly designed loading fixtures can render 
inaccurate the readings of an elastic calibration 
device. 

Graduation of Scale 

13. (a) The scale of the indicating 
mechanism shall be uniformly graduated. 
The distance between any two gradua- 


*The term “calibration device" shall be interpreted 
to include solid bars, hollow bars, elastic loops, and other 
members whose elastic deformation can be measured. 


tion lines, dots, or other dividing marks 
(or between their images, if a viewing 
system with a. definite optical magni- 
fication' is used), shall be not. less than 

0.035 m. 

(b) The difference between the posi- 
tion of any graduation line and its correct 
position on the scale shall not exceed 
one twentieth of the distance between 
two adjacent graduation lines. For 
scales on a circular dial, when successive 
lines are set to one fixed index line, the 
positions of successive graduation lines 
nearly diametrically opposite, referred 
to another fixed index line shall differ 
from each other by (i) not more than 5 
per cent of the smallest division of the 
dial, or (2) not more than 0.1 per cent 
of the minimum load in the loading range 
of the instrument, if (2) be larger 
than (i). 

(c) The change of load necessary to 
cause a relative movement of 0.1 in. 
between the index line and the scale (or 
its image if a viewing system with a 
definite optical magnification is used) 
shall not exceed 1 per cent of the capacity 
load of the instrument. 

Label Showing Manufacturer, Number, 

and Capacity 

14. The manufacturer’s name, the 
capacity load, and the serial number of 
the device shall be legibly marked on 
some part of the instrument. 

Temperature EquaHzatioii 

15. When ' using an elastic calibration 
device to verify the load readings of a 
testing machine, the device should be 
placed near, or preferably in, the testing 
machine a sufficient length of time before 
the test so that the device and the test- 
ing machine shall be at wery nearly /the- 
same temperature. 
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, ©f Smal Tenaperatiire 
, Effec.ts Due to Stress 

16^ To' minimize errors due to tem- 
pe,ratiire .effect of stress, and pseudo- 
elastic action, tlie time schedule followed 
when verifying an elastic device which 
is loaded. in axial tension or compression 
shaE be. reported ; and, the same time 
schedule, within, limits stated in the re- 
port, shal be followed 'when using the 
device to calibrate a testing machine. 

Fri.m,ary .StaEdard,s. for Elastic Calibra- 
, ,ttoii Devices ' , ,' 

,.17., (a) For loads not exceeding 
100,0001b.., an. elastic oalibratioii device 
shall . itself be calibrated by applying 
dead, weights known to be accurate with- 
in 0.02 per cent. ^ 

, (b) For ioads^ exceedi.ng 100,000-. ’lb., 
,a,E elastic calibration device ,may ,be cali- 
brated; , by another elastic, calibration 
device or by , a , combioation. of several 
elastic calibration devices, .or by proving 
levers^ aB.d dead weights. . In this case 
the calibrating load, applied shall be 
known to be accurate .within 0.1 per cent. 

Preliminary Cyclic Loading 

■ 18. Before .taking readings for the 
formal verification of an elastic calibra.- 
,tion device by means of dead weights or 
other , primary , standards,, .the device 
shall, be .subjected to a series of xyclic 
'loads va,ryin.g from a minimum ; load 
not greater than 2 per cent of the capac- 
ity load of the device to ^ a maximum 
load, ii,ot less .than 5 per cent-, nor more 
than 10 per ce,nt .above ,„the nominal, 
capacity load. 

Routine .in Calibration .of Elastic CaH- 

.feration Device 

19. For - .any range of '.test loading 
which may be a.p,pii€d ' in ■,cal.ib.ratmg-an 
elastic calibration device, '. there , .shall 'be 

« The term ‘'proving levers” is no.t to be interp,reted as 
allowing the use of the lever system of a. compound lever 
testing machine or of a platform , scale as a , part , of a. pri- 
mary standard.' .' 
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applied at least eight test loads, and the 

■ difference between any two successive 
test loads shall not exceed one-fifth of 
the difference between the minimum and. 
the maximum .test loads. The series of 
test loads sh,ali be applied to the elastic 
calibration device at least three times, 
and the shack,ies ;,or. bearing blocks shall 
■be readjusted befo.re each ^ application of 
a series of loads. ' 

'Note.— li. the magnitude, of deformation of 
the elastic calibration device is measured with a 
self-indicating dial micrometer or dial indicator, 

' the elastic calibration device shall be used only 
at'; the test , loads for which it has itself been 
.'■calibrated by comparison with a primary stand- 
.'ard. ■ It shall' be; ".used only when the deforma- 
tion. measuring appa.ratus is so adjusted that 
the ' no-load, rc,adi.ng of the device, is nearly equal 
■■to -'the no-load reading observed during ', the 

■ calibration, of the elastic calibration' device. . . 

PermissiMe ■¥ariatioiis for 'Elastic Cali- 
' bratloii Device ■ 

,'20. (a) For ordinary use, the. loading 
.range of , an elastic calibration 'device 
shall be that range of load within which 
any reading under an applied load shaE 
not differ from the average of at least 
three read,mgs under the s.ame load by 
more .than one-fifth of 1 per. cent,^. , 

(b) The report of the , verification of 
the elastic calibration device .shall also 
s-tate the „ loading range , within.' which, 
■no reading varies from the average of at 
least three readings under the same load 
by more than one- tenth of 1 per cent. 
This . range shall be designated as the 
Precision Loading Range for the device. 

Temperature' Correction for Elastic, 

^ Calibration . D e vice 
2L In using an elastic calibration de- 
vice made of steel with not more than 
5- per cent of , alloying elements, a fairly; 
accurate; oorrection for variation in 
temperature may be made on the basis 

■■■* TMs means that tbe rej^rt of a sjiandardizmg labora-' 
tory oa an elastic calibration device will state mikin 
what h-admg it may be used, rather than reporting: a 
blanket acceptance or rejection of the device. This 
follows the practice , recommended for testing machines. 
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tliat the modulus of : elasticity in tension 
or compression ,, (or flexure) diminishes 
by 0.015 per cent for each degree Fahren- 
heit Increase in temperature. For other 
metals,, if . the. change in the modulus of 
elasticity 'with temperature is known, a 
correction ■ for temperature .should be 
applied' to the readings of the instrument. 
During any calibration of a testing 
machine with an elastic calibration de? 
vice, or during the calibration of the 
device itself, temperature shall be kept 
as uniform as possible.® ■ 

Verification hy Companion Specimen 
Method 

Description of Comparison Method 

22. When the direct method of veri- 
fication of a testing machine cannot be 
carried out (as is the case at present 
with horizontal testing machines, for 
example), or when an elastic calibration 
device is not available, a comparison 
method of verification may be used. In 
this method the machine to be verified 
is tested by comparing its indications 
with the corresponding readings ob- 
tained under the same conditions by the 
use of another testing machine, especially 
tested and verified, as specified in Sec- 
tion 23, The method of verification by 
comparison shall be carried out by the 
use of a series of companion specimens, 
half of which are to be tested in tension 
in the machine to be verified, and half 
of which are to be tested in tension in the 
especially verified testing machine which 
serves as a standard machine. The 
general provisions respecting the appli- 
cation of the test loads and the loading 
range which are outlined in the direct 
method of verifying testing machines 
(Sections 4, 5, and 6) shall apply to the 
verification of testing machines by the 

^ ® Similar errors due to change of modulus of elasticity 
with temperature may be present in the load-indicating 
mechanism of a testing machine using a Bourdon gage or 
other device dependent on the elastic deformation of a 
member. 


comparison method, so. far as. is ..prac- 
ticable. 

Requirements for ' Testiiig MacMnei 

Used for Verifying Other Machines 

23. (a) k testing machine which is to 
be used as the standard for verifying 
other testing machines shall itself be 
verified by a special test, in which the 
verification is carried out twice. The 
loading range shall be determined by the 
permissible variation of plus or minus 
1 per cent {Section 27), For the'ioading 
range established, the differences in' 
indications found in the two tests of the 
standard machine shall not exceed 0.25 
per cent. 

(6) In verifying testing machines by 
the companion specimen method, correc- 
tions shall be applied to the indications 
of the standard machine and these 
corrections shall be based on the average 

n l3 W Is Is 17 ^ 1 

{«) Method of Numbering Specimeai. 

/' Pad/us not less than ^ 

' ^ ^ thoug h Turn ^ ^ 

1 . 1} , ij 

8d^ 

W Form of Test Specimen. 

Fig. 2. — Companion Specimen. 

correction obtained in the two tests 
used in its verification. 

Test Specimens 

24. (a) For each test, load, eight or 
more tension . test specimens shall be 
cut from soft-rolled or drawn steel and 
numbered consecutively, as in Fig. 2 (a), 

(5) The. tensile strength ^ of ' the' steel 
shall be ' determined by a preliminary 
test and the sets of . specimens for . the 
comparison' test shall.have. such, nominal 
cross-sectional; areas as will, give, ■ap- 
proximately, the loads required. The 
form of the specimen' shall be: as shown 
in Fig. 2 (6), The ends may be threaded 
or otherwise machined to fit holders, 
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but it is recommended that those speci- 
mens shipped: to another laboratory be 
left ^ with cylindrical ends. The actual 
value of “d” (Fig. ,2 (5)) for each speci- 
men shal be, determined by means of a 
.micrometer. 

Note. — It should be noted that the standard 
tension test specime,nj 0.5 in. in diameter and 
having a 24n. gage length, satisfies the require- 
ments for a specimen for the, ve,rification of a 
testing machine by ■ the comparison method. 
See Fig. 3 of the Standard Methods of Ten- 
sion Testing oi Metallic Materials (A.S.T.M. 
Designation: ES) of the American Society for 
Testing Materials.’ 

Procedure 

25. (a) The specimens having odd 
numbers shall be tested in the machine 
to be verified, and those having even 
numbers shall be tested in the standard 
testing machine. The tensile strength 
only shall be determined. 

(b) The speed of the testing machine, 
by which is meant the speed of the 
pulling head when the machine is run- 
ning idle with no specimen in the 
machine, when testing verification speci- 
mens shall be approximately the same 
for , both the standard testing machine 
and the machine being verified. The 
speed shall be the slowest speed that can 
be obtained on both machines; in any 
case the speed shaU not exceed 1 in. per 
min. per inch of diameter of companion 
specimen, 

(c) When testing companion speci- 
mens, especial care shaE be taken to 
maintain the, weighing beam of the test- 
ing machine in equEibrium as the tensile 
strength of the specimen is approached. 
It is recommended that a mark be 
placed... at the middle of the trig loop, 
and , that ,a. pointer be placed on the 
beam for verffication tests, and that, the 
pointer be kept as nearly on the mark 
as possible. 


^ 1946 Book of A,S.T.M. Standards, Parts I-A.andl-B. 


Calciilatloii, of Irror 

26., (df) The average tensie strength 
(in pounds per square Inch) : of ,■ the odd- 
numbered specimens, multiplied by the 
nominal area of cross-section,j\shal be, 
considered a measure of the ■ indicated 
load, and the ave,rage tensile strength; of 
the even-numbered, specimens, , multi- 
plied by the nominal area of. cross-sec-,, 
tion, shall be considered a measure of 
the applied load. ' The error shall be 
calculated from these data. 

. (6)' If the tensile strength (in pounds 
per square inch) of any companion 
specimen varies more than i per cent 
from the mean of the group with which, it 
is tested, its tensile strength shall not 
be used in calculating the error of the 
testing machine. If more than one 
specimen in the odd-numbered group or 
more than one specimen in the even- 
numbered group exceeds the permissible 
variation in tensile strength, all the 
specimens shall be discarded and another 
set prepared.- 

Permissible Variations for Testing 
Machines teat Measure Load 

PermlssiMe Variation Within Loading 

Range of a Testing Machine 

27. The error for loads within the 
loading range of a testing machine sha.B 
not exceed i per cent (Notes 1 and 2). 

Note L*— TMs means that the report of the 
verification of a testing machine wiE state 
uitkin what loading range ■ it tnay be used^. rather 
than reporting a blan.ket acceptance or rejection 
of the machine. 

■ Note 2. — In no case shall the loading range, 
be stated as including loads below ■ a value 
which is 100 times the smallest load, which can 
be read on the testin,g machine. (This .means 
that if a testing machine had graduations' so 
spaced that it can be read to within division 
and the machine is sensitive to iV division it 
wouid be possible , for the loading range to 
extend down to the load corresponding to 10 
divisions.' On the ■ other ,haiidj ' if the testing, 
machine was sensitive .to, only 2 divisions, the. 
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loading range could not extend below tbe load 
corresponding to 200 divisions.) , . 

Corrections 

28, Tbe indicated load of a testing 
machine shall not be corrected either by 
caiculation or by the use of a calibration 
diagram to obtain values within the 
required permissible variation. 

Time Interval Between 

VERIEI CATIONS 

Time' Interval Between Verifications . 

29. It is recommended that testing 
machines, when in constant use, be veri- 
fied at intervals of 6 months and, when 
used intermittently, at intervals of 2 or 
3 yr. Testing machines shall, however, 
be verified immediately after making 
repairs or adjustments of the weighing 
mechanism, after the testing machine 
has been moved (this does not apply to 
portable testing machines), and when- 
ever there is reason to doubt the accu- 
racy of the results, without regard to 
the time interval since the last veri- 
fication. 


Reports and Certificates 
Reports 

30. A clear and complete report shall 
be prepared of each verification of a 
testing machine. This report shall state 
the method of verification ' used, and 
shall give , the serial numbers and the 
names of manufacturers of all apparatus 
used ' in carrying out the verification. 
It shall state how, by whom, and when 
the calibration of the apparatus used in 
verifying the testing machine was made, 
the loading range, the “precision” load- 
ing range of the calibration apparatus, 
and the loading range of the testing 
machine. 

Certificates 

31. A certificate giving the manu- 
facturer's serial number and a brief 
description of the testing machine, the 
manufacturer's name, the date of veri- 
fication, and the loading range shall be 
signed by the person responsible for the 
maintenance of the testing machine, 
and this certificate shall be posted in 
plain view of a person operating the 
testing machine. 


Standard Definitions of 
TERMS RELATING TO METHODS OF TESTING* 



A,S.T.M. Designation: E 6 -36 
Adopted, 1930; Revised, 1936.® 

This Standard of the Amerkan Society for Testing Materials is issued under 
the fixed designation E 6; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Stress. — The intensity (measured per unit 
area) of the internal distributed forces or 
components of force which resist a change 
in the form of a body. Stress is measured 
in force per unit area (pounds per square 
inch, kilograms per square millimeter, 
etc.). 

Note. — In examining the definitions given 
in various authoritative textbooks two defini- 
tions of the term “stress” were found. Text- 
books in physics and some European text- 
books in mechanics of materials gave a 
definition substantially as above. American 
textbooks in engineering mechanics define 
stress as & force j measured in pounds. They 
call the intensity of force (pounds per square 
inch) “unit stress,” ^‘intensity of stress,” or 
“fiber stress.” This use of the term stress 
is illustrated by the “stress sheet” of the 
bridge engineer which gives forces, measured 
. .in pounds. 

In view of the fact that even in engineering 
textbooks the term “stress” is often used to 
denote intensity of force per unit of area, and 
in view of the fact that the physicists’ 
definitions involve somewhat simpler terms, 
the physicists’ definitions have been followed 
in these standards. ' 

While it is important to have a clear defini- 


1 Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee E-1 on Methods of Testing. 

* Prior to adoption as standard, these definitions were 
published as tentative from 1923 to 1930, being revised 
in 1924 and 1925. Editorially revised in 1946. 


tion for the term “stress” it is even more 
important to keep clearly in mind the un^ 
used in calculations and test data for materi- 
als of construction. In fact, if the units 
are always given, there can be no misunder- 
standing as to the sense in which the term 
“stress” is used. 

There are three kinds of stress: tensile, 
compressive, and shearing. Flexure involves 
the combination of tensile stress and com- 
pressive stress. Torsion involves shearing 
stress. 

It is customary to calculate stress on the 
basis of the original dimensions of the cross- 
section of the body. 

Strain. — ^The change per unit of length in a 
linear dimension of a body, which change 
accompanies a stress. Strain is measured 
in inches per inch of length (millimeters 
per millimeter) or in per cent. 

Note*— I n some American engineering 
textbooks the term “strain” is used in the 
sense of total deformation and is measured in 
inches. Change of dimension per unit 
length is called “unit strain,” or “unit de- 
formation.” As in the consideration of the 
term “stress,” the definitions given in text- 
books in physics have been followed. 

Under tensile stress or compressive stress, 
strain is measured along the dimension under 
consideration. Shearing strain is measured 
at right angles to the dimension under con- 
sideration. In torsion tests, which involve 
. shearing stress, , it 'is, customary to, measure 
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the angle of ' twisty wMcIi may be traaslated 
into terms of, strain. 

Streis* Strain Diagram, A diagram plotted 
with values of. stress as ordinates and 
values of strain as ^abscissas. 

" Note.— T he use of ' the term stress-strain 
■ diagram .'Is frequently , extended to cover 
diagrams plotted with values of applied load, 
or applied mome,nt as ordinates, and with 
values, of stretch, compression, deflection, or 
twist as abscissas. 

Fig. 1 is an 'example of a stress-strain 
diagram. 

Stress-strain diagrams are In some cases 
drawn directly by an autographic attach- 
ment to the testing machine. A more usual 
method of procedure consists in taking a series 
of load readings (from the weighing mechan- 
ism of the testing machine) with correspond- 
ing readings of the strain-indicating apparatus 
(extensometer, compressometer,defiectometer, 
or torsion indicator). The term “strainom- 



Fig. i .— a Typical Stress-Strain Diagram with 
Elastic Strains Exaggerated. 

eter reading’^ will be used to denote the 
reading of any strain-measuring instrument. 
From these readings, or from values cal- 
* ciliated from them, there is plotted a diagram 
with stress-indicating values (load, flexural 
moment, twisting moment, or stress) as 
ordinates, and strain-indicating values (elon- 
gation, shortening, deflection, twist, or 
strain) as abscissas. In planning such a test 
it is necessary to decide on the increment of 
load or the increment of reading of strainom- 
eter to be used between successive readings. 

In Fig. 2 are shown three typical stress- 
strain diagrams. The material for all three 
tests is the same, and' the test specimens, are 
all of the same size, so that the diagrams 
should be the same. The diagram shown in 
Fig. 2 (a) is plotted from points determined 
by taking increments of load (5). In this 
diagram it is seen that owing to the shape of 
the curve, data for locating points betweoi 
M and N are lacking. That particular 
portion of the curve (the “knee” of the curve) 


is the part for which it, is especially desimbk 
■ to locate several poin,ts o,n the diagram. , 

In Fig.. 2. (^) is' shown a diagram p,l„otted 
from points detemi.med by ta'king increments 
of stramometer reading (e). It w,il,l be noted 
that for this diagram t.here are located several 
points near the knee of the curve, and the 
, shape of the diagram in this important .region 
is .much more definitely determined than .for 
the curve shown in Fig. 2 (a), 

■ The custom of clioosmg .increments of load 
rather than increments' of strainometer 
reading is quite common in tests of materials 
and is followed because, in general, it Is 
easier to calculate increments of load than it 
is to calculate increments' of strainometer 
reading. An estimate of the load necessary 
to stress the specimen up to the knee of the 
curve is made and some fraction (frequently 
one-tenth) of this value is taken as an incre- 
ment. The calculation of the corresponding 
increment of strainometer reading is more 
complicated. 

Sometimes the practice is followed of 
applying a few increments of load as deter- 
mined above, and then applying load in much 
smaller increments (50 until the knee of 
the curve is passed. Fig. 2 (c) shows a 
diagram obtained in this manner. This 
method involves a marked increase in the 
number of readings necessary for a test and 
with unknown material there is always some 
danger that the knee of the curve wiU be 
reached before the use of small increments of 
load is begun. 

The following method of choosing incre- 
ments for a test is suggested: Estimate the 
load corresponding to the knee of the stress- 
strain diagram and choose a value for incre- 
ment of load about one-tenth of this value. 
Apply this increment of load (5) once and 
note the corresponding change of reading for 
the stramometer (e). Then for the remainder 
of the test, use for the increment of strainom- 
eter reading a value which corresponds to 
some convenient interval on the scale of the 
strainometer, and which is approximately 
equal to (e). 

Elastic Limit.— The greatest stress which a 
material is capable of developing without 
a permanent deformation remaining upon 
complete release of the stress. ; 

Note.-— It is a. matter of experience' with 
many materials', especiaEy with many metallic 
materials, that using ordinary methods of 
testing, the values found for elastic limit by 
means of observations of permanent deforma- 
, tion ' (set), after release of stress do not difer 
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widely from tie, Yaliies found for proportional 
limit, the latter being defined as: 

Froporiimtal Limit. — The greatest stress 
which a .material is capable of developing 
without a deviation from the law of pro- 
portionality of stress to strain ' (Hooke’s 
Law). 

Since the determination of proportional 
limit is imicli more readily made^ than is the 
determination of elastic limit, it is customary 
to accept the proportional limit as equivalent 
to the elastic limit for such materials, and 
hence the proportional limit is frequently 
called the “proportional elastic limit.” ' 
For certain' grades of steel a special method 
of determining elastic strength Is recognized 
in the standard specifications of the American 
Society for Testing' Materials. ' See the 
Standard Specifications for Carbon-Steel 
Forgings for General Industrial Use (A.S.T.M, 


eluding the specimen in a carefully controEed 
laboratory test), starts, as local actions and 
becomes measurable only after .'many local 
internal adjustments and .accommodations 
have occurred, .and after ' a considerable 
portion of the member is affected by . the 
yielding. 

The limit of usefulness of many .materials, 
especially metals, in me.mbers subjected, to 
approximately static loading at ordinary 
tempe.ratures is therefore determined ■ by a 
measurable ^mlue of plastic yielding of the 
material above which the material is con- 
sidered to be damaged and below which' the 
damaging effects are considered to ' be neg- 
ligible. 

' ■ The- following methods -arC' recommended, 
for determining the yield' strength of a- 
material: 

{a) Offset Method . — This method can be 



Reading 

(a) With Equal Incre- 
ments of Stress. 



Reading 

(b) With Equal Incre- 
ments of Strain. 



Reading 

(c) With Two Values of 
Increments of Stress. 


Fig. 2. — ^Illustrating Three Methods of Plotting Load-Deformation Curves. 


- Designation: A 235),® for Carbon-Steel Forg- 
ings for Locomotives and Cars (A.S.T.M. 
Designation: A 236),® for Alloy-Steel Forgings 
■for General Industrial Use (A.S.T.M. Desig- 
nation: A 237),® and for Alloy-Steel Forgings 
, .for Loco.motives and Cars (A.S.T.M. Desig- 
nation: A 238).® 

Yield , Strength.— The stress at which a 
. materiar 'exhibits a spe-cified limiting 
permanent -set. 

Note. — -It is usually , impracticable and 
, , probably ..impossible to determine the stress 
' at which inelastic action in a mombox begins. 

. Plastic yielding in nearly all members (in- 


® 1946 Book of A.S.T.M. Standards, .Part I-A. 


used, if desired, for materials having 
“sharp-kneed” stress-strain diagrams, but 
is especially adapted to materials whose 
stress-strain diagram in the yield range 'is 
a smooth curve of gradual curvature. . 
For nearly all materials, if at any point, on 
the stress-strain diagram such as r in Fig. 3, 
the load is released, -the. diagram for decreas-. 
ing load will follow a line approximately 
parallel to the initial portion 04, of 'the .dia- 
gram for increasing load., , The offset Om 
will then give the approximate value of the 
permanent set after the release of the stress 
OR. ' The value of this set is given in per- 
centage strain. Thus to determine-' the yield, 
strength by the “offset method,” it is neces- 
sary to secure data (autographic or numerical) 
from which a stress-strain diagram ; may be 
drawn. Then on the , stress-stmia diagram 
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(Fig. 3) iay of 'Ow equal to, the specified 
value of the , .set, . draw.. «« parallel to 
Oi4 , and thus locate f, tlie intersection oi mn 
with the . stress-strain diagram. Draw Rr 
parallel to the, X axis; and then OR gives the 
value of the yield strength, 

4 n 



In reporting values of yield strength ob~ 
tained by this method, the specified value 
of used should be stated in paren- 

theses after the term yield strength. Thus: 

Yield strength (offset = 0.2 per cent) 
=5 52,000 psi. This indicates that at a 
stress of 52,000 psi. the approximate 
permanent set of the material reached 
the value of 0.2 per cent (equivalent to 
0.002 in. per inch of gage length).'* 


« Yield strength (or its equivalent) is specified as 
follows in the standards and tentatives of the American 
Society far Testing Materials: 

Standards or Tentatives for : 

AHoy-Steel Pipe 

Aluminum-Alloy Bars, Rods, Shapes, 

Sheet 

Magnesium-Base Alloy Forgings, 

Castings, Sheet 


^0.2 per cen 
“ofiset” 


The Alloy: Copper, 80 per cent; Tin, I 

10 per cent; Lead, 10 per cent 

Copper-Silicon Alloy Plates, Sheets, 

and Bars 1 

Aluminum-Bronze Castings 

Bronze Bearing Metals and Steam or 

Valve Sand Castings 

Composition Brass or Ounce Metal ] 

Sand Castings 

Naval Brass Rods for Structural Pur- 
poses , 


0.5 per cent elon- 
gation under 
load (approxi- 
■ mately equiv- 
alent to 0.35 
per cent 

I sen 


In using this method, a.D, .estensometcr 
reading- to O.OOOi in. per inch of gage length 
would , be sufficientiy sensitive , for most 
materials. The elastic limit and, the pro- 
portional limit may be regarded as . special 
values of the yield strength. They are the 
highest stresses for which the and' the 
^‘offset,” respectively, are n,ot measurable 
with the instruments ■ used. 

For any .given stress the deviation (offset), 
from Hookers law is only, approximately 
equal to the set after the removal of that 
stress, and the approximation becomes less 
and less exact as the permissible deviation 
diminishes. This method is devised ^ for 
determining a stress corresponding to a well 
marked plastic deformation, or set, and it is 
not feasible to specify a very small value for 
the permissible ^^offset” Om. 

(6) Extension Method Under Load,— 
For tests to determine the acceptance or 
rejection of material whose stress-strain 
characteristics are well knowui from pre- 
vious tests of similar material in which 
stress-strain diagrams were plotted, the 
total strain corresponding to the stress 
at which the specified permanent set 
occurs will be known within satisfactory 
limits; therefore, in such tests a specified 
total strain may be used, and the 
stress on the specimen, when this 
total strain is reached, is the value of the 
yield strength. The total strain can be ob- 
tained satisfactorily by use of an extensom- 
eter reading to 0.0001 in. per inch of gage 
length. It is recommended that this 
approxhnate method be used only after 
agreement between the manufacturer and 
the purchaser, with the understanding that 
check tests be made for obtaining stress- 
strain diagrams for use with the offset 
method to settle any misunderstandings. 

Yield Point.— The stress in a material at 
'which there occurs a marked increase 
in strain without an increase in stress. 

It should be noted that only materials that 
exhibit this unique phenomenon of yielding 
have a yield point. The term yield point 
should not be used in connection with mate- 
rial w'hose stress-strain diagram does not 
become horizontal or does not show an 
actual drop of stress with increase of strain 
in the region of yield. Two methods of de- 
termining yield point are in use- 

fa) *^Drop of the Beam^^ Method.— In this 
method the load is applied to the specimen 
at any convenient speed of testing up to one 
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half; the .specified yield.;, poi.nt. or up to 
one, quarter .the specified: tensile strength, 

, whichever is smaller, .and the operator- 
keeps the beam in balance by running out 
the poise at app,roximately a steady rate. 

. When the yield, point of the material is 
reached, the increase .o,f load stops, but , the 
operator runs the poise a trifle beyond the 
balance position, and the beam of the 
machine , drops for a brief but appreciable 
, interval, of time. In a machine fitted with 
,a self -indicating load-measuring device, 
there is a sudden halt of, the load-indicating 
.pointer corresponding to the drop of the 
beam. The load at the “halt in the 
gage^* or the ,‘*drop of the beam^^ is re- 
, corded, and the corresponding stress is 
taken as the yield pomt. 

(b) Total Strain Method Using Dividers . — 
In this method,- frequently , ca.Iied the 
‘ ‘dividers method.,’’ the observer with a pair 
of dividers or other suitable apparatus 
watches for visible elongation between two 
gage marks on the specimen. When 
visible stretch is observed, the load at 
that instant is noted, and the stress cor- 
responding to the load is taken as the 
yield point. For the higher strength 
steels, a gage length of less than 8 in. is 
recommended. 

Tensile Strength. — The maximum tensile 
stress which a material is capable of 
developing. 

NoTE.—In practice, it is considered to be 
the maximum stress developed by a specimen 


representing the mateBal. in a tension test 
carried to rupture, u,ader .definite prescribed 

- conditions. Tensile strength is calculated 

- from the maximum load . carried ' during a 
' tension test and the. original cro.ss-sectioiia! 

area of the specimen. 

Compressive Strength.—The maximum com- 
pressive stress which a material is capable 
of developing. 

Note. — In the case of a materia! which 
fails in compression by a shattering fracture 
, the compressive strength has a very definite 
value. In the case of materials which do not 
fail in' compression by a shattering fracture 
the value obtained for compressive strength 
is an arbitrary value depending upon the 
degree of distortion which is regarded as 
indicating complete failure of the material. 

Modulus of Elasticity.— The ratio, within 
the elastic limit of a material, of stress 
to corresponding strain. 

Note. — As there are three kinds of stress, 
so are there three moduli of elasticity for any 
material: the modulus in tension, the modulus 
in compression, and the modulus in shear. 
The value of the modulus of elasticity in 
tension is nearly the same, for most metals, 
as the value of the modulus of elasticity in 
compression. The value of the modulus of 
elasticity in shear is smaller than the value 
of the modulus of elasticity in tension. The 
modulus of elasticity is expressed in pounds 
per square inch (kilograms per square 
millimeter). 
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Standard Definitions oj 
TERMS RELATING TO SPECIFIC GRAVITY* 



A.SXM. Designation; E 12 ““27 
Adopted, 1927.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 12; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Absolute Speci^c Gravity (of solids and 
liquids). — The ratio of the weight referred 
to vacuum of a given volume of the ma- 
terial at a stated temperature to the 
weight referred to vacuum of an equal 
volume of gas-free distilled water^ at a 
stated temperature. It shall be stated 
thus: 

(<j) When the temperatures of the ma- 
terial and of the water are the samt: 

Absolute Specific Gravity ... 

where x is the temperature of the material 
and the water. 

(&) When the temperatures of the ma- 
terial and of the water are not the same: 

Absolute Specific Gravity .vVy^C. 

where x is the temperature of the material 
and y is the temperature of the water. 

Note. — In the interest of standardization 
and simplification, the first form of state- 
ment of specific gravity (a) should be em- 
ployed wherever practicable. 

Specific Gravity (of solids and liquids). — 
The ratio of the weight in air of , a given 


^ Under tlie standardmtion procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
€oinm,ittee,E-S on Nomenclature and Definitions. 

s Prior to adoption as standard, these definitions were 
published as tentative from 1925 to 1927, being revised in 
1926 and 1927. 

* Distilled water boiled vigorously in vacuum. ■ 


volume of the materia! at a stated tem- 
perature to the w^eight in air of an equal 
volume of distilled water at a stated 
temperature. It shall be stated thus: 

(a) When the temperatures of the ma- 
terial and of the water are the same: 

Specific Gravity x^/x°C 

where x is the temperature of the material 
and the water. 

(5) When the temperatures of the ma- 
terial and of the water are not the same: 

Specific Gravity x'^/y^C 

where x is the temperature of the material 
and y is the temperature of the water. 

Note. — In the interest of standardization 
and simplification, the first form of statement 
of specific gravity (a) should be employed 
wherever practicable. 

Apparent Specific Gravity (of solids).— -The 
ratio of the weight in air of a given volume 
of the impermeable portion of & permeable 
material (that is, the solid matter includ- 
ing its impermeable pores or voids) at a 
stated temperature to the weight in air 
of an equal volume of distilled water at a 
stated temperature, it shaH be , stated 
. thus: 

(a) When the' temperatures of the ma- 
teria! and, of the water are the same: 

Apparent Specific Gravity 
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wliere x is the temperature of the nmteriai 
and the water. 

: (h) .When the .temperatures of the ma- 
terial and. : of the, water are not the same: 

Apparent Specific Gravity x^/ y°C 

where x Is the temperature of the material 
,and y is the temperature of the water. 

Note I.— In scieritific circles, specific grav- 
ity and. density determinations ' .made in air 
(that is, uncorrected to vacuu.m) are fre- 
quently distinguished by the adjective 
‘‘apparent.” Thus, the specific gravity de- 
fined by the second ■definition (specific grav- 
ity) would be designated, as “apparent 
specific gravity” and that, defined by the first 
definition (absolute specific gravity) as 
“specific gravity.” But in industry, the 
terminology is more generally in accordance 
with that given in these definitions. 

Note 2. — The terms “permeable” and 
“impermeable” cannot be rigidly defined for 
general application. The exact meaning in 
a particular application is the conventional 
one inferred by the procedure specified for 
determining the specific gravity of the ma- 
terial in question. 

Note 3. — In the interest of standardiza- 
tion and simplification, the first form of 


statement of specific... gravity. (<i) should be 
employed wherever practicable.. , 

Bulk Specific Gravity, (of solids), -“The ratio 
of the w^eight in air of a given volume of 
a permeable ^ material (includ.ing' both 
permeable and. impermeable voids Eormal 
to the material) at. a stated temperature 
to the weight In air of an equal volume of . 
distilled vrater at a stated temperature. 
It shall be stated thus: 

(a) When the temperatures of the ma- 
terial and of the water are the same: 

Bulk Specific Gravity x'^fx^C 

where x is the temperature of the material' 
and the water. 

(b) When the temperatures of the ma- 
■ terial and of the water are mi the same: 

Bulk Specific Gravity x^/y°C 

where x is the temperature of the material 
and y is the temperature of the water. 

Note L— See Note 2 under “Apparent 
Specific Gravity.” 

Note 2. — In the interest of standardiza- 
tion and simplification, the first form of 
statement of specific gravity (a) should be 
employed wherever practicable. 
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A.S.T.M. Designation: E 24 -42 

Adopted, 1942;* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E24; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Consistency.-— That property of a body by 
virtue of which it tends to resist deforma- 
tion. 

Plasticity.— That property of a body by 
virtue of which it tends to retain its 
deformation after reduction of the deform- 
ing stress to its yield stress. 

Elasticity.— That property of a body by 
virtue of which it tends to recover its 
original size and shape after deformation. 
Liquid. — A substance which undergoes con- 
tinuous deformation when subjected to 
shearing stress. 

Simple Liquid . — k liquid in which the rate 
of shear is proportional to the shearing 
stress. The constant ratio of shearing 

Under the stendardiiation procedure of the Society, 
these definition* are under the Jurisdiction of the A.S.T.M. 
Committee E-1 on Methods of Testing. 

* Prior to adoption as standard, these definitions were 
published as tentative from 1934 to 1942, being revised in 
1937 Sind 1940. 


stress to rate of shear of a simple liquid 
is the viscosity of the liquid. 

Complex Liquid. — A liquid in which the 
rate of shear is not proportional to the 
shearing stress. 

Solid. — substance which undergoes per- 
manent deformation only when subjected 
to shearing stress in excess of some finite 
value characteristic of the substance 
(yield stress) . 

Plastic Solid, — A substance which does not 
deform under a shearing stress until the 
stress attains the yield stress, when the 
solid deforms permanently. 

Elastic Solid. — A substance in which, for ai 
values of the shearing stress below the 
rupture stress (shear strength), the strain 
is fully determined by the stress regard- 
less of whether the stress is increasing or 
decreasing. 
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PLASTICS, RUBBER, PAPER, 
SHIPPING CONTAINERS, ADHESIVES 

As of December^ ig 46 

(For revisions or dbange in status of any of these tentatives, 
see supplementary publications to be issued in 1947 and 1948.) 


Tentative Specifications and Methods of Test represent the 
latest thoughts and practices, and are published by the Society 
on the recommendations of the committees concerned, prior to 
adoption as standard. 

New and revised Tentatives, issued in 1947 and 1948, will 
appear in the 1947 and 1948 Supplements to the Book of 
A.S.T.M. Standards. It is important that these Supplements 
be consulted in case any change of status has occurred with 
respect to any of these Tentatives. 

Criticisms of these Tentatives should be directed to the 
Headquarters of the Society, 1916 Race St, Philadelphia 3, Pa. 
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* Approved as American Standard by the American Standards Association. 
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Tentative sped jicatiom for: .. ;■ FAGE 

D 730 - 46 T. Lime-Glass, Pin-T}^e Ln-sulators, Low: -and , Medium, Voltage . , , 636 
, D 879 ““ 46T. Lime-Glass, Pin-Type Insulators, Communication and SignaF. , 641 

Solid Filiing and Treating Compounds 

Tentative [ Method of: 

E 28~ 42T. Softening Point (Bali and Shouldered Ring Apparatus), Test 

for. ...,.',.L1303; 

Electrical Tests 

Tentative Methods of: 

D150~46 T. Power Factor and Dielectric Constant of Electrical Insulating 

Materials, Test for 647 

D669 '-‘42 T. Power Factor and Dielectric Constant Parallel with Lamina- 
tions of Laminated Sheet and Plate Insulating Materials, 

Test for 682 

Insulating Paper 

(See also Paper and Paper Products) 

Tentative Methods of: 

D202 - 46T. Untreated Paper Used in Electrical Insulation, Sampling and 

Testing of 685 

E 70~46T. pH of Aqueous Solutions, Determination of with the Glass 

Electrode 1297 

Mica Products 

Tentative Spedfications for: 

D 748 - 45 T. Block Mica and Mica Films, Natural, Suitable for Use in 

Fixed Mica-Dielectric Capacitors 705 

Rubber Products for Electrical Insulation 
(See also Rubber Insulated Wire and Cable, and Sheath Compound) 

Tentative Spedfications for: 

D 69-46 T. Friction Tape for General Use for Electrical Purposes. 1078 

D 119 - 46 T. Rubber Insulating Tape. ...... ...... 1083 

Textile Materials for Electrical Insulation 

Tentative Specifications for: 

D372-45T. Cotton and Rayon Sleeving, Flexible Treated, Used in Elec- 
trical Insulation. 496 

D 681-42T. Jute Rove and Plied Yarn for Electrical and Packing Pur- 
poses, Tests and Tolerances for. .... . 718 

D 373 - 44T. Varnished Cloth Tape, Black Bias-Cut, Used for Electrical 

Insulation. * 499 

Tentative Methods of: 

D 295 - 46 T. Cloths and Cloth Tapes, Varnished, Used in Electrical Insula- 
tion, Testing of 517 

D 902 - 46 T. Glass Fabrics and Glass Fabric Tapes, Varnished, Used in 

Electrical Insulation, Testing of 724 

D 886-46 T. Glass Yam, Compatability of with Insulating Varnish 722 

Conditioning, Enclosures, Servicing Units 

Tentative Spedfications for: 

D 760- 44 T. Enclosures for Small Testing Machines for Tests at Subnormal 
and Supernormal Temperatures of Electrical Insulating Ma- 
terials and Plastics * 730 


~ These specifications were formerly published as Emergency Specifications ES - 41. 
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Tentative Specifications for: . PAGE 

I> 761 - 44 T. Servicing Units for Tests at Subnormal and Supernormal Tem- 
peratures of Electrical Insulating Materials and Plastics 731 

Tentative Methods of: 

D 618-46 T. Conditioning Plastics and Electrical Insulating Materials for 

Testing - - • • • • > • • • - • ■ ■ * • 540 

Tentative Definitions of: 

E 41-42T. Conditioning and Weathering, Terms with Procedures Relat- 

ingto ■ . 1318 

TEXTILE MATERIALS 

Specifications and methods of test for textile materials are published in Part III- A 
of the Book of A.S.T.M. Standards. 

PLASTICS 

Tentative Specifications for: 

B 700 - 45 T. Phenolic Molding Compounds. .... ... ........ . . 733 

D 701 - 46 T. Cellulose Nitrate (Pyroxylin) Plastic Sheets, Rods, and Tubes, . 737 

D 703 - 44 T. Polystyrene Molding Compounds 742 

D 704 - 44 T. Melamine-Formaldehyde Molding Compounds. ......... 747 

D 706 -^T. Cellulose Acetate Molding Compounds 750 

B 707- 46 T. Cellulose Acetate Butyrate Molding Compounds 753 

B 708- 44 T. Vinyl Chloride- Acetate Resin Plastic Sheets 757 

B 709 - 46 T. Laminated Thermosetting Materials 554 

B 728- 44 T. Vinyl Chloride-Acetate Resin Molding Compounds. 761 

B 729-44T. Vinylidene Chloride Molding Compounds. 764 

B 742 - 46 T. Nonrigid Vinyl Chloride-Acetate Resin Plastics. 768 

B 743 - 44T. Nonrigid Ethyl Cellulose Plastics 773 

B 744 - 44 T. Nonrigid Vinyl Chloride Plastics. 778 

B 745 - 44 T. Nonrigid Vinyl Butyral Plastics 783 

B 786-46T. Cellulose Acetate Plastic Sheets 787 

B787-46T. Ethyl Cellulose Molding Compounds.,.. 791 

B 788-44T. Methacrylate Molding Compounds. 794 

B 789 - 44 T. Nylon Injection Molding Compound — ... 797 

B 819 - 45 T. Cast Aliyl Plastic Sheets, Rods, Tubes, and Shapes 801 

B 467 - 44 T. Phenolic Laminated Sheet for Radio Applications 572 

B 616 - 41 T. Phenolic Laminated Round Tubing for Radio Applications 576 

B 647 - 45 T. Molds for Test Specimens of Molding Materials Used for Elec- 
trical Insulation. 804 

B 760 - 44 T. Enclosures for Small Testing Machines for Tests at Subnormal 
and Supernormal Temperatures of Electrical Insulating 

Materials and Plasties 730 

B 761 - 44 T. Servicing Units for Tests at Subnormal and Supernormal Tem- 
peratures of Electrical Insulating Materials and Plastics. ... 731 

E 1 - 46 T. A.S.T.M. Thermometers 1281 

Tentative Methods of: 

B817-44T. Acetyl and Butyryl Content of Cellulose Acetate Butyrate, 

Test for 807 

B834-45T. Ammonia in Phenol-Formaldehyde Molded Materials, Test 

for 812 

B 884-46 T. Blocking of Plastic Sheets, Method for Estimating 814 

B 746 - 44 T, Brittle Temperature of Plastics and Elastomers, Test for. . . . , . 817 

B736-46T. Brittleness, Low-Temperature, of Rubber and Rubber-Like 

Materials, Test for .... 1026 

B 749 - 43 T, Calibrating a Light Source Used for Accelerating the Beteriora- 

tion of Rubber 983 

B 620 - 45 T. Colorfastness of Plastics to Light, Test for 821 

B 395 - 46 T. Compression Set of Vulcanized Rubber, Tests for 997 

B649 - 42T. Compressive Strength of Electrical Insulating Materials, Test 

for ; 538 
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Tentative Methois i^: . . r page 

D 695 -",44 T. C.ompressive Strength, of Plastics, Test for. .................. 824 

' D618~,46T, ,Con(iitioiimg Plastics and ■,Eiectricai. Insulating:, Materials for 

Testing. . , . ■ . , . . . 540 

D 621-,45 T. . .Deforni,ation of Pkstics Under 'Load, . Test fo,r.'. . 833 
D 881 - 46 T. Deviation of Line of Sight through Transparent Plastics, Test 

for. ' ■ 839 

. D150--46T. Dielectric Constant and Power Factor of Electrical Insulating . 

Materials, Test for 647 

D669.--42T* Dielectric , Constant and Power Factor Parallel vdth .Lamina- , 

■ tions of Laminated Sheet and Plate Insulating Materials, ' 


D 864 - 45 T. Expansion, Cubical Thermal, of Plastics, Test for Coefficient of. 842 
D 757 - 44 T. Flammability of Plastics, Self-Extinguishing Type, Test for . . , . 846 
D 650 - 42 T. Flexural Strength of Electrical Insulating Materials, Test for. . 542 
D 671 - 42 T. Flexural Stress (Fatigue), Repeated, of Plastics, Test for. .... . 849 

D 790 - 45 T. Flexural Test of Plastics r. 858 

D 569 - 44 T. Flow Prop^erties of Thermoplastic Molding Materials, Test for 

Measuring 863 

D 863 - 45 T. Flow Temperature of Thermoplastic Molding Materials, 

Designation of ....... 867 

D 676 - 46 T. Hardness, Durometer Indentation, of Rubber, Test for 994 

D 785-44T. Hardness, Rockwell, of Plastics and Electrical Insulating Ma- 
terials, Test for 868 

D 672 - 45 T. Haze of Transparent Plastics by Photoelectric Cell, Test for . . . . 870 

D 648 - 45 T. Heat Distortion Temperature of Plastics, Test for . , .......... 872 

*D256“43 T. Impact Resistance of Plastics and Electrical Insulating Ma- 
terials, Test for 545 

D 791 - 44 T. Luminous Reflectance and Transmission Characteristics and 

Color of Plastic Materials, Test for 875 

D 731 - 44 T. Mobility, Relative, of Thermosetting Molding Powder, Test for 

Measuring............. ... .. 879 

*D 48 - 46 T. Molded Materials Used for Electrical Insulation, Testing of . . , 527 
D814-46T. Permeability of Vulcanized Rubber or Synthetic Elastomers 

to Volatile Liquids, Test for 1023 

D 150 - 46 T. Power Factor and Dielectric Constant of Electrical Insulating 

Materials, Test for. • 647 

D 669-42T. Power Factor and Dielectric Constant Parallel with Lamina- 
tions of Laminated Sheet and Plate Insulating Materials, 

Test for 682 

D 756 - 46 T. Resistance of Plastics to Accelerated Service Conditions, Test 

for. 882 

D813-44T. Resistance of Vulcanized Rubber or Synthetic Elastomers to 

Crack Growth, Test for. .... . . . ... . . . ... ; • • • ■ 

D 741 - 43 T. Rods, Rigid, Used in Electrical Insulation, Measuring Dimen- 
sions of 581 

E 28-42T. Softening Point (Bail and Shouldered Ring Apparatus), Test 

for.... 1303 

D 792 - 44 T. Specific Gravity of Plastics, Test for 889 

D793 - 44T. Stability at Elevated Temperatures of Plastics Containing 

Chlorine, Short-Time, Test for 893 

D 747 - 43 T. Stiffness in Flexure of Nonrigid Plastics, Test for 895 

D 638 - 46 T. Tensile Properties of Plastics, Test for 899 

D 882 - 46 T. Tensile Properties of Thin Plastic Sheets and Films, Test for. . 911 

D 759 - 44T. Tensile and Compressive Properties of Plastics at Subnormal 

and Supernormal Temperatures, Test for 916 

D 651 - 42 T. Tensile Strength of Molded Electrical Insulating Materials, Test 

. for. 551 

D 674 - 46 T. Tension Tests, Long-Time, of Plastics 919 

D 697 - 42 T. Water Vapor Permeability of Plastic Sheets, Test for 923 

Tentative Recommended Practices for: 

D 795 - 44T. Accelerated Weathering of Plastics Using S-1 Bulb and Fog 

Chamber................. 927 
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T&niatm Recommended Practices for: page 

D TSS*- 44 T. Impact Resistance of Plastics at Subnormal and Supernormal 

Temperatures. .......... . . . . . . • . . . . . . . . . . ..... 932 

D 796 45 T. Molding Specimens of Phenolic Materials . . . . . .... . ... . . . . . . 934 

D 794 - 44 T. Permanent Ehect of Heat on Plastics, Determination of . . ... . 936 

E 29-40 T. Designation of Numerical Requirements in Standards . . . ... . . 13 10 

Tentative Definitions of: 

D 883 - 46 T. Terms Relating to Plastics. . - ........ . . . . . . . . .... ... 938 

E 41-42 T. Conditioning and Weathering, Definitions with Procedures Re- 
lating to 1318 

RUBBER PRODUCTS , 

General 'Methods 

Tentathe Methods of: 

D 297-43 T. Chemical Analysis of Rubber Products. . ... . ........ . . ... . . 939 

D 833 - 46 T. Identification and Quantitative Analysis of Synthetic Elas- 
tomers — ... . ■;:969. 

D865-46T. Aging, Heat, of Vulcanized Natural or Synthetic Rubber by 

Test Tube Method. . . ... . ...... ... ... ... . . ........ .... 977 

D 750-43 T. Resistance to Accelerated Light Aging of Rubber Compounds, 

Test for • . . .... ........ . . . 980 

D 749 - 43 T. Light Source Used for Accelerating the Deterioration of Rubber, 

Calibration of ................................. 983 

D599- 40T. Cure of Vulcanized Rubber, Test for PhysicaT State of (T-50 

A 'Test) ....".986 

D 676- 46 T. Mentation of Rubber by Means of the Durometer, Test for. , . . 994 

D 395 - 46 T. Compression Set of Vulcanized Rubber, Tests for 997 

D 623-41 T. Compression Fatigue of Vulcanized Rubber, Tests for 1003 

D 813 - 44 T. Resistance of Vulcanized Rubber or Synthetic Elastomers to 

Crack Growth, Test for 1011 

D 471 - 46 T. Changes in Properties of Rubber and Rubber-Like Materials 

in Liquids, Tests for 1014 

D 814-46 T. Permeability of Vulcanized Rubber or Synthetic Elastomers to 

Volatile Liquids, Test for 1023 

D736-46T. Brittleness, Low-Temperature, of Rubber and Rubber-Like 

JVf sttsFiSrls for i0^6 

D 746 - 44 T. Brittle Temperature of Plastics and Elastomers, Test for 817 

*D 256 - 43 T. Impact Resistance of Plastics and Electrical Insulating Ma- 
terials, Tests for 545 

Tentative Recommended Practices for: 

D 832 - 46 T. Conditioning of Rubber and Plastic Materials for Low-Tem- 
perature Testing, Recommended Practice for 1029 

E 28-42T. Softening Point (Ball and Shouldered Ring Apparatus), Test 

for 1303 

Automotive and Aeronautical Rubber 

Tentative Specifications for: 

D 735 - 46 T. Rubber and Synthetic Rubber Compounds for Automotive and 

Aeronautical Applications 1036 

D 818- 45 T. Rubber Cups, Natural, for Use in Hydraulic Actuating Cylin- 
ders, . 1046 

Tentative Methods of: 

D 622 - 44 T. Brake Hose, Automotive, Air and Vacuum, Testing of 1067 

D 571 - 44 T. Brake Hose, Automotive, Hydraulic, Testing of 1072 
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Rubber: Hose and Belting 

Tentaiwe Methods, of: , page 

, D “3.80- 46 T. Rubber Hose, Testing -of.'. . . . ... ...................... . . . . 1057 

D 622 - 44' T. Brake Hose, Automotive, Air and Vacuum, Testing of. . . ...... 1067 

,D 571 - 44 T. ..Brake Hose, Automotive, Hydraulic, Testing of . . . . . ........ 1072 

Rubber Tape 

Tmtaiive Specifimtions for: 

D 69- 46T. Friction. Tape for General Use for Electrical Purposes .... 1078 

D 119 - 46 T. Rubber Insulating Tape 1083 

Rubber-Coated Fabrics 

Tentative Methods of: 

D 751 - 46 T. Rubber-Coated Fabrics, Testing of 1087 


D 815- 44 T, Hydrogen Permeability of Rubber-Coated Fabrics, Test for. . 1099 
Rubber Insulated Wire and Cable, and Sheath Compound 


Tentative Specifications for: 

D 27-46 T. Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber 

Compound 1 103 

D 754- 46a T. Insulated Wire and Cable: Heat-Resisting Synthetic Rubber 

Compound...... .,1120 

D 574-46 T. Insulated Wire and Cable: Osione-Resistant Type Insulation. . 1124 
D 755- 46a T. Insulated Wire and Cable: Performance Synthetic Rubber 

Compound.... .......... 1132 

D 734- 43 T. Insulated Wire and Cable: Polyvinyl Insulating Compound. . 1136 
D 532- 46 T. Rubber Sheath Compound for Electrical Insulated Cords and 

Cables ..... 1143 

B 752 - 46 T. Sheath Compound, GR-M Polychioroprene, for Electrical In- 
sulated Couds and Cables. ..... . 1145 

B 753 - 44 T. Sheath Compound, GR-M Pol 3 xhloroprene, for Electrical In- 
sulated Cords and Cables Where Extreme Abrasion Re- 

■ sistance Is Not Required. 1148 

B 866 - 46 T. Sheath Compound, GR-S Synthetic Rubber, for Electrical 

Insulated Cords and Cables® — 1151 

B812-44T. Sheath Compound, GR-S Synthetic Rubber, for Electrical 
Insulated Cords and Cables Where Extreme Abrasion Re- 
sistance Is Not Required , 1153 

Tentative Methods of: 

B 470-46 T. Insulated Wire and Cable, Rubber, Testing of 1155 

Hard Rubber and Cellular Rubber 

Tentative Specifications for: 

B 798 - 46a T. Cellular Rubber Products. 1168 

Tentative Methods of: 

B 530 - 44 T. Hard Rubber Products, Testing of 1175 

B 639 - 46 T. Asphalt Composition Battery Containers, Testing of 1183 

AB 256- 43T. Impact Resistance of Plastics and Electrical Insulating Ma- 

D SS2 - 46a T. CelfiSar^kubb^ Products/ 1191 
Rubber Cements 

Tentative Methods of: 

B 816 - 46 T. Rubber Adhesives, Testing of 1199 
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Nonrigid Plastics 
(See also Plastics) 
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D 743 - 44 T. Ethyl CeUulose Plastics, Nonrigid 773 

D 742 - 46 T. Vinyl CMoride-Acetate Resin Plastics, Nonrigid. ....... . . ... 768 

D 744-44 T. Vinyl Chloride Plastics, Nonrigid 778 
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B 676- 46 T. Indentation of Rubber by Means of the Durometer, Test for. . 994 
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perature Testing, Recommended Practice for. ... 1029 

Electrical Tests 

Tentative Methods of: 

D 150 - 46 T, Power Factor and Dielectric Constant of Electrical Insulating 

Materials, Tests for ........ ....... 647 

Nomenclature and Definitions 

Definitions: 

E 41-42T. Conditioning and Weathering, Definitions with Procedures 

Relating to ....... 1318 

Recommended Fraciice for: 
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ADHESIVES 

Tenicdive Methods of: 
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D ^3 - 46 T. Peel or Stripping Strength of Adhesives, Test for 1213 
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D816-46T. Rubber Adhesives, Testing of 1199 

Recommended Fraciice for: 
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the Effect of on the Permanence of Adhesives 1210 

PAPER AND PAPER PRODUCTS 

Tentative Specifications for: 

D709 - 46T. Laminated Thermosetting Materials 554 

D 467 - 44 T. Phenolic Laminated Sheet for Radio Applications 572 

D 616-41 T. Round Phenolic Laminated Tubing for Radio Applications. ... 576 

D 710-43 T. Vulcanized Fibre Sheets, Rods, and Tubes Used for Electrical 
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Tentative Methods of: 

D824-45T. Absorption by Bibulous Papers of Water and Writing Ink, 

Test for 1221 

D 773 - 44 T. Adhesivesness of Gummed Tape, Test for 1223 

D 642 - 45 T. Compression Test for Shipping Containers 1261 

D 775-45 T. Drop Test for Shipping Containers 1266 

D 782 - 46 T. Drum, Revolving Hexagonal, Test for Shipping Containers in . . 1277 

D 827 - 45 T. Edge Tearing Strength of Paper, Test for 1226 

E 70-46T. pH of Aqueous Solutions, Determination of with the Glass 

Electrode ; 1297 

D 880 - 46 T. Incline Impact Test for Shipping Containers 1271 

D 686 - 46 T. Mineral Filler and Mineral Coating of Paper, Qualitative Ex- 
amination of 1229 
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... Fiberboard, Test' for . ... ... ... .... ...... . .. . . ... :.'i23S 
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; D 828- 45 T. Tensile Breaking Strength of Paper and Paper Products, Test. 

for 1245 

B 829 - 45 T. Tensile Breaking Strength, Wet, of Paper and Paper Products, 

Test for 1248 
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Testing of 685 

D 619- 46 T. Vulcanized Fibre Used for Electrical Insulation, Testing of. . . . 594 

D 783 -44T. Water Vapor Permeability of Paper and Paperboard, Test for. . 1251 
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D 826-45 T. Wet Curl of Paper, Degree of, Test for . 1259 

SHIPPING CONTAINERS 
(See also Paper and Paper Products) 

Tentative Methods of: 

D642-45T. Compression Test for Shipping Containers. 1261 

D 775-45 T. Drop Test for Shipping Containers. 1266 

D 782 - 46 T. Brum, Revolving Hexagonal, Test for Shipping Containers in. . 1277 
B880~46T. Incline-Impact Test for Shipping Containers 1271 

THERMOMETERS 

Tentative Specifications for: 

E 1-46T. A.S.T.M. Thermometers 1281 

GENERAL TESTING METHODS 

Tentative Methods of: 

E 20-33T. Particle Size Distribution of Subsieve Size Particulate Sub- 
stances, Test for 1292 

E 70~46T. pH of Aqueous Solutions, Determination of with the Glass 

Electrode 1297 

E 28-42T. Softening Point (Ball and Shouldered Ring Apparatus), Test 

for 1303 

Recommended Practices for: 

E 42 - 42 T. Carbon Arc Accelerated Weathering Unit, Characteristics of . . , . 1308 
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to. 1318 
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Tentative Specifications for 

ORANGE SHELLAC AND OTHER INDIAN LACS FOR 
ELECTRICAL INSULATION^ 



A.S.T.M* Designation: D 784 - 44 T 

Issued, 1944!^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover five 
grades of orange shellac and other Indian 
lacs suitable for use as electrical insula- 
tion. The grades of lac covered are the 
customarily manufactured products de- 
rived entirely from sticklac (the secre- 
tion of Laccifer Lacca Kerr) designated 
grades A, B, C, D, and E. Sticklac 


Note. — Grades A, B, and C are the commer- 
cial rosin-free grades of orange shellac com- 
monly known by these A.S.T.M. designations.* 
Grade D customarily occurs in the form of 
circular disks about 3 in. in diameter and i in. in 
thickness and is known to the trade as pure 
button lac. Grade E is dark garnet in color and 
is known to tlie trade as pure garnet lac. Garnet 
lac also is manufactured in admixture with rosin 
but this grade is not covered by these specifica- 
tions. 


TABLE I.-REQUIREMENTS FOR ORANGE SHELLAC AND OTHER INDIAN LACS. 



Grade A 

Grade B 

Grade C 

Grade D 

Grade E 

Matter insoluble in specified hot solvents, 

max., per cent. — 

Rosin 

Moisture, max., per cent 

Wax, max., per cent 

Orpiment, max., per cent — 

Matter soluble in water, max., per cent — 

Ash, max., per cent. ... 

Polymerization time — — f 

Flow test. 

1.25 

none 

2.0 

5.5 

0.025 

0.5 

1.0 

when specifie( 
upon by th( 

2.00 

none 

2.0 

5.5 

0.025 

0.5 

1.0 

i, shall be wit! 

; purchaser and 

3.00 
none 

2.0 

5.5 

0.20 

0.5 

1.0 

hiin the maximi 
i the seller.® 

1.00 

none 

2.0 

4.0 

0.025 

0.5 

0.5 

lun-minimum r 

O.SO 

none 

2.0 

3.S 

0.025 

0.5 

0.5 

ange agreed 


“ Attention is called to the fact that the purchaser and the seller must also^ agree upon the test temperature and in the 
case of the flow test upon one of the two methods for determining flow appearing in A.S.T.M. Methods D 4U,'* 


and seedlac are not included under these 
grades. 

Properties 

2. The lac covered by these specifica- 
tions shall conform to the requirements 
prescribed in Table I. ' ■ 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the Standard Methods of 
Testing Shellac Used for Electrical In- 
sulation (A.S.T.M. Designation: D 411).^ 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-9 on Electrical Insulating Ma- 
terials. 

* Accepted by the Society at annual meeting, June, 
1944. ■ ■■ , , ‘ 


* See the Tentative Specifications for Orange Shellac 
and Other Lacs (A.S.T.M. Designation: D 237), 1946 
Book of A.S.T.M, Standards, Part II. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


495 


Te?ttative Specifications for 

FLEXIBLE TREATED COTTON AND RAYON SLEEVING 
USED IN ELECTRICAL INSULATION! 



. , A.SXM. Designation: D 372 -45 T 
Issued, 1933; Revised, 1935, 1937, 1940, 1944, 1945.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover flexible 
treated cotton and rayon sleeving in five 
different grades, as follows: 

Grade A-l , — cotton or rayon braided 
sleeving impregnated and. coated with a 
continuous film of an oil varnish. This 
treated sleeving shall conform to the re- 
quirements of these specifications, in- 
cluding the heat-endurance test (Section 
6). It is suitable for applications in- 
volving high-temperature baking or con- 
tinuous exposure to elevated tempera- 
tures, and for apparatus into which hot 
potting compounds are poured for sealing 
purposes. 

Grade cotton or ra^mn braided 

sleeving coated with a continuous film of 
a lacquer. In some sizes the sleeving 
may be impregnated with a suitable 
medium before being coated. This 
treated sleeving shall conform to the 
requirements of these specifications, ex- 
cept the heat-endurance test (Section 6). 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee B-9 on Electrical Insulating Ma- 
terials. 

* Latest revision accepted by Committee E-lOon Stand- 
ards, June 27, 1945. 


It is generally suitable for applications 
not involving exposure to high tem- 
perature. 

Grade B-l.—A treated sleeving having 
a construction similar to grade A-1. It 
shall conform to the requirements of 
these specifications, including the heat- 
endurance test (Section 6). This grade 
of treated sleeving has intermediate di- 
electric strength and resistance to aging. 

Grade B-2—K treated sleeving having 
a construction similar to grade A-2, It 
shall conform to the requirements of 
these specifications, except the heat- 
endurance test (Section 6). This grade 
of treated sleeving has intermediate di- 
electric strength and resistance to aging. 

Grade C . — A braided cotton or rayon 
sleeving impregnated with an oil varnish. 
It shall have maximum flexibility. It is 
generally known as “saturated sleeving, 
and has a lower dielectric strength than 
grades B-1 orB-2. 

Note 1. — Oil Varnish is definedtas a varnish 
which contains resin and drying oil as the basic 
film-forming ingredients and is converted to a 
solid film primarily by chemical reaction, 

® This definition appears* in the Standard Definitions 
of Terms Relating to Paint, Varnish, Lacquer, and Re- 
lated Products (A.S.T.M. Designation: D 16), 1946 Book 
of A.S.T.M. Standards, Part II. 
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V Note 2. — For the purpose of tliese spccifica- 
tfons, lacquer is defined as a spirit varnish, con- 
tainiBg synthetic resins as the .principal film- 
forming Ingredients, which is converted to a solid 
film primarily, by solvent. evaporation. 

Material 

, 2. (a) The base material of the treated 
sleeving shall be good quality cotton or 
rayon braided sleeving. 

(&) The cotton or rayon sleeving shall 
be uniformly treated, and the finished 
treated sleeving shall be reasonably free 
from defects such as pimples, blisters, wrin- 
kles, cracks, and similar imperfections. 

Color 

3. Yellow j black, and red' shall be 
considered standard colors. Other 
colors shall be considered special. The 
color desired shall be specified in the 
purchase order. 

Dielectric Strength 

4. (a) Grades A-1 and A-2 treated 
sleeving shall show an average value in 
the short-time dielectric strength test of 
not less than 7000 v., and no one of the 
ten puncturing voltages shall be less than 
5000 V. 

(b) Grades B-1 and B-2 treated sleev- 
ing shall show an average value in the 
short-time dielectric strength test of not 
less than 4000 v., and no one of the ten 
puncturing voltages shall be less than 
2500 V. 

(c) Grade C treated sleeving shall 
show an .average value in the short-time 
dielectric strength test of not less than 
1200 V., and no one of the ten puncturing 
voltages shall be less than 800 v. 

.Aging Test , 

5. The number of hours of baking in 
the: aging, test during, which no cracking 
of the... tubing occurs.. when bent through 
ISO'deg... over the rod specified .in Section 
14 of 'the .Standard Methods of Testing 
Flexible Varnished Tubing Used for 
Electrical Insulation (A.ST.M. Desig- 


nation: D 350)^ shall be not less than the 

following: 

Grades A-1, A-2, and C. . . . . 96 hr. : ' ' 
Grades B-1 and B-2 . . . ....... 72 hr. 

Heat Endurance 

6. When tested for heat endurance in,' 
accordance with Section 17 of the A.,S. 
T.M. Standard Methods D 350, grades , 
A-1, B-1, and C treated sleeving shall 
neither soften, blister, nor flow. : 

Rate of Burning 

7. All grades of treated sleeving fur- 
nished under these specifications shall 
require at least 45 sec. to burn a length 
of 1 in. (2.54 cm.). 


TABLE I.-A.S.T.M. STANDARD SIZES FOR 
■ FLEXIBLE TREATED SLEEVING. 


Size 

Inside Diameter, in. 

Maximum 

Minimum 

Nominal 

1-in 

1.036 

1.000 

1.018 

I”iu 

0.911 . 

0.875 

0.893 

l-in 

0.786 

0.750 

0.768 

f-in. 

0.655 

0.625 

0.640 

l-in....... . 

0.524 

0.500 

0,512 

■A-in 

0.462 

0.438 

0.450 

i-in 

0.399 

0.375 

0.387 

No. 0 

0.347 

0.325 

0.330 

No. 1 ....... . 

0.311 

0.289 

0.294 

No. 2... 

0.278 

0.258 

0.263 

No. 3 

0.249 

0.229 

0.234 

No. 4 

0.224 

0.204 

0.208 

No. 5... 

0.198 

0.182 

0.186 

No. 6 

0.178 

0.162 

0.166 

No. 7 

0.158 

0..144 

0.148 

No. 8 

0.141 

0.129 

0.133 

No. 9........ 

0.124 

0.114 

0.118 

No. 10. 

0.112 

0.102 

0.106 

No. 11 

0.101 

0.091 

0.095 

No. 12 

0.089 1 

0.081 

0.085 

No, 13....... i 

0.080 

0.072 

0.076 ■ 

No, 14 

0.072 

0.064 

0.066 

No. IS. . 

0.067 

0.057 

0.059 

No. 16....... 

,0.061 ^ 

0,051 : 

0.053' 

No. 17 

0.054 

0.045 

0.047 

No, 18. 

0.049 

0.040 

0.042 

No. 20. ..... . 

0.039 

0M2 

0.034,. 

No. 24 

0.027 

0. • " 

0,0.22 


.Note 1.— Tfae minimum inside diameters prescribed ia, 
this table for sizes Nos. 0 to 24, inclusive, are tbe same as 
tbe diameters of copper wire for corresponding A. w. g. 
or B. & S. gage sizes. 

Note 2.— Sizes Nos. 15 and 17 are .special 'a.nd,may, 
eventually be eliminated. 


. ‘ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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DimensioES,;' ,/ , 

8. ' . (a) Inside: Diafmi-ers,— The inside 
diameters of flexible^ treated sleeving 
shall: conform, to tlie requirements pre- 
scribed in Table I. 

(b) Commercial Lengths .- — Unless other- 
wise specified,' treated cotton and. rayon 
sleeving in all sizes shall be supplied 
straight , in a nominal length of '36 in. 
When so specified on individtial orders 
treated sleeving in sizes Nos. 24 to 7, in- 
clusive, may be supplied in continuous 
lengths. 

Methods of Testing 

9. Flexible treated sleeving shall be 
sampled, conditioned, and tested in 
accordance with the Standard hfethods 
of Testing Flexible Varnished Tubing 
Used for Electrical Insulation (A.S.T.M. 
Designation: D 350) of the American 
Society for Testing Materials.'* 

Packing 

10. Unless otherwise specified by the 
purchaser, the treated sleeving shall be 
packed straight in packages conforming 
to usual trade customs. 

Marking 

IL Each package shall be marked 


with the name or trade mark of the 
manufacturer, the total number of feet, 
and' the 'size, .color, .and grade of the 
■ treated sleeving. 

Inspection 

. 12. The treated sleeving ■ shall be in- 
spected and tested within two . weeks of 
the date .of receipt, by the piirciiaser, . 

'Rejection . 

13. If the results of any test do not 
conform to the requirements prescribed 
in . these specifications for the grade 
specified, that test sliaii be repeated on 
two additional specimens from the same 
lot, each of which shall conform to the 
requirements specified. If either of 
these two additional specimens fails, 
the lot of treated sleeving represented 
by that specimen may be rejected at the 
option of the purchaser. 

Rehearing 

14. Samples of rejected material shall 
be preserved for two weeks from the date 
of the test report. In case of dissatis- 
faction with the results of test, the 
manufacturer may make claim for a 
rehearing within that time. 


Tentative Specificatiojts for 

BLACK BIAS-CUT VARNISHED CLOTH TAPE USED FOR 
ELECTRICAL INSULATION^ 



A.S.T.M. Designation: B 373 - 44 T 
Issued, 1933; Revised, 1934, 1936, 1937, 1939, 1944.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, These specifications cover black 
seamless bias-cut varnished cloth tapes 
7 to 12 mils in thickness to be used for 
insulating bus bars, joints and terminals 
of electric wires and cables, and other 
electrical apparatus connections. 

Note. — Orders for material under these 
specifications shall include the following in- 
formation: 

The desired nominal thickness, width, and 
length (Section 10), 

Type of surface, greasy or tacky (Section 3), 

Type of packing, dry or oil (Section 12), 

Number of rolls in package (Section 12 {h) 
and (c)), and 

Marking on package (Section 13). 
Manufacture 

2. (a) Materials . — The cloth and the 
number of coats of varnish applied shall 
be such as to produce a product which 
will meet the requirements of these 
specifications. • : 

(6) Splices. —Splices^ are those joints 
made by the manufacturer of the un- 

i Under the standardkation procedure of the Society, 
these specification® are cinder the jurisdiction^ of the 
A.S.TJd, ' Committee D-9 on Electrical Insulating Ma- 
terials. ^ ^ 

3 Latest revision accepted by Committee E-10 on 
Standards, December 22, 1944. 


treated cloth. Splices shall not occur 
more than once in each roll, except that 
rolls having a length of 6 yd. or less 
shall contain no splices. 

(c) Defects.— In general, the tape shall 
be free from wrinkles, excessive pebbling, 
blisters, and other imperfections. 

Surface 

3. Tapes are roughly divisible into 
two classes: “greasy” and “tacky.” 
Greasy tapes shall have the property of 
sliding freely, one layer upon another, 
when moved easily between two fingers. 

Breaking Strength 

4. (a) The breaking strength require- 

ment varies with the nominal thickness 
of the tape. Let t represent the nominal 
thickness in mils; then, the average 
breaking strength of the specimens shall 
be not less than 35 + — 7) Ib. per inch 

of width. If the first specimen from a 
roll does not conform to this requirement, 
t^ts of two additional specimens from 
the same roll shall be made and the 
average of these three tests shall con- 
form to the above requirement. The 
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breaking strengtii of any of the speci- 
mens tested. shaE be not less than 29 + 
(I — 7) lb. per inch of width. 

(5) The ■ breaking strength of - the 
“jointed selvages” shall be not less than 
80 per cent of the values specified .in 
Paragraph ^ 

■Elongation - ■ ■ 

5. For tapes of nominal width not 
less than 0.5 in., the elongation of 
one specimen from each of the selected 
rolls shall be measured at a tempera- 
ture T between 20 and 30 C. and shall 
be not less than that specified in the 
following table: 


Nominal Load* lb, per inch Elongation* 
Thickness of Tape Width per cent 

7 mils. 5 1.7 + (r-20) XO.l 

Over 7 mils 6 1.7 4* (T — 20) X V.i 


Resistance to Oil 


are the puncture values in volts divided 
by the average of the ten thickness 
readings on the specimens in mils. The 
average of the ten dielectric strength 
values for each Toll as received, shal 
conform to the requirements prescribed 
in Table I. The dielectric strength 
values when analyzed' to determine the 
uniformity of the material shall conform 
to the requirements specified in Para- 
graphs (b) and (c). 


TABLE I.—DIELECTRIC STRENGTH REQUIRE- 
MENTS FOR VARNISHED CLOTH TAPE. 


Dielectric Strength, 
minimum average volts 
per mil 


Nominal TMckness 

As Re- 
ceived 

Under 

6 per 
cent 
Elonga- 
tion 

After 
Hot Oil 

Over 10 mils 

1100 

1000 

1100 

9 and 10 mils, incl 

1000 

900 

1000 

Under 9 mils. 

900 

800 

900 


6. (a) One specimen from each of the 
selected rolls shall be subjected to test 
for resistance to oil as described in the 
methods referred to in Section 11. The 
oil used shall be an insulating oil having 
a flash point of not less than 135 C. 
(275 F.), as determined by the Cleveland 
open cup in accordance with the Stand- 
ard Method of Test for Flash and Fire 
Points by Means of Open Cup (A.S.T.M; 
Designation: D 92) of the American 
Society for Testing Materials.^ The 
varnished film shall show no evidence of 
disintegration in the oil nor flake either 
in the oil or on the blotter used in the 
test. 

(b) The specimens tested for resist- 
ance to oil shall be used for electrical 
tests as described in Section 9. 


(J) Uniformity Within Roll . — The de- 
viation factor for each roll in each ship- 
ment shall be not more than 0.08 when 
calculated as follows: 

Deviation factor of roll = 

h + I 

where: 

h = average of the five highest di- 
electric strength values of the 
roll in volts per mil, and 
I = average of the five lowest di- 
electric strength values of the 
roll in volts per mil. 

(c) Deviation of Each Roll of Shipment 
from Average.— The deviation factor for 
each roll in each shipment shall be not 
more than 0.07 when calculated as fol- 
lows: 


Bieiectric Strength, as Received : ■ 

7. {a) Ten punctures shall be made 
on one specimen from each roll as re- 
ceived. The dielectric strength- values 


*1946 Book of A.S.T.M. Standards, Part III-A. 


Deviation of each roll of _ 
shipment from average ^ ] 

where: ’. 

. a « average-dielectric strength of the 
- ■ , entire shipment' in ' volts" per 
. :mfl, .and ' 
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; I =s average . of the , five lowest di- 
eleetric strength values of the 
roll 'in. volts per mil 

Dielectric Strengths Under Elongation 

8. Five punctures shall be made in- 
side the gage length on each specimen 
.while; elongated to the prescribed value. 
The average of the five dielectriC' strength 
values for each roll shall conform to the 
requirements prescribed in Table 1. 

Note . — In the use of tape it is probable 
that it may be elongated more than 6 percent. 
In order to obtain dielectric strength data at a 
higher percentage elongation, it is recom- 
mended that tests be made at 12 per cent elon- 
gation in addition to the specified 6 per cent 
elongation. 

Dielectric Strength, After Hot Oil 

9. Five punctures shall be made on 
each specimen after the test for resist- 
ance to oil specified in Section 6. The 
average of the five dielectric strength 
values for each roll shall conform to the 
requirements prescribed in Table I. 

Dimensions and Permissible Variations 

10. (a) Thickness , — The nominal 
thickness shall be specified in the pur- 
chase order. The average thickness 
shall be determined from ten measure- 
ments taken on a specimen before testing 
in accordance with Section 7. The 
average thickness shall not vary more 
than plus or minus 0.001 in. from the 
specified nominal thickness, and no in- 
dividual measurement shall vary more 
than plus 0.002 or minus 0.001 in. for 
tapes from 5 to 9 mils in thickness, nor 
more than plus or minus 0.003 in. for 
tapes 10 to 12 mils in thickness, from the' 
specified nominal thickness. 

(i) vl^ width shall 

he specified in the purchase order. In- 
dividual measurements on all the sam- 
ples selected under Section 11 shall not 
vary more than plus or minus ^ in. 
from the specified nominal width for 
tapes 1 in. or ; less in width, ' nor more 


than plus' or minus ft in. for tapes over 

I in. in width. 

(r) Length — The nommal ; length or 
yards per roll shall be specified in . the 
purchase order. The measured lengths' 
of individual rolls selected under; Section . 

II shall be not less than that specified. ; . 

Methods of Testing 

11. {a) Varnished cloth tape shaE be 
sampled, conditioned, and tested in ac- 
cordance with the Te,iitative Methods 
of Testing Varnished Cloths and Var- 
nished Cloth Tapes Used in Electrical 
Insulation (A.S.T.M. Designation: 
D 295) of the American Society for 
Testing Materials.^ 

(J) AE specimens taken from a single 
roll shaE be numbered or marked so 
that failures can be identified with the 
roE. 

Packing 

12. {a) The purchaser shall specify 
whether tape is to be supplied dry or 
immersed in oil, 

(6) Dry Packing, — In the case of dry 
tape, the purchaser shall specify the 
number of rolls per package and whether 
each roE shall be dipped or whether each 
package shall be dipped in a moisture- 
resistant wax or neither or both. The 
wrapping shaE be secure and shall pro- 
tect the contents. 

(c) Packing in Oil, — Oil-immersed 
tape shall be supplied in suitable oEtight 
cans with easily removable lids. The 
purchaser shall specify the number, 
width, and length of roEs to be supplied 
in each can. The type of oE used for 
packing shall be subject to the approval 
of the purchaser. 

Markhig 

13. The purchaser shaE specify ' the 
marking desired on each package or 

< Appears in this publication, see ConteDits in Numeric 
Sequence of ■ A.S.T.M. Designations at front of book. 
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can; unless, the markm^ is definitely 
specified, the package shall conform 
with the usual trade customs. ■ 

Inspection, and Testing 

. , 14. The material shall be inspected 
and tested within three weeks of its 
■ receipt' by the purchaser. 

Rejection , 

15. (a) The purchaser reserves the 
right to reject any part of the shipment 
that does not conform to the require- 
ments for packmg and marking as 
specified in Sections 12 and 13. 

(b) The failure of a sample roll to 
conform to the requirements of one or 
more of the sections enumerated under 
Paragraph (c) shall be counted as only 
one roll failure. 

(c) The failure of 20 per cent or more 
of the sample rolls to conform to the 
requirements of any one of Sections 2 (b) 
and (c)j and 3, 4, S, 6, 7, 8, 9, and 10, 
or failure of 30 per cent or more of the 
sample rolls to meet the requirements of 


any of these sections shall; constitute 
cause for rejection of the entire ship- 
ment without further tests. (See Ex- 
planatory Note.) 

Claims 

16. Rejection claims shall be made to 
the seller in writing within four weeks of 
receipt of the material by the purchaser. 
The results of tests made by the pur- 
chaser on which rejection is based shall 
be furnished to the seller, who shall, 
within one week of receipt of all such 
claims, either agree to satisfy the claim 
or send a representative to the plant 
of the purchaser to resample the ship- 
ment. Samples so selected shall be 
sealed and submitted to an * umpire, 
mutually agreeable to the purchaser and 
seller, whose decision should be final. 

Settlement of Claims 

17. The expense of the umpire tests 
shall be paid by the loser. In the case 
of rejection being established, the seller 
shall pay the freight both ways on the 
rejected material. 


Explanatory Note 


Note.— -T he following illustrates a convenient method of recording failures of sampled rolls: 



“ Two failures (equal to 20 per cent of rolls sampled) under a single section catises rejection under the 20 per cent 
clause. 

^ Three roll failures (equal to 30 per cent of rolls sampled) causes rejection under the 30 per cent clause. 


Tentative Methods of 


TESTING VARNISHES USED FOR ELECTRICAL INSULATION* 



A.S.T.M. Designation: D IIS - 46 T 

Issued, 1946.* 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods cover tests for 
varnishes which are applied by brushing, 
dipping, or spraying and intended pri- 
marily for the purpose of providing 
electrical insulation. The tests appear 
in the following order : 


Density 3 

Viscosity.,... 4 to 6 

Flash Point 7 

Time of Drying 8 

Dielectric Strength of Varnish in the 
Solid State: 

Method A 9 to 13 

Method B 14 to 16 

Heat Endurance (Bend Test) 17 and 18 

Oil Proof Test (Oil Resistance) ...... 19 

Draining Test ( Working Viscosity) . 20 and 21 

Nonvolatile Matter by Weight 22 to 24 

Volatile Matter by Volume 25 to 28 

Dielectric Strength of Varnish in the 

Liquid State 29 to 32 


Test Specimens 

2. (a) For tests which are to be per- 
formed upon the varnish itself, the 
specimen shall consist of an adequate, 
representative sample which, until re- 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.XJl. 
Committee D-9 on Electrical Insulating Materials. 

3 Accepted by the Society at annualmeeting, June, 1946. 

Prior to their present publication as tentative, these 
methods were published as tentative from 1921 to 1941, 
being revised in 1923, 1924, 1925, 1926, 1928, 1529, 1930, 
1931, 1934, 1935, 1936, 1938, and 1939. They were adored 
in 1941 and published as standard from 1941 to 1946. The 
metiiods were 'revised and republished 'as tentative in 1946. 


quired, shall be kept at room temperature 
in a nearly filled, tightly sealed container 
to avoid skin formation and escape of 
solvents. 

(6) For tests which are to be per- 
formed upon the varnish as a film on a 
copper base, copper strips If in, in 
width, 8 in. in length, and 0.005 it 0.0003 
in. in thickness shall be used, unless 
otherwise specified. The thickness of 
these strips shall be measured to the 
nearest 0.0001 in . They shall be cleaned 
first with a suitable solvent, then polished 
thoroughly with No. 000 steel wool, and 
finally wiped free of any fingerprints or 
metal particles with the solvent and a 
lint-free cloth. If the strips are not to 
be used immediately, they shall be kept 
stored in a noncorrosive varnish solvent 
(Note 1). 

Note 1. — ^Toluol- or xylol-alcohol (1 :1) have 
been found suitable cleaning solvents, and V.M. 
& P. naphtha a suitable solvent in which to store 
the strips. 

(c) Test specimens shall be prepared 
after the strips have been wiped clean 
and dry by dipping them into a tank of 
the varnish which has been adjusted to a 
proper consistency and allowed to stand 
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covered .mitil free of air bubbles (not to' 
exceed 1 hr.). The proper consistency 
of the varnish shall be found by trial. 
It shall be such that when the strips are 
dipped into the varnish at a temperature 
: of approximately 25 C. (77 F.) and are 
withdrawn slowly and uniformly at a 
rate to be agreed upon by buyer and 
seller the average thickness of the film 
remaining on each side of a strip when 
dry shall be ’between 0.0009 and 0.0010 
in. (Note 2). In the absence of any spe- 
cial agreement a withdrawal rate of 4 in. 
per min. is suggested. The average 
thickness shall be calculated by averag- 
ing at least six measurements taken along 
the length of the strip and over J in. 
from either edge. Thickness measure- 
ments shall be made in accordance with 
method B of the Standard Methods of 
Test for Thickness of Solid Electrical 
Insulation (A.S.T.M. Designation: D 
374).^ 

Note 2. — It is recognized that the thickness 
cannot be measured with the precision stated, 
but a close control of the thickness of the varnish 
film is desired. With the method specified, the 
actual average thickness should be within plus 
or minus 0.0002 in. of the measured thickness. 

(d) Except where time of drying is the 
property being measured, specimens fol- 
lowing each dip shall be suspended 
vertically in dipping position and dried 
in dust-free air for such times and at such 
temperatures as the buyer and the seller 
agree are suitable. With baking var- 
nishes it may be desirable to allow the 
specimens to drain at approximately 
25 C. (77 F.) until the varnish is set, so 
that an impression left by pressing 
lightly with the finger about 2 in. from 
the bottom edge will remain. When 
specimens are to be given two dips the 
consistency of the varnish shah be read- 
justed if necessary before the second dip, 
and it shall be made in the reverse direc- 
tion to the first. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Density 

Procedure 

3. The density of the varnish shall be 
determined in grams per cubic centimeter 
at 25 rir 1 C. and recorded to the nearest 
0.001 g. per cu. cm. using a wide-mouthed 
25-mL pycnometer of the Hubbard- 
Carmick type (Note). The volume of 
the pycnometer shall be obtained by 
weighing the pycnometer first empty and 
then filled with distilled water at 25 C., 
(77 F.) and dividing the diSerence in 
weight by 0.997. The density shall be 
determined by dividing the weight of 
varnish by its volume. For convenience 
and accuracy a curve shall be plotted 
for each pycnometer showing relation 
between weight of pycnometer plus 
varnish and the density. 

Note. — The Hubbard-Carmick type of pyc- 
nometer permits the escape of air bubbles from 
the more viscous types of varnishes. 

Viscosity 

Apparatus 

4. Viscosimeters used in this test shall 
be kept calibrated over the range of 
viscosity of the varnishes to be tested by 
means of oils verified as to absolute 
viscosity at 25 C. by the National Bureau 
of Standards. A calibration curve show- 
ing the relation between viscosity in ab- 
solute units and the instrument readings 
shall be used. 

Note. — A description of the MacMichael 
viscosimeter as remodeled and improved for 
varnish testing, together with directions for its 
calibration in absolute units, appears in the 
Appendix. 

Procedure 

5. » Sufficient varnish for a test (Section 
2 (a)) shall be brought to a uniform tem- 
perature of 25 ± 0.2 C. and poured into 
the viscosimeter which shall have been 
adjusted to, and shall be maintained at, 
this temperature. The test shall be 
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.made immediately to avoid evaporation, 
or formation of skin on, the surface of the 
varnish. .Results shall be stated in terms 
of .absolute . viscosity, in centipoises 
(Note). ..Two specimens shall be tested 
and The .mean value reported, provided 
the average.deviation of a single observa- 
tion from' the mean is not greater than 
2 per cent.. Otherwise, the instrument 
and method used shall be checked, and 
additional tests made until the average 
deviation from the mean does not exceed 
2per,i:ent. ^ 

Note.— "The absolute viscosity of a material 
or its viscosity in absolute units (c.g.s., poises) 
has been defined as the force in dynes required 
to move, at a velocity of 1 cm. per sec., one sur- 
face having an area of 1 sq. cm, past another 
parallel like surface 1 cm. away, overcoming the 
resistance to shear of the material filling the 
space between. One centipoise = 0.01 poise. 

Report 

6. The report shall include the fol- 
lowing: 

(i) Individual viscosity readings in 
centipoises and corresponding varnish 
temperatures to the nearest 0.1 C. 

{2) Mean value of the viscosity in 
centipoises, 

(J) Average deviation of individual 
observations from the mean viscosity in 
centipoises and in percentage of the 
mean, and 

{4) Type of viscosimeter used. 

Flashpoint 

Procedtire 

7. The flash point shall be determined 
in accordance with the Standard Method 
of Test for Flash Point by Means of 
the Pensky-Martens Closed Tester 
(A.S.T. M. Designation: D 93).^ 

■ Time of Drying' 

Procedure 

8. (a) Specimens shall be dipped once 
as described in Section 2 (c) and sus- 
pended for drying in dust-free air at such 

« 1946 Book of A.S.T.M. Standards, Part III-A. 


temperature as the purchaser and the 
seller .have agreed upon. (Mote ,1). At 
the end of the fi,rst 30 min, and, again at . 
the end of each 10-niin.. period the.reafter, , 
one specimen, shall be taken from the' 
oven and examined. In the case of 
slow-dr 3 ring varnishes these periods .may 
be lengthened at the discretion of' t.he 
operator. 

Note 1. — 'Where an oven is used its particular 
size and ventilation have a co.nsiderable effect 
on the drying time of varnishes. It is prefer- 
able that the oven conform with some definite 
or standard specification such as that given in 
the Tentative Method of Test for Loss on Heat- 
ing of Oil and Asphaltic Compounds (A.S.T.M. 
Designation: D6).‘* 

(5) The varnish shall be considered dry 
(Note 2) when a piece of kraft paper If 
in. in width, 6 in. in length, and approxi- 
mately 0.0025 in. in thickness does not 
adhere to the varnish when it is pressed 
on the surface of the varnish for 1 min. 
by a cylindrical 1-lb. weight, 1 in. in 
diameter. The kraft paper shall be ap- 
plied in the vicinity of the center of the 
specimen and at right angles to it. The 
test shall be made at a temperature of 
approximately 25 C. (77 F.). 

Note 2. — ^The drying time of varnishes may 
vary with the base on wdiich the varnish is dried. 
It should not be expected that varnishes will dry 
alike on all materials or even on all metals. 
Certain types of varnishes dry with what is 
commonly knowm as “tack,’’ but these types are 
rare. However, when testing them for drying 
time, it will be found that the kraft paper adheres 
to the varnish film and offers a certain amount of 
resistance to removal. On continued drying, 
the resistance to removal reaches constancy and 
is not changed by further drying. Therefore, 
the drying time is reported as the number of, 
hours required to first reach constancy and. the 
varnish should be reported as drying with a 
“tack.” 

Dielectric Strength of; Dried 
Varnish Film, . 

A \ ' . .. 

Purpose 

.9.- {G).-This method determines the 
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suitability of an insulating varnish for 
use in certain electrical applications by 
determining its dielectric strength under 
different conditions of temperature and 
after immersion in water. Method A 
provides for the determination of dielec- 
tric strength under the conditions listed 
in Section 12. ■, 

(5) Much more information about a 
varnish can be obtained by making the 
test under all three conditions listed in 
Section 12 than by making it under only 
one condition. The relation which the 
dielectric strength tests for a given var- 
nish show to one another is of quite as 
much significance as the values for the 
different tests considered separately. 

Electrodes 

10. Tests shall be made betw^een two 
metal cylinders, 2 in. in diameter, and 
with edges rounded to a radius of | in. 
The pressure between electrodes shall be 
approximately 1.1 lb. 

Test Specimens 

11. Two specimens for dielectric 
strength tests shall be prepared as de- 
scribed in Section 2, except that copper 
sheets 8-in. square and 0.005 in. in thick- 
ness shall be used. Each specimen shall 
be dipped twice and the final thickness 
of the film of varnish on each side of the 
specimen shall be between 0.0018 and 
0.002 in. 

Conditioning 

12. The dielectric strength shall be 
determined under the following condi- 
tions: 

(/) At room temperature in air 
(Note 1), 

(2) At 75 C. in air (Notes 1 and 2), and 

(5) At room temperature on specimens 
which shall have been immersed in water 
at a temperature of approximately 25 C. 
(77 F.) for a period of 24 hr. (Note 3). 

Note 1. — Dielectric strength deterndnations 
may also be made in oil at room temperature 
and at 75 C. (167 F.). With this exception the 


procedure, for test, is the same as outlined above. 
If tests are made in' oil, this, fact shall, be defin- 
itely reported with the results. 

Note 2.— The tests at ,75 C. (167 F.) shall be 
made in air in an analytical type of electrically 
heated oven. The electrodes shall be at oven 
temperature before the test is started. Tests 
should be started 15 min. after the specimen has 
been introduced into the oven and placed be- 
tween the electrodes, and completed before 15 
min. additional have elapsed. 

Noti^ 3 . — 111 testing specimens after immer- 
sion in water, only one specimen should be re- 
moved from the water at a time. The specimen 
after removal from the water should be carefully 
dried by placing between sheets of dry blotting 
paper and pressing down gently with the hand 
over the entire surface. If necessary, the blot- 
ting procedure should be repeated until the speci- 
men is free from surface moisture. The speci- 
men should then be tested immediately. If spe- 
cimens are allowed to remain out of water for 
even a short time before testing, they dry out to 
a greater or less extent and the test is likely to 
be misleading. 

Procedure 

13. (a) The dielectric strength shall 
be determined in accordance with the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Ma- 
terials at Commercial Powder Frequencies 
(A.S.T.M. Designation: D 149)^ using 
the short-time test and increasing the 
voltage at the rate of 0.5 kv. per sec. 

{b) Ten punctures shall be made, five 
on each of two specimens, 

(c) After testing, the thickness of the 
specimen shall be determined by making 
five measurements on a strip cut diag- 
onally across the specimen. The meas- 
urements shall be spaced approximately 
equally along the strip. The average of 
the five measurements, less the thickness 
of the copper, shaU be used for calculating 
the dielectric strength in volts per mil. 

Method 

Test Specimens, 

14. (a) Specimens for the dielectric 
strength test shall be made from pieces 

5 This method is that described in Bureau of Ships 
M Interim Specification S2V13 (INT) for Varnish, Insu- 
lating (Electrical), November 1, 1943. 
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of smootii sheet copper approximately' 
8 in,, in length,. 3,5 in. in width, and 0.005 
in. in thiclmess, thorough^ cleaned with' 
xylol-alcohol solvent (1:1) and nibbed 
dry ' with clean oheesecloth . Two sheets 
shall be placed together and sealed at 
the edges so that the varnish film is ob- 
tained on one side of each copper sheet 
only. . The .'.assembly . shall ■ be dipped 
twice in the varnish to be tested, once in 
each direction in order to give a more 
uniform thickness of coating. The dip- 
ping shall be done at room temperature 
of approximately 25 C. (77 F.) and 50 
per cent relative humidity. The consis- 
tency of the varnish shall first have been 
so adjusted by trial that, when dry, the 
final thickness of the film of varnish on 
one side of the specimen shall be not less 
than 0.0018 nor more than 0.002 in. 
The varnish shall have been allowed to 
stand until free of air bubbles. 

(b) Specimens of air-drying varnish 
shall be dried in free air after each dip 
in the same vertical position in w’^hich 
they were dipped, at approximately 25 C. 
(77 F.) and 50 per cent relative humidity 
for a period of 24 hrs. Specimens of 
baking varnishes shall be baked after 
each dip in the same vertical position in 
which they were dipped, at 100 C. (212 
F.) for 16 hrs., or at such temperature 
and for such time as specified by the 
.manufacturer. 

Conditioning . ■ . 

15. Specimens shall be tested without 
further treatment following drying or 
baking, and also after a 24-hr. immersion 
in distilled water at approximately 25 C. 
(77 F.). Specimens of baking varnish 
shall be allowed to cool IS min. before 
immersion. Upon removal from the 
water,: the. surface water shall be wiped 
off and dielectric strength tests made 
immediately. 

Procedure 

16. (n) The specimens which were 
fastened together for dipping and drying 


or baking shair..be separated , without 
bending, and the dielectric strength ' of ■ 
each film shah be determined sepa.rat.ei.y. . 
Using electrodes as described in . Section 
10,; an alternating test potential shall be 
applied at a low^ va.lue and gradually 
raised at a rate such that puncture will 
occur in approximately 10 to 15 secs. 
The frequency of the test potential shall 
not be greater than 100 cycles per sec., 
and each part of the testing apparatus 
shall have a continuous rating of not less 
than 2 kva. (preferably larger). The 
wave form shall be a sine curve, and the 
voltage shall be measured by an approved 
method. The voltage may be controlled 
by any approved method which does not 
distort the wave more than 10 per cent 
from a sinusoidal shape and w^hich does 
not subdivide the voltage in steps greater 
than 500 v. 

(b) Ten punctures shall be made at 
various points on the specimens. 

(c) Ten thickness measurements shall 
be made with a dial- type micrometer on 
each copper panel and at the same points 
on the coated panels. The difference in 
averages of these two sets of measure- 
ments shall be used as the thickness of 
the varnish film on each panel in calcu- 
lating dielectric strength in volts per mil. 
The breakdowm voltage shall be reported 
for each of the 10 tests, together with the 
average volts per mil and the average 
film thickness. 

■ Heat Endurance Test ' 

Procedure 

17. (a) Test specimens, which have 
been dipped and dried twnce as described 
in Section 2 (b) to (d) to give a coating 
0.0017 to 0,0021 in. in thickness on each 
side of the copper (ISrote 1), shall be 
placed in a uniformly heated oven (Notes 
2 and 3) in which the temperature shall 
be maintained at 105 to 110 C. (221 to 
230 F.) (Note 4). A specimen shall be re- 
moved at the end of the first 24 hr,, and 
every 24 hr. thereafter. 
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■ ' Hote I.— As tHe of ' the copper in- 

fluences the result of the test, the specimens for 
the heat; endurance test should he prepared by 
cutting the copper strips parallel with the direc- 
tion of roiling. 

, NoI'E', 2. — The, size oven and 'the amount of 
ventilation have a considerable effect on the heat 
endurance of varnish films. For this reason the 
analytical type of electrically-heated oven should 
be used, and if different ovens are used they 
should be checked with control samples in order 
to determine whether they will yield comparable 
results. 

Note 3. — Because of temperature variations 
between different levels in the oven, the speci- 
men should be placed in the oven with the 8-in. 
dimension horizontal and the l|-in. dimension 
vertical. AH specimens should be at the same 
level in the oven, ; 

Note 4. — The temperature of the oven should 
be held as closely as possible to the mean (107.5 
C., 225.5 F.). A difference of 5 C. (9 F.) in this 
temperature range, when continuously main- 
tained, has a very considerable effect (approxi- 
mately 25 per cent) on the life test of a varnish. 

(5) Each specimen, after heating, shall 
be tested at a temperature of approxi- 
mately 25 C. (77 F.) by bending it 
through 180 deg. around a rod 0.125 in. 
in diameter. 

Report 

18. The number of hours of baking of 
the specimen which first showed cracking 
of the varnish film when bent around the 
rod shall be reported, together with the 
make and type number of the oven used. 

Oil Resistance 

Procedtire ■ 

19c Two inches shall be cut away 
from one end of test specimens which 
have been dipped and dried twice as de- 
scribed in Section 2 (&), (c), and (c^). 
Four inches of the cut ends of the speci- 
mens shall be immersed for 48 hr. in 
transformer oil at 105 to 110 C. (221 to 
230 F.). A container of oil like that in 
which the specimens have been immersed 
shall be heated similarly. The trans- 
former oil shall conform with the require- 


ments given .in Table , !: ■ The specimens 
shall be wiped with a dry, .clean, white 
cloth and the specimen, the. oil, and the 
cloth shall be examined to, determ,ine 
whether or not the .varnish .has .been 
affected. The following shall be inter- 

TABLE I. TRANSTORMER OIIL REQUIREMENTS,® 


Aniline point, deg ISO to 170 

Color. 1 

Flash point, min. deg. Cent.. . . . 130 

Free and corrosive sulfur none 

Neutralization number, max 0.02 

Specific gravity, 15.56/15.56 C... 0.885 to 0.900 
Viscosity, Say bolt Universal at 
100 F., sec. . 50 to 60 


“ Aniline point shall be determined* by the Tentative 
Method of Test for Aniline Point and Mixed Aniline Point 
of Petroleum Productsf A.S.T.M. Designation: D 611)* 
and all other values by Standard Methods of Testing Elec- 
trical Insulating Oils (A.S.T.M. Designation: D U7)s 
In the latter method neutralization number shall be deter- 
mined by the Tentative Method of Test for Acid and Base 
Numbers of Petroleum Oils by Color- Indicator Titration. 
(A. At.M. Designation: D 663). 4 

preted and reported as evidence of 
attack: 

(I) Soiling of the cloth, which appears 
due to softened or disintegrated var- 
nish, 

{2) Blistering, wrinkling, disintegra- 
tion, or separation of the varnish films, 
and 

(J) Discoloration produced by the 
specimens in the containing oil (Note). 

Note. — Discoloration produced by heat 
alone (which should be slight in a satisfactory 
test oil) shall be discounted by comparison with 
the ‘‘blank,” With black varnishes, slight 
bleeding of color into the oil is not to be regarded 
as evidence of failure, if there is no other evidence 
of attack. 

. Draining Test 

(Also known as ^Working Viscosiif^ 
Test) 

Procedure 

20. A strip of sheet copper or brass If 
in. in width, 14 in. in length, and 0.005 
d= 0.0003 in. in thickness shall be im- 
mersed in the varnish (see Section 2 (a)) 
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at approximately 25 C. (77 F.) np to a 
line previously drawn across the Strip 1 
in. from the top. . The varnish shall be 
free of air bubbles. The strip shall be 
withdrawn at' a slow, and uniform rate 
(about 15 in. per min.) and shall be 
allowed' to drain .thoroughly at room 
temperature while suspended vertically. 
It shall then be dried .as described in 
Section, 2 (d) and its thickness measured 
at points 2, 7, and 1.2 in., respectively, 
from the line to which the specimen was 
im.iiiersed. ' 

Report 

21. The thickness of each film in mils 
at the three points specified in Section 
20 shall be recorded. The difference be- 
tween the thickness at the upper point 
(2 in.) and that at the lower point (12 in.) 
shall be taken as a measure of the varia- 
tion in the film thickness caused by 
draining. 

Nonvolatile Matter by Weight 
Apparatus 

22. The apparatus shall consist of the 
following: 

(a) Chemical Balance. 

{b) Thermometer —K glass thermome- 
ter having a range of 0 to 150 or 200 C. 
and accurate within 1 C. 

{c) Oven. — A constant-temperature” 

oven. 

(d) Bottle and Drying Dishes. — A stop- 
ered bottle and flat-bottom metal drying 
dishes. Each metal drying dish shall 
have an inside diameter of approximately 
2| in. and a depth of approximately 
^ in. 

Note.— A standard single-friction, tin can 
cover having a diameter of 2xf in. is suitable for 
use as a drying dish. 

Procedure 

23. (a) Preparing Specimens. — A por- 
tion of the sample of varnish (Section 2 


■(ij)) shall be placed in a stoppered bottle 
or weighing pipette' and weighed. A 
specimen .weighing approximately 1.5 g. 
shall' be transferred from the weighed 
stoppered bottle to a weighed drying 
dish which has previously been heated 
for 30 min.mt 135 C. and cooled in a 
desiccator. The stoppered bottle with 
the remaining contents shall be weighed 
again. The exact w^eight of the specimen, 
transferred to the drying dish, shall be 
determined by differe.nc.e. A total of 
three specimens shall be prepared from 
the contents of the stoppered bottle. 

(b) Drying Specimens. — The speci- 
mens shall be placed in the constant- 
temperature oven, within 30 min. after 
preparation. The specimens shall be 
heated for a period of 3 hr. at the tem- 
perature designated, as follows: 

Impregnating varnishes of the 

phenolic-resin type 132 to 138 C. 

Other types of insulating 

varnishes 105 to 1 10 C. 

Note. — In a gravity t 3 ^e of oven which de- 
pends upon the natural circulation of air for 
uniformity of temperature, only one shelf must 
be used for supporting the specimens, and the 
bulb of the thermometer for indicating the tem- 
perature shall be in close proximity to the spe- 
cimens. 

(c) Weighing Dried Specimens . — ^At 
the termination of the 3-hr. heating 
period, the specimens shall be removed 
to a desiccator and cooled to room tem- 
perature. Each specimen shall be 
weighed immediately upon removal from 
the desiccator. 

Calculation and Report 

24. {a) The percentage of nonvolatile, 
matter by weight shall be calculated as 
the ratio of the weight of the dried speci- 
men to the weight of the specimen in the 
original state expressed as a percentage. 

(5) The report shall include the fol- 
lowing: 

(i) Type of varnish tested, 
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(2) Oven temperature, and ' 

(3) Percentage of nonvolatile matter. 

' Volatile Matter by Volume 
Ptsrpose . 

25. The purpose of this test is to de- 
termine the volume percentage of volatile 
matter (solvent) in a varnish, and to 
afford a means of arriving at the volume 
composition of the varnish with respect 
to volatile (solvent) and nonvolatile 
(base) constituents. 

Procedure' 

26. (<z) About 100 ml. of varnish (Sec- 
tion 2 (a)) shall be distilled in accordance 
with the Standard Method of Test for 
Distillation of Gasoline, Naphtha, Kero- 
sine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86).^ The 
distillation shall be “qualitative” instead 
of “quantitative” as given in Section 4 
of the Standard Method D 86; that is, 
it is not necessary to record the volume 
of distillate recovered or the temperature 
of the initial boiling point or end point. 

(b) The distillation shall be continued 
until a suitable end point indicates that 
all the volatile matter (solvent) has been 
distilled off. 

Hoxe. — In the distillation of varnishes the 
end point differs with the various types and 
compositions. In all cases, however, the rate 
of distillation slows down as the end point is 
approached and, when the end point is reached, 
acrolein (formed in the decomposition of the 
varnish base) is evolved and may be detected by 
its characteristic odor. In addition to the evo- 
lution of acrolein, the following phenomena are 
suitable indicators of end point: 

(1) When the end point of the solvent is 
considerably lower than the initial boiling point 
of the base, the end point of the distillation is 
indicated by the temperature reaching a maxi- 
mum and then starting, to fall consistently, or 

(2) When the end point of the solvent and 
the initial boiling point of the base are too close, 
or overlap, the above temperature drop does 
not occur. The end point of the distillation is 
then indicated by a sudden foaming up of the 
residual base in the distillation flask; or, if the 
distillation has been accompanied by foaming, 


the end point is indicated by a breaking of 
surface tension with a consequent cessation of 
foaming. 

(c) Density —The density of the vola- 
tile matter (solvent) recovered by dis- 
tillation shall be determined in accord- 
ance with the procedure described in 
Section 3. 

Calculation 

27. {a) Volatile Matter by WeighL— 
The difference between 100 per cent and 
the percentage of nonvolatile matter 
determined in Sections 22 and 24 shall 
be calculated and recorded as the per- 
centage of volatile matter by weight 

(6) Volatile Matter by Volume : — The 
percentage of volatile matter by volume 
shall be calculated as follows: 


AC 



where: 

= percentage of volatile matter by 
volume, 

A — density of the original varnish, as 
determined in Section 3, 

B — density of the volatile matter 
(solvent) recovered by distillation, 
as determined in Section 26{c)j and 
C == percentage of volatile matter by 
weight, as determined in Para- 
graph (o). 

Reproducibility of Results 

28. With proper care and attention to 
detail in making this test, differences oc- 
curring between different laboratories 
should not exceed 2 per cent for varnishes 
containing solvents which have end 
points not over 235 C. (455 F.) and 
should not exceed 4 per cent when the 
end point of the solvent is as high as 
307.2 C. 

Dielectric Strength oe Varnish in 
THE Liquid State 

Purpose 

29. The purpose of the dielectric 
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.strength, test , of: varnish in, the .liquid 
state„is to insure, that the varnish is .free 
.from moisture and. foreign matter such 
as might come: from.' unclean shipping 
containers.. 

Procedure 

^ 30. (a). The dielectric , strength shall 
be ■.dete.rmined in accord.ance with the 
method for liquids described in the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Ma- 
terials at Commercial Power Frequencies 
(A.S.T.M. Designation: D 149)^, except 
as specified in the following Paragraphs 
{b) to (A) and Section 31, 

(6) Conditioning , — -The temperature 
of the varnish when tested shall be ap- 
proximately 25 C. (77 F.) 

{c) The sample of the varnish shall be 
shaken so that it will be thoroughly 
mixed before filling the test cup; the 
shaking shall be done gently to avoid the 
formation of bubbles. 

(i) The cup shall be filled with varnish 
to a height of not less than f in. above 
the top of the electrodes. 

{e) The varnish shall be allowed to re- 
main in the test cup until all air bubbles 
have disappeared. 

(/) Voltage shall be applied and in- 
creased uniformly at the rate of ap- 
proximately 3 kv. (rms. value) per sec. 
until electrical breakdown occurs as in- 
dicated by a continuous discharge across 


the gap. (Oecasknal .momentary,, dis- 
charges w^hich do not result, in a .per- 
manent arc may occur; these should be 

disregarded.) 

(g) After,, the breakdown .and, before 
removing the varnish from the test cup^ 
the electrode surfaces shall be rubbed 
thoroughly with dry calendered tissue 
paper wrapped around a knife blade to 
provide stiffness. The test cup, shall 
then be emptied and immediately refilled 
with the next filling of varnish to be 
tested. 

{h) Five fillings shall be tested in con- 
formity with the above procedure, and 
the last filling of the cup shall drain the 
sample container. 

Variations in Results 

31. Differences as great as IS per cent 
may occur between different laboratories 
in the results of this test. This is con- 
sidered satisfactory in view of the pur- 
pose of the test. 

Report 

32. The report shall include the fol- 
lowing: 

(I) Kilovolts (rms. value) at each 
electrical breakdown, 

{2) Average value of the five break- 
downs in kilovolts, and, 

(J) Mean deviation from the average 
value expressed as a percentage of the 
average breakdown value. 


(See Appendix, p. 512) 


512 


Tests tor Insxjeatihg Varnishes {D 415 - 46 T) 
■ APPENDIX. 


' ; DesCRIRTION AND' USE OE REMODELED' MacMiCHAEL VISCOSIMETER TOR ' 

\ Determining Viscosity OF Insulating Varnishes 

Al. Apparakis. — Tlie viscosity of ' varnishes urements are desired at temperatures approx- 
may be determined by means of the remodeled imating that of the room (used on varnishes and 
MacMichael Viscosimeter' shown in Figs. 1, 2 oils). 

and 3. This mstrument gives the viscosity / is the heating unit wMch is used in place of 

values in , terms of MacMichael degrees which 1 when viscosity measurements are made at 

are converted into absolute units of viscosity high temperatures (used on compounds), 
(centipoise) by means of the calibration curves K is the contact which carries the electric 
of the various suspending wires. current to the heating unit cup J. It can be 

{a) Apparatus UnassembkA—ln Fig. 1 the swung back when using cups il and I and when 
apparatus, consisting of the following parts, is therefore electric heating is not desired, 
showm unassembled: X is the counter which indicates the re volu- 

A is the indicator by means of which the tions per minute of the turntable M, A trip 
zero is adjusted and readings on scale D are arrangement allows this counter to be lowered or 
taken. raised, thus throwing the counter in or out of 

S is the insulated wire suspension, the torsion operation at will, 
of which measures the viscosity. The wire is M is the rotating turntable in which 1 or 

fastened only at the bottom of its insulating J are set. A locking device (not shown) locks 

sleeve E'. This is suspended by hanging it on I ox J securely to the turntable M so that when 

points P'. (Ten wires of different size to cover the turntable rotates the water bath or heating 

various ranges of viscosities are supplied.) unit with the sample container also rotate. 

C is the clamp screw which clamps the hollow N is the enclosing case under which is the 
spindle E to the sleeve E' which holds the tor- motor and governor shown in Fig. 3. These 
sion wire P. operate turntable M. 

D attached to hollow spindle E is the dial on 0 is a rheostat which controls the current 
which are calibrated the degrees MacMichael going to the heating unit J. 

(300 deg. to the circumference). By means of O' is a rheostat controlling current for mofor 
this dial and indicator A the degrees deflection (shown only on remodeled instruments), 

are determined as indicated in the method de- P is the knife switch (snap switch on new type 
scribed below. machine) controlling the current for the heating 

M is the hollow vertical spindle inside of unit J. 

which is the torsion wire sleeve P' which con- R is the push button which controls the elec- 

tains torsion wire B. trie current operating the motor shown in Fig. 3. 

P is an oil-filled dash pot which acts as a B is a leveling screw to level the instrument, 

brake to deaden oscillations and bring the Another such screw (not shown) is directly 

suspension to rest quickly when making a de- opposite to this one. 

termination. The dash pot swings between arm T is the governor screw that adjusts the 

guides P' when the machine is assembled. speed of the motor by adjusting the governor 

G is the brass disk which is attached to the shown in Fig. 3. In the remodeled apparatus 

bottom of vertical spindle E. Torsion wire B the speed of rotation of turntable M can be 

and P' is inserted into E and clamped with decreased by moving the large gear in gear box 

screw C and the disk G is then suspended in the away from the motor until pin of motor shaft is 

liquid whose viscosity is being measured, Ro- disengaged from slot of gear sleeve. The in- 
tation of the sample cup P rotates the liquid and strunient is sent out with gear in low-speed 

the rotating liquid exerts a certain force on the position; to obtain high speeds shift gear toward 

disk G partially rotating it and thus a torsion is motor until pin is engaged, 
produced in the wire suspension B, the deflec- U is the measuring device used to measure 
tion of which (or degree of torsion) is read from the depth of the liquid in container H. 
the scale on deflecting disk D, p are the projecting points on which the 

E is the container which holds the sample, assembled spindle, namely, insulated torsion 
A locking device fastens it securely to J or /. wire suspension B and P', spindle and deflec- 
I is the water bath used for securing a uni- tion dial D, and immersed disk G are suspended, 
form temperature in the liquid whose viscosity {h) Apparatus AssemUed for Test.—ThQ ap- 
is being determined, when these viscosity meas- paratus is shown assembled in Fig. 2 for viscos- 



Fig. 1. — Improved MacMichael Viscosimeter Apparatus, Unassembled. Fig. 2, — Improved MacMichael Viscosimeter Apparatus Assembled 

for Testing Vainisti or Oil, . 
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ity determinations on oil or vamisli. Explana- Use water bath. I to secure and maintain the 
tory letters refer to the same parts as in Fig. l, temperature of the sample in H when testing 
(c) I nternd Structure of Apparatus , — In Fig. varnishes or oil. 

3 are shown In the internal structure and cup Insert container H into water bath I. See 
and heating unit assembled for testing com- that they are properly locked together, thea 

pounds. The explanatory letters refer to the lock bath I on turntable M, 

following: Choose the proper torsion wire suspension for 

F is the motor whiA operates the turn- the liquid to be tested. Experience is the best 

table M. guide to determine what suspension to use. 

W is the governor controlling the speed of the Screw the disk G to the spindle E, and insert 

turntable into E the proper insulated torsion wire sus- 

J are the leads to connect instrument to pension E\ Suspend these assembled parts 

liO-v. a^c. or d-c. lighting circuit. from points p so the disk is suspended in the 



Fig. 3. Improved MacMichael Visosimeter Apparatus Showing Internal 
Structure and Cup and Heating Unit for Testing Compounds. 

F is the clamp holder for holding the spindle container H, Be sure always to s 

E with its dial D, when the machine is not in wire on the points p with the flat 

use (remodeled machines). triangular button against the flat 

The heating unit J and the sample container supporting arm. The rounded sui 

H are here shown assembled as used in the triangle must face out towards ti 

viscosity determinations on compounds. Tightly fit the cover of the dash p 

A2. Directions for Making Viscosity Mtas- arm guides E'. 
urements on Varnish , — Cups and disks must be See that the instrument is pet 
perfectly clean. Otherwise reliable results can- Use leveling screws S to adjust the 

not be obtained. The instrument is level when the 

Dash pot F on the stem of the spindle should sleeve E swings exactly in the centei 

be two-thirds full of a medium grade of good of the cover on the dash pot. 

machine oil (Etna Engine or AppoUo) in order Adjust the speed of the tumi 
to dampen vibrations. This should be checked eac 
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terminations are made. Use tlie governor screw 
T to adjust the' speed of, the motor. The, gear, 
in the, gear box, referred to under- T .in' the 
description .of Fig. 1, should, be, in high ' speed 
position, that is, Towards the motor. Use a 
stop, watch to adjust , the speed. After the 
speed is adjusted, lower the counter i,so it will 
not operate during the following procedure. 

' ' NoTE.—The deflection is directly propor- 
tional to the speed of rotation. The 60 rpm.' 
must therefore be maintained when the varnish, 
oil or compound is in the cup. It is, therefore, 
necessary to check first, ' the revolutions per 
minute without the disk suspended in the 
sample, and again, when running a determina- 
tion with the disk ' suspended in the sample. 
The motor must give, the same number of revo- 
lutions per minute in each case and this value 
must be the same as was used for calibrating 
the suspension. 

When the instrument is level, adjust the indi- 
cator A to the zero mark on the dial D, when 
the spindle is suspended in the air, by moving 
the indicator as necessary. When the indicator 
has been set it must not be moved again until 
the test has been completed. 

Fill the container E with the sample to be 
tested to a depth of 3.5 cm. A special device 
V is provided to measure this depth. Lay this 
device across the cup so the pointed end pro- 
jects into the cup. When the surface of the 
liquid just touches the point, the depth of the 
liquid in the cup is 3.5 cm. 

Raise or lower the temperature of the oil or 
varnishes to 21 C. by adding hot or cold water 
to the water bath, always stirring the sample 
well until a uniform temperature is secured. 
This is imperative. The sample may be stirred 
by rotating the sample cup frequently. It may 
also be, stirred' by lifting the 'spindle from the 
points p and stirring with -the disk Upholding the 
spindle by the barrel E and stirring by giving 
the' disk an ' up-and-down movement in the 
sample cup. In the case of compounds, it is 
, necessary to stir in this manner. In testing 
varnishes and oils,. usually sufficient stirring can 
be obtained by rotating the cup while .holding, 
; the barrel E to keep the disk stationary. If the 
spindle is removed .from the points .it must 
always be suspended again with the .same flat 
side of the supporting triangular button against 
the supporting, arm so that the -zero position is 
not changed. 

If wffien resuspending the- spindle from points 
p it is noted that the zero point has moved, do 
not reset the indicator A as the change probably 
is due to some torsional effect produced by the 
sample. This may be especially noticed when 


testing .compounds. Rotate the cup and take 
't.he .reading without resetting, the, i'lidicator. 

' ■ When reading the therm,ometer 5 have the 
bulb in the sample midway between the, disk 
and the container wall and not, resting on^ the 
bottom. Test the temperature at var'bus points 
in the container to determine whether a .uni-,, 
form temperature has been secured. 

When a uniform temperature of 21 C. is 
secured, start the cup rotating by closing' the 
switch R. Keep a hand on, the switch and watch 
the scale on the disk D. If there is any danger 
that the deflection will go beyond the maximum 
limit for the suspension being used, open the 
switch immediately. Insert the next strongest 
wire suspension into the spindle and repeat as 
above indicated. When changing suspensions 
it is necessary to again set for zero. This may 
be accomplished without removing the sample 
by simply removing the water bath with its 

TABLE ir.~MAXIMUM AND MINIMOT LIMITS 
FOR SUSPENSIONS. 


Suspension 
Number (B. & S. 
Gage No.) 

Mini- 
mum 1 
Deflec- 
tion, 
deg. 

1 Mac- 
‘ Micbael 

Approx- 

imate 

Equiva- 

lent 

Centi- 

poise 

Reading 

Maxi- 

mum 

Deflec- 

tion, 

deg. 

Mac- 

Michael 

Approx- 

imate 

Equiva- 

lent 

Genti- 

poise 

Reading 

30 (Weakest) .... 

i 30 

18 

125 

89 

28. 

20 

35 

100 

200 

26 

i 7.5 

30 

35 

175 

24 

i s 

70 

32.5 

400 

22 

10 

200 

45 

975 

21 

5 

225 

40 

1800 

20 

10 

750 

50 

4200 

18.. 

4 

700 

24 

4000 

16. 

2 

750 

11 

4000 

14 (Strongest).. . 

1 

1375 

5 

5500 


sample container S’, and then suspending the 
spindle with its new suspension on p, and level- 
ing and adjusting as described above. It is 
necessar}^ of course, to thoroughly clean the 
disk G when doing this, for if any varnish film 
should dry on the disk, the uneven or rough 
surface thus produced on the disk would cause 
an erroneous reading. A suspension wire 
should never be allowed to deflect beyond its 
maximum limit, for beyond this point a per- 
manent set would be produced in the wire and a 
new calibration of the wire would have to be 
made or probably a new wire would have to be 
used. Table II gives a maximum and mini- 
mum limit for suspensions now in use. If the 
deflection is less than this minimum limit, the 
next weakest suspension must be inserted and 
the test repeated. The reason for this is that 
at low deflections a change in slope appears on 
the calibration curve of the MacMichael de- 
grees ^mus pentipoises. The percentage error 
is magnified here, and hence, a reading that 
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comes up Mglier in '. the calibration curve should 
be used. The maximum limit given may not 
be the limit to which it is permissible to deflect 
the wire in order to prevent its acquiring a 
permanent set. It, however, happens to be 
the limit of the calibration curve available for 
that suspension when the wire was calibrated. 

Record the deflection in degrees MacMichael 
and read the viscosity in centipoises from the 
calibration curve of the suspension used. 

Note 1. — Before any sets of suspensions are 
used, they must be calibrated as described in 
Paragraph A3. ■ ■ 

Note 2.— The Mowing table gives the di- 
ameter of the wires (new American music wire 
gage) used in maldng the suspensions and the 
maximum limit of torsion in degrees Mac- 
Michael to which they may be subjected before 

they acquire a permanent set: 


Suspension Number 
(B.&S.GageNo.) 

Diameter 
of Wire, in. 

Torsional 
Limit, deg. 
MacMichael 


0.0100 

125 


0.0126 

118 


0.0159 

110 


0.0201 

102 


0.0254 

92 


0.0285 

81 


0.0320 

73 


0,0403 

55 


0.0508 

35 

14 (Strongest) 

0.0641 

5 





Vaekishes (D 115 : - , 

■' Note 3. — Not ail,, of the suspe.nsions. noted, 
in the table in Note 2 are required in testing 
varnish. Suspensions 22, 21,: and 20 will be ' 
sufficient for practically all varnishes. The , 
heavier wires 18, 16, and 14 are used for very 
viscous materials. 

A3. Calibration of Suspensions.— Fox the 
calibration of the torsion-wire suspensions used 
in this apparatus to measure viscosity, samples 
of oils verified as to absolute viscosity at 25 C. 
are available from the National Bureau of 
Standards. A sufficient number of oils to 
cover the range of viscosity desired should be 
procured. New samples should be obtained at 
least once a year as it has been found that the 
oils undergo some change on standing over long 
periods. The calibration of the wires is made 
by testing the certified samples of oils at 25 
d= 0.2 C., following the directions given In 
Paragraph A2. 

The degrees MacMichael obtained for each 
suspension on each sample are plotted against 
corresponding National Bureau of Standards 
absolute viscosity figures (centipoise) for those 
samples and a line is drawn through these 
points. The line should be straight except pos- 
sibly at low deflections where the error is cor- 
respondingly high. Once every two months the 
suspension should be recalibrated. 


Tentative Methods of 

TESTING VARNISHED CLOTHS AND VARNISHED CLOTH 
TAPES USED IN ELECTRICAL INSULATION^ 



A.S.T.M. Designation: B 295 ~46T 
Issued, 1928; Revised, 1929, 1932, 1933, 1934, 1936, 1937, 1938, 1943, 1944, 1946.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, These methods cover procedures 
for the testing of varnished cloths and 
varnished cloth tapes (Note) to be used 
as electrical insulation and are directly 
applicable to both the “straight-cut” 
and “bias-cut” materials, unless other- 
wise stated in the method. 

Note. — Methods of testing varnished glass 
fabrics and tapes are given in the Tentative 
Methods of Testing Varnished Glass Fabrics 
and Varnished Glass Fabric Tapes Used in Elec- 
trical Insulation (A.S.T.M. Designation: D 902). ^ 

Sampling ■ ' 

Selecting ' Rolls 

2. (a) Shipments of varnished cloth 
and varnished cloth tapes shall be 
sampled as specified in Paragraphs (b) 
and {c). The rolls or pads shall be 
selected in such a manner as to be repre- 
sentative of the shipment. 

(b) Clollt. — One roll shall be selected 
from each ten rolls or fraction thereof in 
a shipment of full width cloth. 

(c) T ape, --Rolls oi tape shall be se- 


' A Under the standardization procedure of the Society, 
these methods, are under the Jurisdiction of the A.S.T.M. 
Committee D -9 on, Electrical Insulating Materials. ' 

* Latest revision accepted by the Society at annual 
meeting, June, 1946. 

2 Appears in this publication, see Contents in Numeric 
Sequence of A S.T.M. Designations at front of book. 


lected from each shipment in accord- 
ance with the following schedule: 

Number of Rolls Minimum Number 

in Shipment of Sample Rolls 

Over 10000 1 per thousand 

5001 to 10000 10 

2001 to 5000. 5 

501 to 2 000.... 2 

200 to 500 ... 1 

Less than 200. ......... optional 

(d) Samples of oil-immersed tape shall 
be taken from not less than two cans. 

Selecting Samples 

3. (a) Except for tape shipped packed 
in oil, not less than two turns of cloth or 
six turns of tape from each roll or pad 
selected for sampling shall be torn off 
and discarded before the samples are 
selected. The number of samples re- 
quired for purpose of tests shall then be 
cut across the entire width of each roll 
or pad. The length of the samples shall 
be not less than 36 in. (91 cm,) for 
straight-cut material, from seam to seam 
for sewed bias-cut material, and from 
jointed-selvage to jointed-selvage for 
seamless bias-cut material. 

Note 1. — Specimens of bias-cut materials 
cut from, the above samples shall exclude seams 
and’ join ted-selvages from the test areas. 
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Note 2.— If it k desired to test' the seams or 
jointed-seivages for breaking strength, addi- 
tional specimens wili have to be cut so that the 
seams or jointed-selvages are in the center of tbe 
specimens. 

(b) From shipments such as sheets of 
cloth or strips of tape, the samples shall 
be representative of the shipment and 
shall be taken in accordance with Para- 
graph {a). 

Conditioning ■ 

Conditioning 

4. (a) If it is desired to test the mate- 
rial in the condition as received by the 
purchaser, the test samples shall not be 
specially conditioned, but the packages 
containing the rolls of cloth or tape from 
which the samples are to be taken shall 
be allowed to reach approximately test 
room, temperature before the packages 
are opened and the samples cut. Speci- 
mens to be tested shall be removed from 
the roll as required and tested imme- 
diately, unless otherwise specified. 

(b) Where it is desired to test in a 
controlled atmosphere, the test speci- 
mens shall be conditioned for 48 hr. in 
air maintained at a temperature between 
68 and 86 F. (20 and 30 C.) and at a 
relative humidity of 50 dr 2 per cent. 

(c) If a conditioning cabinet or cham- 
ber is used, test specimens shall be sub- 
jected to test immediately upon with- 
drawal from the cabinet or chamber, 
unless otherwise specified. 

Thickness 
Test Specimens 

5. Test specimens shall consist of 
samples selected in accordance with Sec- 
tion 3. 

Procedure 

6. The thickness (Note) shall be meas- 
ured in accordance with Method B of 
the Standard Methods of Test for 
Thickness of Solid Electrical Insulation 


(A.S.T.M. Designation: D 374)/modified 
as follows: 

■ (1) In making, thickness measure- 
ments, only one layer of material shall 
be used. 

(2) In the case of cloths, ten measure- 
ments equally spaced across the width 
of the specimen shall be taken and the 
thickness of the cloth shall be the aver- 
age of the ten measurements. 

(J) In the case of tapes, unless other- 
wise specified, ten measurements equally 
spaced along the length of each specimen 
shall be taken and the thickness of the 
tape shall be the average of the ten 
measurements. 

Note. — Tbe average thickness, as obtained 
for the dielectric strength test (Section 14), 
may be conveniently used instead of the separate 
test described in Section 6. 

Report 

, ■ 

7. The report shall include the aver- I: 

age, maximum, and minimum thick- I 
nesses in inches. | 

■ ' ^ Breaking Strength | 

Apparatus 

8. {a) A testing machine^ of the dead- 
weight pendulum type shall be used. 

The machine preferably shall be power I 
driven.' 1 

(b) The capacity of the machine shall I 
not exceed 250 lb. (113 kg.). 

(c) The machine shall be graduated 
to read 1 lb. or 1 kg, or less per scale 
division for testing specimens breaking 
at 50 lb. (22.7 kg.) or over, and to 0.5 

lb. or 0!5 kg. or less for testing specimens : 

breaking under 50 lb. (22.7 kg.). 

Test ■ Specimens 

9. Specimens cut from the full width 

< This apparatus is the same as that used for the test- 
ing of paper and is described in Section 10 of the Tenta- 
tive Methods of Sampling and Testing Untreated Paper 
Used in Electrical Insulation (A.S.T.M. Designation: 

D 202), see p. 685. 
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cloth or from tapes over i in. (2.54 cm.) 
in width shall be 1, in. (2.54 , cm.), in 
width and. not -less, than 1.4 in. (35.5 cm.) 
in length. For tape having a nominal 
-width of 1 in. (2.54 cm.), or under, the 
specimens shall, be of the original width 
and shall .be, not less than 14 in, (35.5 
, cm.) in length. 

Note. — If it is desired to test the seaDis or 
jointed-seivages of bias-cut m.aterials for .break- 
ing strength, specimens obtained as described 
in Note 2, Section 3 (a) shall be clamped in 
the testing machine so that the seams or jointed- 
seivages are midway between the two jaws. 
When testing, aH readings obtained when the 
specimen breaks away from the seam or jointed- 
selvage shall be .rejected. ' 

Wumber of Specimens 

10. (a) In the case of straight-cut 
cloths, ten specimens shall be cut in the 
direction of the warp threads and ten in 
the direction of the filling threads from 
samples selected in accordance with 
Section 3. 

(5) In the case of bias-cut cloths, ten 
specimens shall be cut in the direction 
of the length from samples selected in 
accordance with Section 3. 

(c) In the case of tapes, one specimen 
shall be cut from each roll selected in 
accordance with Section 2 (c). 

Procedure 

11. (a) The ratio of the clearance 
distance between jaws to the width of 
the specimen shall ' be not less than 5 to 
1 nor more than 10 to 1. 

(6) The rate of travel of the movable 
jaw shall be constant and preferably 
12 in. (30.5 cm.) per min., but it may be 
within the limits of 11 and 13 in. (28 
and 33 cm.) per min., provided it is 
constant. 

(c) All readings obtained when the 
specimen breaks at or in the jaws shall 
be rejected. 

Report 

12. (a) The breaking strength of a 


roil shall be the average of the breaking 
loads of ail the specimens tested from the 
roll. ■ The report shall include the , aver- 
age, maximum, and minimum bre,aking 
loads in pounds or kilograms together 
with the width of the specimens and the 
nominal thickness. 

(b) In the case of straight-cut cloths, 
the breaking strength of ■ the warp 
threads and the filling threads shall be 
reported separately. 

Dielectric Strength 
Short-Time and Step-by-Sief Tests 

Purpose 

13. The purpose of this test is to de- 
termine the dielectric strength of var- 
nished cloths and varnished cloth tapes 
when subjected to a short-time or step- 
by-step test. . 

Dielectric Strength 

14. (a) The dielectric strength shall 
be determined in accordance with the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Mate- 
rials at Commercial Power Frequencies 
(A.S.T.M. Designation: D 149) of the 
American Society for Testing Materials,® 
except as specified in the following Sec- 
tions 15 to 20. 

(b) Dielectric strength tests may be 
applied to specimens of the material as- 
received, and on specimens from the 
elongation, resistance to oil, and humid- 
ity tests. 

Apparatus 

15. For the testing of narrow speci- 
mens, such as tapes, it is necessary 
to use a special form of testing device, 
whereby the test specimen shall be 
clamped under pressure in order to pre- 
vent flasliover around the edges of the 
material. Two forms of testers are de- 
scribed in the Appendix. 

Test Specimens 

16. (a) In the case of cloths, a speci- 
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men at least 4 in. (10.16 cm.) in width 
shall be cut diagonally from corner to 
corner from a sample selected in accord- 
ance with Section 3. ' ' 

(b) In the case of tapes, the specimens 
shall be samples selected in accordance 
with S:ection 3. 

Surrounding Medium' 

17. Tests shall be made in air unless 
the material is to be used under oil, 
in which case the material may be tested 
under oil 

Conditioning 

18. Specimens shall be conditioned in 
accordance with Section 4. 

Procedure 

19. (a) Tests shall be made by either 
the short-time test or the step-by-step 
test, or by both methods. 

(b) In the short-time test, voltage 
shall be increased at the rate of 0.5 kv. 
per sec. 

(c) In tests made by the step-by-step 
test, each step shall be of 20-sec. dura- 
tion. Voltage shall be increased by the 
following increments: 

Nominal Thickness 


of Tape 

8 mils or less 250 v. 

Over 8 mils. 500 v. 


The starting voltage shall be adjusted 
to the nearest even 250 or 500 v., de- 
pending on the increment of increase. 
The starting voltage should preferably 
be based upon the breakdown voltage 
in the short-time test, as provided in 
A.S.T.M. Methods D 149. Where this 
may not be feasible or convenient, a 
starting voltage may be selected as the 
result of test experience, of such a value 
that at least three testing steps are ob- 
tained prior to breakdown. 

^Report ■ ' 

20. The report shall include the fol- 
lowing: 


(1) The test method used for deter- 
mining the dielectric strength, ^ 

(2) The' average dielectric strength 
in' volts per mil and any other values of 
dielectric strength as required by the 
materials specifications, and 

(J) The temperature at which the 
tests were made. 

Endurance Dielectric Strength 

Purpose 

21. The purpose of this test is to ob- 
tain some idea of the relative dielectric 
strength of various materials when 
subjected to electrical stress for rela- 
tively long periods at high temperature. 

Test Specimens and Apparatus 

22. (a) The specimens shall be made 
by wrapping the material in tape form 
with one-quarter lap, one-half lap, or 
butt-jointed, or in sheet form, on brass 
tubes. For sheets and for tape up to 
1| in. in width, the tubes shall be about 
36 in. in length and 1 in. in outside 
diameter. For tapes wider than 1| in., 
the tubes shall be 2 in. in outside diam- 
eter. The sample shall be built up to 
'the desired thickness, simulating prac- 
tical conditions, winding all layers of 
tape in the same direction. 

(b) A smooth layer of metal foil shall 
then be wrapped over the insulation for 
a distance of 24 in., leaving 6 in. of 
insulation uncovered at each end of the 
tube. The metal foil shall be bound in 
place with a wrapping of adhesive tape 
which shall extend the full length of the 
tube in order to protect the insulation 
at the end from corona discharge. 

(c) A thermocouple shall be applied 
to the metal foil near the center of the 
tube and held in place by the adhesive 
.tape.' 

Procedure 

23. (a) The specimen shall be mounted 
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.in an oven and' a temperatiire of 1(K) C. 
(212 F.) , ma,mtained during tbe test. 
Provision shall be made lor so mount- 
ing the specimen that the tube may 
be connected to the high voltage side 
of the circuit, with the metal foil sheath 
and thermocouple connected to ground. 

(J) A voltage equal to 10 per cent of 
the breakdown voltage (to the nearest 
kilovolt) obtained in the short-time test 
shall be applied and maintained for 30 
min. The voltage shall then be in- 
creased by steps of 20 per cent of the 
initial value until puncture occurs, the 
voltage being held at each step for 30 
min. 

(c) The temperature of the sample as 
indicated by the thermocouple shall be 
observed at intervals during the test and 
recorded at the end of each 30-min. 
period. It will be found that the tem- 
perature rises gradually until just before 
breakdown when the temperature in- 
creases rapidly. During this latter pe- 
riod, temperature readings shall be re- 
corded at frequent intervals. 

Report 

24. (a) The results shall be plotted 
using time, expressed in hours, as 
abscissas, and temperature, in degrees 
Centigrade, as ordinates. In addition 
to time as abscissas, the values of applied 
kilovolts shall be indicated, since the 
value of kilovolts increases uniformly 
with time. The significant values to 
be taken from the curve and reported 
areas : follows:;, . 

(1) Duration of test,' 

(2) Breakdown voltage, 

(J) Temperature of specimen at 
breakdown, and 

' (4) 'Rate of temperature rise during 
'test. 

:;(J) The report shall also include a 
description of the specimen and its 
preparation, the thickness of the insula- 


tion, and the number ' of layers ^ ' of : 

insulation. 

■ Elokga.tion 

{In the Case of Bias- C id Makrial) 

Purpose 

25. The purpose of this test Is to' 
determine the tendency of bias-cut var- 
nished cloths and tapes to stretch under 
mechanical tension. This test is not 
applicable to tapes of less than 0.5 in. 
(1,27 cm.) in nominal width. 



Apparatus 

26. The apparatus shall consist of a 
pair of clamps for gripping the ends of 
the specimen. The clamps shall be not 
less than 2.0 in. (5.08 cm.) in width, and 
one shall be provided with means for 
attaching to a 'fixed support and the 
other with means for affixing suspended 
weights, A suggested form of clamp is 
shown in Fig. 1. 
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Test Specimens.. ^ ; 

27. (a): In the case of bias-cut cioths, 
specimens shall be cut in the direction 
of the length from the samples selected 
in accordance with Section 3. They 
shall not exceed 1.5 in. (3.8 cm.) in width 
and shall be at least 36 in. (91 cm.) in 
length. 

(5) In the case of bias-cut tapes, speci- 
mens shall be ‘ samples selected in 
accordance with Section 3 and they shall 
not exceed 1.5 in. (3.8 cm.) in width. 
Tapes of greater width than this shall 
be cut 1.5 in. (3.8 cm.) or less before 
testing. 

Procedure 

28. (a) A gage length of 50 cm. shall 
be marked on the test specimen (Note) 
and the specimen shall be fastened be- 
tween two suitable damps so that the 
gage length is centrally located between 
the damps. The clearance distance 
between each gage line and the adjacent 
damp shall be not less than 10 cm. 

Note. — Strips of Scotch cellulose tape make a 
satisfactory method for marking the gage length 
on the elongation test specimens. 

(J) The test specimen shall be 
weighted with a specified load M 
(including the weight of the damp) and 
at the end of 35 min. the distance L 
between gage lines shall be measured 
and the load then removed. 

Calculation 

29. The percentage elongation shall 
be calculated as follows: 

£ - 50 

Elongation, per cent == — — X 100 
where: 

L == distance in centimeters between 
gage lines at end of the test. 

Report 

30. The report shall include the 
following: 


(1) theload'm pounds, per inch width 

at tape, 

( 2 ) the percentage elongation, .and 

(3) the . temperature, of the room dur- 
ing the elongation test. 

Dielectric Strength Under 
E,longation ; 

Purpose 

31. The purpose of this test is to de- 
termine the effect of elongation, on the 
dielectric breakdown of bias-cut var- 
nished cloths and tapes. This test is 
not applicable to tapes of less than 0.75 
in. (1.905 cm.) in nominal width. 

Apparatus 

32. (a) The apparatus shall consist 
of a pair of damps for gripping the ends 
of the specimen and some suitable means 
of securing the damps so that they can 
be pulled away from each other at an 
approximately uniform rate. For this 
purpose, a hand or motor-operated 
pulling outfit or a tensile-testing ma- 
chine of suitable range may be used. 

(b) A special form of dielectric tester, 
as described in Section IS, shall be used 
for making breakdown tests. The tester 
shall be arranged to receive the test 
specimens while the latter are held in 
the stretched condition. Where a 
special pulling outfit is used, this may 
be so set up that the tape is pulled 
through the separated electrode blocks 
of the tester. When a tension-testing 
machine is used, it may be more con- 
venient to transfer the test specimen, 
while under tension, to a special frame 
which may be readily -inserted into the 
tester. 

Test Specimens, , " 

33. Test specimens shall be prepared 
as described in Section 27. 

Procedure 

34. (a) A gage length of 50 cm. (19.68 
in.) shall be marked on the test specimen 


Tests 'for;; Varnished Cloths 'and Tapes (D'295 -.46T) 


S23 


and the , specimen, shall be fastened be- 
, tween, .the clamps so that the, gage 
length , is centrally located . be tw,eeii the 
clamps. , The ' clearance distance be- 
tw.een each gage, line , and the adjacent 
damp shall be not less than 10 cm.. 
(3.9 ill.)-, 

(b) The clamps shall then, be moved 
apart at, a rate of approximately 5.08 cm. 
(2 .in.) per. minute until the tape has 
been ..elongated 6 per cent. After this 
elon,gation has been reached^ it shall be 
maintained for a minimum of ,5 min. 
after which five breakdowns shall be 
made by the short-time test described 
in A.S.T.M.. Methods D 149. The five 
tests shall be distributed uniformly 
within the gage length, and shall not 
consume more than 10 min. of elapsed 
time. The dielectric strength shall be 
calculated on the basis of the average 
thickness of the specimen determined 
immediately after the dielectric break- 
down test and while the specimen is 
elongated. 

Note. — In the use of tape it is probable that 
it may be elongated more than 6 per cent. In 
order to obtain dielectric strength data at a 
higher percentage elongation, it is recommended 
that tests be made at 12 per cent elongation in 
addition to the specified 6 per cent elongation. 

Report 

35. The report shall include the fol- 
lowing.: 

(i) The average dielectric strength 
, 'in,' volts per.mil on the elongated ma- 
terial. ■ 

. (2) The, .tempe.rature at w%ich the 
tests were made. 

Power Factor and Dielectric 
.Constant 

Purpose 

36. The purpose of this test is , to 
determine the powder factor and dielectric 
constant of varnished , cloths . and var- 
nished cloth tapes at frecpieneies not 
exceeding 70 cycles per second, 


.Definitions an,ii Theory , of Test 

37. The definitions of dielectric power 
factor, dielectric constant, and .related' 
terms, and the theory of, test shall be 
,as given in. the Tentative Methods of 
Test for Power Factor and Dielectric 
Constant of Electrical Insulating Mate- 
rials (A.S.T.M. Designation: D 150) of 
the American Society for Testing Mate- 
rials,^ 

Electrodes 

,38'. Flat, rigid, guarded electrodes, 
not over 10 sq. in. in area, of such size 
as to give the bridge sufficient sensitivity 
to detect readily a change in power 
factor of 0.0005, shall be used. The 
specimen shall extend beyond the guard 
electrode for a distance of at least four 
times the thickness of the specimen. 
The pressure shall be not less than 10 
nor more than 20 psi. 

Test Specimens 

39. The test specimen may be tested 
in one thickness. Petrolatum may be 
used to avoid ionization. The petro- 
latum shall have a power factor at 80 C. 
of not exceeding 0.02 at 60 cycles, or a 
resistivity not less than 10^^ ohms per 
centimeter cube at 80 C. 

Conditioning 

40. The test specimens shall be con- 
ditioned by one of the following two 
methods: 

(a) When the greatest reproducibility 
of results is desired, the test specimens in 
one thickness shall be heated to 105 dt 
3 C. for 1 hr. without vacuum and then 
for 2 hr. at 105 ri= 3 C. in a vacuum hav- 
ing an absolute pressure not exceeding 
1 mm. of mercuiy. 

(b) Where the vacuum treatment is 
not feasible or where tests in the as- 
received condition are desired, or where 
an approximation to some conditions 
of use is desired) the test specimens shall 
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be conditioned in accordance with Sec- 
tion 4. 

(c) In the case of dispute the vacuum 
treatment shall be considered the referee 
method. 

Procedure 

41. (a) Tests shall be made at room 
temperature of 25 to 30 C., and at 80 
zh 1 C. The conditioned specimens shall 
be tested within 5 min. after removal 
from the vacuum container. The volt- 
age gradient shall be 50 v. per mil. 
The method of measurement shall con- 
form to that described in A.S.T.M. 
Methods D 150. 

(b) Three specimens shall be tested 
and the values obtained averaged. 

Report 

42. The report shall include the 
following: 

(i) Test Conditions.— The frequency 
in cycles per second, the temperature 
in degrees Centigrade, relative humidity 
in per cent, the conditioning of the 
specimen, size of electrodes, pressure on 
electrodes, and voltage gradient in the 
dielectric while under test, 

{2) Test Specimen . — Capacitance of 
specimen in micro-microfarads, effective 
area of specimen electrodes, and average 
thickness of specimen between elec- 
trodes. 

(3) Power factor, dielectric constant, 
and loss factor of each specimen, and 
the average, 

(4) Method of measurement. 

Insulation Resistance 
Procedure 

43. The insulation resistance of var- 
nished cloths and varnished cloth tapes 
shall be determined in accordance with 
the Standard Methods of Test for Insu- 
lation Resistance of Electrical Insulat- 
ing Materials (A.S.T.M. Designation: 


D 257).® The test, specimen shall be 
prepared in accordance ' with Fig. 1 of 
A.S.T.M. Methods D 257. 

Resistance to Oil 

Purpose 

44. The purpose , of this test is to 
determine the effect of oil on the varnish 
fihn and dielectric strength of the cloths 
or tapes. 

Test Specimens 

45. One specimen 12 in. (30.5 cm.) 
in length and not exceeding 1.5 in. 
(3.8 cm.) in width shall be cut from each 
of the rolls selected in accordance with 
Section 2. 

Procedure 

46. The specimens shall be immersed 
for 15 min. in a specified oil maintained 
at a temperature of from 97 to 103 C. 
At the end of this time, the specimens 
shall be removed from the oil, allowed 
to cool for at least 30 min. to room 
temperature, and any excess oil removed 
by placing the specimens between blot- 
ters without any sliding. 

Examination 

47. The varnish film shall be examined 
for disintegration in the oil and flaking 
either in the oil or on the blotter. Dis- 
integration in the oil may be detected 
by examination of the used oil for tur- 
bidity. 

Note. — ’T he oil may be considered turbid if 
a sample of used oil filtered through filter paper 
is distinctly less transparent than an unfiltered 
sample of the unused oil when the two samples, 
in identical containers, are held in front of a 
diffused light. Flaking along the cut edges of 
tapes shall not be considered as disintegration 
of the varnish film. 

Dielectric , Strength 

48. Specimens which have been al- 
lowed to cool at least 30 min. may be 



■525' 


Tests FOE , ¥AKf ism Ceoths ani> Tafes^ (D:295,-46 :T) 


.tested for dielectric strength any time 
within ■ a , period of 4 hr. , after removal 
from the oil. '.Five punGturing voltages 
■shall be. taken, on .the specimens in 
accordance with Section 14, using only, 
the .short-time test described in A.S. 
T-M. : Methods D 149. The dielectric 
strength shall be calculated on the basis 
of the average thickness of the specimen 
determined immediately before the di- 
electric breakdown test. 

Report 

49. The report shall include the fol- 
lowing: 

(1) The type of oil used (preferably 
including the flash point determined 
in accordance with the Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92) of the American Society 
for Testing Materials),^ 

(2) The temperature of the oil, 

(3) Results of the physical examina- 
tion of the film (Section 47), 

(4) The percentage increase in aver- 
age thickness due to oil tests, and 

(5) The average dielectric strength in 
volts per mil after the oil tests. 

Weight 

Procedure 

50. Specimens of sufficient size to weigh 
not less than 5 g. (0.18 oz.) shall be accu- 

5 1946 Book of A.S.T.M. Standards, Part III-A. 


rately weighed on an analytical balance 
and the weight shall be reported on some,; 
commercial unit basis such as the weight 
per square yard, the weight per gross 
yard per 1 in. in wudth, or the weight per 
roll. 

Theeads pee Inch 

Procedure 

51. The count or threads per inch shall 
be determined separately on the warp 
and filling by counting in a space of not 
less than 1 in. in at least five different 
places in the sample strip (or strips). 
The average of the five determinations 
shall be the count. 

Report 

52. The results of the warp count 
and the filling count shall be reported 
separately as threads per inch. 

Note 1.— The warp threads in straight-cut 
materials are the threads that are parallel 
with the length dimension, while in bias-cut 
materials the warp threads are parallel with 
the seams and jointed -selvages. 

Note 2. — ^Before counting black varnished 
materials it will be necessary to remove the 
varnish film with a knife blade or other suit- 
able instrument. Liquid varnish removers are 
unsuitable for this purpose as they cause a 
swelling of the fibers and a shrinkage of cloth 
with a consequent increase in threads per inch; 
therefore, the films must be removed me- 
chanicaUy. 


(See Appendix, p. 526) 
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Apparatus for Making Dielectric Strength Tests on Insulating Tape 


. At. \ Single Shot Tester.— figutt 2 illustrates 
a single-sliot tester for making dielectric strength 
tests on insulating tape. In this device the 
tape is held under pressure between rubber 
washers while the voltage is applied, the pressure 
being supplied by compressed air operating on a 
piston h in a cylinder a. The piston is con- 
nected to the upper electrode c. The lower 
electrode c' is mounted on the insulated base. 
The electrodes terminate in J-in, brass rods 

Pressure gage 


Control valve, f 
Bleeder valve, g 


Cylinder, a 
P/sfon, £ 
Electrode, c 
Insulator, d 


InsvJafor,d- 



This lower assembly is also free to rock very 
slightly on a single ball support. This insures 
perfect contact and equalization of pressure 
when the electrode assemblies come together. 

The upper electrode assembly is normally 
held clear of the lower assembly by two small 
sprmgs so that tape may be readily inserted or 
withdrawn or moved to a new position of test. 
The piston b is smooth, without rings, and per- 
mits just enough leakage of air so that the pres- 


To compressed 
air lin e 



Section of tower electrode 
stiowJng spring contact, 
vent holes and self- 
aligning ball support 


-Single-Shot Tester for Dielectric Strength Test on Insulating Tape. 


having flat ends with edges rounded to a radius 
of ^ in. These electrode rods move against 
light springs. This insures a positive contact 
between electrode and tape. The electrode rods 
are surrounded by insulating blocks d and d' 
having vent holes h for the dissipation of the 
gases generated by breakdown. These insu- 
lating blocks are faced with soft rubber washers 
e which can be detached and replaced as neces- 
sary. 

The lower electrode assembly is lined up 
with the upper electrode assembly by centering 
springs i, the position of which is adjustable. 


sure may be quickly adjusted and readily held 
at any desired value below the maximum 
available. 

Where compressed air is not available, pres- 
sure may be exerted by a hand-operated lever 
attached to the upper, or movable, electrode 
assembly. 

A2. Multiple Electrode Another form 

of tester, known as the multiple-electrode type, 
clamps a long piece of tape under pressure be- 
tween two insulating blocks and has ten sets of 
electrodes spaced at intervals along the test 
specimen. ■ 







APPROYEB AS 
AMERICAH STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: C59.1-1947 


tentative Methods of 

TESTING MOLDED MATERIALS USED FOR 
ELECTRICAL INSULATION ‘ 



A.S.T.M. Designation: D 48 - 46 T 
Issued, 1941; Revised, 1942, 1943, 1945, 1946. 2 

These Tentative Methods have been approved by the sponsoring committee 
and accepted by the Sodet}^ in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods cover a compendium 
of tests which apply to solid electrical 
insulating materials formed by a molding 
operation employing pressure with or 
without heat, and of instructions and 
recommendations supplementary thereto 
which apply to these particular materials. 
Dry-process porcelain is not included. 
Primarily these methods give instructions 
for preparing the materials for test and 
any choices or modifications to be made 
in general test methods which otherwise 
are to be followed exactly. The test 
methods included are listed in Table I. 
Information on the utility of these tests 
is, given in the Appendix. ' 

Molding or Test Specimens ■ ■ 

Molds / 

2. Test specimens shall be molded in 
molds conforming to the Tentative 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Latest revision accepted by the Society at annual 
meeting, June, 1946. 

Prior to their present publication as tentative, these 
methods were published as tentative from 1917 to 1922, 
being revised in 1921. They were adopted in 1922, pub- 
lished as standard from 1922 to 1942, being revised in 1924, 
1927, 1929, 1930, 1933, 1937, and 1939, but withdrawn as 
standard in 1942. 


TABLE L 


Test 

Prepara- 
tions for 
Test De- 
scribed 
in These 
Methods 
in' Sec- 
tion No. 

A.S,T.M. 
Designa- 
tion of 
Test 
Method 

Acetone Extraction (phenolic 

materials) 

42 

D 494 

Arc Resistance (thermosetting mate- 
rials) . 

8, 9 

D 495 

Brittle Temperature (nonrigid 
plastics). 

31 ■ 

D 746 

Chemical Resistance 

41 

D 543 ■ 

Conditioning 

4-7 

D 618 

Deformation Under Load (except non- 
rigid plastics) 

29 

D621 

^Dielectric Constant 

19, 20 

D ISO 

■^Dielectric Strength 

10-15 

D 149 

Distortion Under Heat (except non- 
rigid plastics) 

32, 33 

j>m 

Flammability (except nonrigid 

plastics) 

36, 37 

D 635 

Flow Temperature (thermoplastics), i 

44 

D569 

♦Insulation Resistance 

16-lS 

D257 

’*Loss Factor I 

19, 20 1 

BISO 

Mobility (thermosettingmaterials). . , I 

45 

D73i 

Molds for Test Specimens 

2 

D647 

Powder Tests . 

43' 

D 392 ■ 

■“Power Factor 

19, 20 

D 150 

Shrinkage 

46 ■ 

0551'' •' 

Stiffness (nonrigid plastics) 

30 

D'747 

Strength: 

Compressive (except nonrigid 
plastics) . ...... i 

21,22 , 

0 695 

Flexural (except nonrigid plastics) . . 
♦Impact (except^ nonrigid plastics) . 

23, 24 ! 

0 790 

25, 26 1 

0 256 

■“Tensile (nonrigid plastics) 

27,28 

0 412 

•Tensile (thermoplastic) 

27, 28 . I 

0 638 

•Tensile (thermosetting and cold- 
molded).. — 

27,28 

0 651 

Thermal Expansion, Coefficient of 
Linear (e.xcept nonrigid plastics).. 

34, 35 

0 696 

•Volume Resistance 

. 16-18 

0 257 

Water Absorption .... — . . — 

3S-40 

0 570 


* A discussion of the significance of these tests appears 
in the special publication, “A.S.T.M. Standards on Elec- 
trical Insulating Materials,” October, 1945, p. 27. 
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Specifications for ; Molds for.. Test ■ Speci- 
mens of' Molding Materials Used . for 
Electrical Insulation (A.S.T.M. Designa- 
tion: D 647).® Where no standard de- 
sign for a mold to produce the desired 
test specimen has been adopted, the pur- 
chaser and the seller should agree as to 
the mold or molds to be used. 

Molding 

3. The press and molding cycle used 
in molding test specimens shah be agreed 
upon by the purchaser and the seller. 

Note.— To permit the use of the same mold 
for various materials, tolerances in test specimen 
dimensions of plus or minus 10 per cent for cold- 
molded, and plus or minus 5 per cent for all 
other materials shall be permitted, unless other- 
wise specified. 

Conditioning of Test Specimens 
Standard Practice 

4. (a) For tests for dielectric strength, 
volume resistance, power factor, di- 
electric constant, loss factor, compres- 
sive, flexural, impact and tensile 
strengths, stiffness, distortion under heat, 
and coefficient of linear thermal expan- 
sion, specimens shall be conditioned in 
accordance with the Tentative Methods 
of Conditioning Plastics and Electrical 
Insulating Materials for Testing (A.S.- 
T.M. Designation: D 618).® 

(b) For all other tests, specimens shall 
be subjected to no conditioning or to 
such other particular conditioning as is 
required. 

Special Requirements 

5. The properties of molded electrical 
insulating materials to greater or lesser 
degree are dependent upon the atmos- 
pheric conditions of temperature and 
humidity to which the materials are ex- 
posed. In particular, absorption of 
moisture or exposure to supernormal 

® Appears in this publication,^ see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of bopk. 


temperatures is likely to reduce their 
value as insulation. Electrical tests 
after exposure to humid or wet condi- 
tions or at elevated temperatures should' 
be made wherever such conditions are 
likely to be encountered in service. 
Where insulators may be exposed to 
either subnormal or supernormal at- 
mospheric conditions and may be sub- 
jected to mechanical stresses approaching 
the maximum they may withstand, 
materials should be tested for all essential 
physical properties to such extent as 
seems advisable following exposure to 
such conditions. Values obtained for 
test specimens subjected to special con- 
ditioning should be properly identified. 

Test Conditions 
Standard Practice 

6. (a) Dielectric constant, loss factor, 
power factor, and volume resistance 
tests with specimens conditioned (Sec- 
tion 4 (a)) by the Standard Procedure in 
the Tentative Methods of Conditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing (A.S.T.M. Designa- 
tion: D 618)®, shall be performed at 25 ± 
1 C. (77 db 1.8 F.) and 50 rfc 2 per cent 
relative humidity. With specimens con- 
ditioned by Functional Procedure A in 
Methods D 618 tests shall be started as 
soon as possible, preferably within 1 
min. after removal of the specimens from 
the desiccator in which they have cooled 
to room temperature, and the tests shall 
be performed under the atmospheric 
conditions prevailing in the laboratory. 
Where comparative tests between labora- 
tories are being made, the time interval 
shall be as agreed upon. If because of 
lack of equipment, specimens conditioned 
by the Standard Procedure in Methods 
D 618 cannot be tested under controlled 
temperature and humidity, the effect of 
exposure between conditioning and test- 
ing shall be established and reported. 
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{b) Gompressivey flexural, impact, aad 
tensile streiigtli tests. for materials con-. 
ciitio.ned (Section 4 (a)) by the Standard 
Procedure ,. in A.S.T.M. Methods D 618 
shall be performed at 25 dz 1C. (77 zfc 
2'F.) and 50 dz 2 per cent re.lative 
humidity. For materials conditioned by 
Functional , Procedure .A , in Methods 
D 618 These tests shall be performed at 
25 dz 2 C. (77 dz 3.6 F.) and the humidity 
prevailing in the laboratory. If, because 
of lack of equipment, materials condi- 
tioned by the Standard Procedure in 
Methods D 618 cannot be tested under 
controlled humidity, the effect of ex- 
posure between conditioning and testing 
shall be established and reported. 

(c) All other tests are to be performed 
under atmospheric conditions prevailing 
in the laboratory or under such other par- 
ticular conditions as are required. 


Special Requirements 

7. Where test specimens are subjected 
to special conditioning in accordance 
with Section 5, tests should be performed 
under like conditions where it is at all 
practicable to do so, or at least very 
rapidly if it is necessary to perform them 
under laboratory atmospheric conditions. 
For tests of such specimens the use of 
equipment is recommended, such as is 
described in the Tentative Specifications 
for Enclosures for Small Testing Ma- 
chines for Tests at Subnormal and Super- 
normal Temperatures of Electrical Insu- 
lating Materials and Plastics (A.S.T.M. 
Designation: D 760)^ and the Tenta- 
tive Specifications for Servicing Units 
for Tests at Subnormal and Supernormal 
Temperatures of Electrical Insulating 
Materials and Plastics (A.S.T.M. Desig- 
nation: D 761).^ 


Arc Resistance (Thermosetting 
Materials) 

Procedure ' 

8. Except as specified below in Section, 
9, arc resistance shall be determined in 
accordance with the Standard Method of 
Test for Arc Resistance , of Solid Electri- 
cal Insulating Materials (A.S.T.M. 
Designation: D 495).^ 

Note. — This method of test se.rves to classify ■ 
materials broadly rather than to bring out 
slight differences between materials of similar 
composition. Attention is being given to the 
development of test methods to determine the 
suitability of molded materials for applications 
requiring degrees of arc resistance to which some, 
if not all may be suited. 

Test Specimen 

9. The test specimen shall be | in. in 
thickness and of any size or shape, pro- 
vided a flat, or nearly fiat, surface of 
about 0.16 sq. in. in area is available for 
each test. 

Dielectric Strength 
Procedure 

10. Except as specified in Sections 
4(a), 5, 6(a), and 7 and below in Sections 
11 to 15, dielectric strength shall be de- 
termmed in accordance with the Stand- 
ard Methods of Test for Dielectric 
Strength of Electrical Insulating Mate- 
rials at Commercial Power Frequencies 
(A.S.T.M. Designation: D 149).^ 

Electrodes 

11. The test electrodes shall consist of 
cylinders 1 in. in diameter and 1 in, in 
length, with edges rounded to a radius of 

I in. 

Test Specimen 

12. The test specimen shall be a disk 4 
in. -in diameter by .J in. in thickness for 
cold-molded materials and | in. in thick- 
ness for all other materials. 
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Smmm<li0g Meditim 

13. It is recommended that cold- 
molded materials be tested in air, but 
that all otter materials be tested under 
oil When arc-over is experienced on 
specimens tested in air, the specimens 
shall be tested under oil. 

Test Voltage 

14. (a) Either the short-time test or the 
step-by-step test may be used. 

(5) In the short-time test, voltage shall 
be increased at the rate of 1000 v. per sec. 

(c) In the step-by-step test, the volt- 
age shall be increased in increments as 
indicated in the following table, the volt- 
age being held at each step for 1 min.: 

Breakdown Voltage by Increment of Increase of 

Short*Time Test, kv. Test Voltage, kv. 

25 and under 1.0 

Over 25 to 50,incl.... 2.0 

Over 50 to 100, incl 5.0 

Over 100 • • 10.0 

Humber of Tests 

15. Five specimens shall be tested by 
the short-time test and three specimens 
by the step-by-step test. 

Insulation and Volume Resistance 

Procedure 

16. Except as specified in Sections 4(a), 
5, 6(a), and 7 and below in Sections 17 
and 18, insulation and volume resistance 
shall be determined in accordance with 
the Standard Methods of Test for Insula- 
tion Resistance of Electrical Insulating 
Materials (A.S.T.M. Designation: 
D 257).3 

Test Specimen 

17. For resistance measurements em- 
phasizing surface resistance (designated 
in A.S.T.M. Methods D 257 as insulation 
resistance measurements) the test speci- 
men shall be a I by 4 by 5-in. bar pro- 


vided with electrodes as,, shown in Fig. 2 
of those methods. , For .resistance meas- 
urements emphasizing volume .resistance 
the test .specimen shall be a ., | , by 4-iii. 
disk provided with electrodes as shown 
in Fig. 4 of A.S.T.M. Methods D 257. 

Test Conditions 

18. Test specimens for insulation re- 
sistance' measurements prior to testing 
shall be exposed for 96 hr. in air at 90 db 2 
per cent relative humidity and 35 rb 1C. 
(95, ± 2 F.) and shall be tested under the 
same conditions. 

Power Factor, Dielectric Constant, 
and Loss Factor 

Procedure 

19. Except as specified in Sections 
4(a), 5, 6(a), and 7 and below in Section 
20, power factor, dielectric constant, and 
loss factor shall be determined in accord- 
ance with the Tentative Methods of Test 
for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (A.S, 
T.M. Designation: D 150).® 

Test Specimens 

20. The test specimen shall be a disk 
from 0.100 to 0.150 in. in thickness with 
the diameter either 2 in. db 5 per cent for 
frequencies of over 1 to 100 megacycles, 
or 4 in. rb 5 per cent for frequencies up to 
and iiicliidmg 1 megacycle. The test 
specimen shall have smooth surfaces and 
be free from irregularities (see Section 
11 (a) of A.S.T.M. Methods, D .150). 

Compressive Strength (Except Non- 
rigid Plastics) 

Procedure 

21. Except as specified in Sections 
4(a), 5, 6(&), and 7 and below in Section 
22, compressive strength shall be deter- 
mined in accordance with the Tentative 
Method of Test for Compressive Strength 


Tests for .Moebe.d Electrical Ihsulatihg Materials (D 48 - 46 T) 531 


of Elastics '(A.S.T.M.^, Designation:: 
D 695)3 

Test .Specimen 

22. The test specimen shall be a rec- 
tangular prism 0.5 by 0.5 by 1.0 in. cut 
from 0.5 by 0.5 by 5.0-in. bars. 

Flexural Strength (Except Non- 
rigid Plastics) 

Procedure 

23. Except as specified in Sections 
4(^), 5, 6(i), and 7 and" below in Section 
24, flexural strength (modulus of rupture) 
shall be determined in accordance with 
the Tentative Method of Flexural Test of 
Plastics (A.S.T.M. Designation: D 790).® 

Test Specimen 

24. The test specimen shall be 5 by 
0.5 by 0.25 in., with 0.25 in. the dimen- 
sion in the direction in which molding 
pressure is applied and the beam depth of 
the specimen as tested. 

Impact Strength (Except Nonrigid 
Plastics) 

Procedure 

25. Except as specified in Sections 4(n), 
5, 6(6), and 7 and below in Section 26, 
resistance to impact shall be determined 
in accordance with the Tentative Meth- 
ods of Test for Impact Resistance of 
Plastics and Electrical Insulating Mate- 
rials (A.S.T.M. Designation: D 256).^ 

Test' Specimen 

26. (a) The test specimen for the 
Charpy test shaE conform to the dimen- 
sions shown in Fig, 1 but may be notched 
or unnotched (Note) according to the 
conditions of service. The notch when 
used may be milled, or otherwise ma- 
chined to correct contour, provided the 


bottom , of the resulting notch is smooth, 
straight,, and free of scratches. The 
thickness of the specimen as molded, that 
is,, the dimension parallel to the applica- 
tion of molding pressure and lengthwise 
of the notch may be any thickness of | in. 
or less agreed upon as representative of 
the cross-section in which the particular 
material is to be used. 
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Fig. 1. — Simple Beam (Charpy) Impact Test 
Specimen. 
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Thickness of Specimen shall be 
in Accordance with Section 26 

Fig. 2. — Cantilever Beam (Izod) Impact Test 
Specimen. 


Note. — The unnotched specimen gives a 
higher strength than the notched specimen and 
the ratio of the strength of the unnotched speci- 
men to that of the notched specimen varies 
with diflerent materials. 

(6) The test specimen for the Izod test 
shall be notched and shall conform to the 
dimensions shown in Fig. 2. Require- 
ments as to the nature of the notch and 
the thickness of the specimen shall be 
the same as for the Charpy test as pre- 
scribed in Paragraph (a). 

(r) When the individual specimens as 
molded are less than | in. in thickness, 
the test specimen shall be a composite 
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specimen consisting of a number of indi- 
vidual thin specimens aggregating as 
nearly as possible | in. in thickness. 
They shall all be accurately aligned with 
each other and shall be tested edgewise. 

Tensile Strength 
Procedtite ■ 

27. Except as specified in Sections 
4(a), 5, 6(6), and 7, and below in Section 28, 
the tensile strength of nonrigid plastics 
shall be determined in accordance with 
the Standard Methods of Tension Test- 
ing of Vulcanized Rubber (A.S.T.M. 
Designation : D 412) f the tensile strength 
of other thermoplastics shall be deter- 
mined in accordance with the Tentative 
Method of Test for Tensile Properties of 
Plastics (A.S.T.M. Designation: D 638),^ 
and the tensile strength of thermosetting 
or plastic cold-molded materials shall be 
determined in accordance with the Ten- 
tative Method of Test for Tensile 
Strength of Molded Electrical Insulating 
Materials (A.S.T.M. Designation: 
D651).3 

Test Specimen 

28. {a) For nonrigid plastics the test 
specimen shall be as shown in Fig. 3, Die 
C of the A.S.T.M. Methods D 412. 

(6) For thermoplastic materials other 
than nonrigid, the test specimen shall be 
I in. in thickness and the other dimen- 
sions shall be as shown for type I speci- 
men in Fig. 1 of A.S.T.M. Method D 638. 

(c) For cold-molded materials and 
thermosetting materials the test speci- 
men shall be molded to the form and di- 
mensions shown in Fig. 2 of A.S.T.M. 
Method D 651, the use of either the |-in. 
or the J-in. specimen being permissible 
(Note) . Five specimens are required for 
a test. Special specimen holders made of 
steel, as shown in Fig. 1 of A.S.T.M. 
Method D 651 shall be used. 

Note. — Values of tensile strength obtained 
with these two specimens may be unequal and 
accordingly that specimen should be chosen 


which is 'considered most representative of the 
material and its intended use. 

DEFORMATION' UNDER, LOAD (EXCEPT 
Nonrigid Plastics) 

Procedure 

29. Except as specified in Sections 5 
and 7, deformation under load shall be 
determined in accordance with the Ten- 
tative Methods of Test for Deformation 
of Plastics Under Load (A.S.T.M. Desig- 
nation: D 621).® 

Stiffness in Flexure (Nonrigid 
Plastics) 

Procedure 

30. Except as specified in Sections 4 
(6), 5, and 7, the stiffness in flexure of 
nonrigid plastics shall be determined in 
accordance with the Tentative Method 
of Test for Stiffness in Flexure of Non- 
rigid Plastics (A.S.T.M. Designation: 
D 747).® 

Brittle Temperature (Nonrigid 
Plastics) 

Procedure 

31. The brittle temperature of non- 
rigid plastics shall be determined in ac- 
cordance with the Tentative Method of 
Test for Brittle Temperature of Plastics 
and Elastomers (A.S.T.M. Designation: 
D 746).® 

Distortion Under Heat (Except 
Nonrigid Plastics) 

Procedure 

32. (a) Except as specified in Sections 
4 (a) and 5 and below in Section 33, 
distortion under heat shall be deter- 
mined in accordance with the Tentative 
Method of Test for Heat Distortion 
Temperature of Plastics (A.S.T.M. 
Designation: D 648),® 

(6) Unless otherwise specified, the 
fiber stress shall be 264 psi. for thermo- 
plastic, thermosetting, and cold-molded, 
materials. 
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33. ' The test specimen shall be | by 5 
in. and of such thickness of | in. or less 
in the direction in which molding pres- 
sure is applied ns is agreed to be repre- 
sentative of the cross-section in which 
.the material is to be used. The thick- 
ness as molded shall be the width of the 
' beam when . under test (Note) . 

.Note. — W hen the specimen is less than i in. 
in molded thickness, difficulties may be encoun- 
tered due to tipping over or unsteadiness during 
test. In such cases the test may be made upon a 
composite specimen consisting of sufficient 
individual pieces to aggregate approximately | 
in. in beam width held together by a rubber band 
or other light clamp. 

Coefficient of Linear Thermal 
Expansion (Except Non- 
rigid Plastics) 

Procedure 

34. Except as specified in Sections 5 
and 7, and below in Section 35, coefficient 
of linear thermal expansion shall be de- 
termined in accordance with the Stand- 
ard Method of Test for Coefficient of 
Linear Thermal Expansion of Plastics 
(A.S.T.M. Designation: D 696).® 

Test Specimens 

35. Unless otherwise specified, the test 
specimen shall be at least 4 in. in length. 

Flammability (Except Nonrigid 
Plastics) 

Procedure 

36. Except as specified below in Sec- 
tion 37, flammability under specified con- 
ditions of ignition and burning shall be 
determined in accordance with the 
Standard Method of Test for Flamma- 
bility of Plastics Over 0.050 in. in Thick- 
ness (A.S.T.M. Designation: D 635).® 

Test Specimens 

' 37. Unless otherwise specified, the test 
specimens shall be I in. in thickness. 


Procedure 

38. Except as specified below in Sec- 
tions 39 and 40, water absorption shail.be. 
determined in accordance with the^ 24-lir. 
immersion test described in the Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 570).® 

Test Specimen 

39. The test specimen shall be a disk 2 
in. in diameter by | in. in thickness. 
Permissible variations in thickness shall 
be plus ox minus 0.012 in. for cold-molded 
materials and plus or minus 0.007 in, for 
other materials. 

Conditioning Test Specimens 

40. (a) Specimens of material whose 
water absorption value would be appre- 
ciably affected by temperatures in the 
neighborhood of 110 C. (230 F.) shaU be 
dried in an oven for 24 hr. at 50 ± 3 C., 
and cooled in a desiccator. 

(J) Specimens of material whose water 
absorption values have been shown not to 
be appreciably affected by temperatures 
up to 110 C. (230 F.) shall be dried in an 
oven for 1 hr. at 105 to 110 C. (221 to 
230 F.). 

Note. — ^When data for comparison with 
values for other plastics are desired, all speci- 
mens shall be conditioned in accordance with 
the procedure described in Paragraph (a). 

Chemical Resistance 
Procedure 

41. Resistance to chemical reagents of 
interest shall be determined in accord- 
ance with the Standard Method of Test 
for Resistance of Plastics to Chemical 
Reagents (A.S.T.M. ' Designation:. 
D543).® 

Acetone Extraction (Phenolic 
Material) . . 

Procedure 

42. The quantity of ■ acetone-soluble 
matter in molded phenolic materials shall 
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be determined in accordance with the 
Standard Method , of Test for Acetone 
Extraction of Phenolic Molded or Lami- 
nated Products (A.S.T.M. Designation; 
.D 494)/;' 

Powder Tests 

Frocedtire ■ 

43. The particle size, apparent den- 
sity, bulk factor, and pourability of mold- 
ing powders shall be determined in ac- 
cordance with the Standard Methods of 
Testing Molding Powders Used in Manu- 
facturing Molded Electrical Insulators 
(A.S.T,M. Designation: D 392).^ \ 

Flow Temperature (Thermoplastic 
Materials) 

Procedure 

44. The flow qualities of thermoplastic 
materials shall be determined in accord- 
ance with the Tentative Method of Test 
for Measuring the Flow Properties of 
Thermoplastic Molding Materials (A.S. 
T.M. Designation: D 569).® 


Mobility (Thermosetting 
. Materials)' , 

Procedure 

45. The mobility of thermosetting 
materials under specified conditions of 
mold design, applied temperature and 
pressure shall, be determined in accord- 
ance with the Tentative Method of Test 
for Measuring Relative Mobility of Ther- 
mosetting Molding Powder’ (A.S.T.M, 
Designation: D 731).^ 

Shrinkage 

Procedure 

46. Initial shrinkage from mold to 
molded dimensions of either thermo- 
plastic or thermosetting materials shall 
be determined in accordance with the 
Standard Method of Measuring Shrink- 
age from Mold Dimensions of Molded 
Materials Used for Electrical Insulation 
(A.S.T.M. Designation: D S51).3 

Note. — T he purpose of this test is to measure 
batch-to-batch uniformity in initial shrmhage, 
and the values obtained may not be representa- 
tive of those to be expected in other molds. 


(See Appendix, p. 535) 
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APPENDIX 


Utility of Tests 


Ai. The user .of a test method should know 
exactly what it, does and does not measure,. the 
precision with which the measurement can be 
made, tlie units of. value employed, and exactly 
to what use,ful purpose or purposes the knowl- 
edge ga,ined , ,can ■ be applied. It should be 
recognized that test values usually are derived 
from some standard test specimen which has 
been exposed, intentionally or otherwise, to 
certain atmospheric conditions, and which has 
been, tested in a certain manner, under prescribed 
atmospheric conditions. It should not be 
expected that exactly like unit values, or even 
that comparable relative values will always be 
realized, if materials tested are made into 
utilitarian articles of various sizes, shapes, and 
cross-sections. The latter may be exposed to 
detrimental or destructive actions of somewhat 
difereiit nature and intensity or may be used 
under atmospheric conditions either more or 
less favorable to the materials than the test 
conditions. Allowance should be made for the 
fact that property values in molded electrical 
insulation may be affected to variable extents 
by the design of the article tested, the exact 
manner of stressing or attack, and the particular 
atmospheric conditions to which it has been or is 
exposed. It also may be possible to make some 
measurements with greater precision than others, 
and all tests are not applicable to all materials. 

A2. The statements which follow are intended 
to give no more than a convenient indication of 
the utility of the information gained by per- 
formance of the tests listed in Methods D 48, 
Where complete understanding of a test is 
desired it should be obtained by reference to the 
more complete statements of the significance 
of tests, such as those referred to in Table I 
of Section. 1. 

A3, (a) The obvious intent of the following 
eleven tests is to measure essential electrical 
properties and mechanical properties, which 
may be necessary in some electrical insulation : 

, ' , Arc Resistance 

Dielectric Constant ; 

Dielectric Strength 
Insulation Resistance 
Loss Factor 
Power Factor 
Volume Resistance 
Compressive Strength 
Flexural Strength 
Impact Strength 
Tensile Strength 


(b) As standardized, commonly performed 
tests they may be particularly useful in stating 
spec!,fication requirements, since aside from the 
importance of the properties measured, combina- 
tions of values from these tests may be quite 
characteristic of certain materials and may 
serve largely to iden.ti.fy them. These are 
short-time rather than endurance or fatigue 
tests. Individually and with the limitations in 
test values to which attention has been called, 
these tests yield information as to the following; 

(i) Arc Resistance. — The ability of a material 
to withstand the discharge across its surface 
of a specified, at first intermittent and then 
continuous, high-voltage, low-current arc. IMa- 
terials may fail through the eventual formation 
of a conducting path across their surfaces, and 
must then be judged for arc resistance by their 
probable ability to withstand some lesser 
amount of arcing, thought to be the maximum 
to which they are likely to be exposed. 

(3) Dielectric Constant, — ^The ratio of the 
capacitance of a capacitor in w^hich the material 
tested is the dielectric to the capacitance of the 
same capacitor with vacuum (or air) as the 
dielectric. Test values obtained are a measure 
of the relative capacity of a material to store 
electrostatic energy. 

(3) Power Factor. — The ratio of that part of 
the current which produces heat in the dielectric 
to total alternating current which passes through 
the dielectric. 

(4) Loss Factor. — ^The relative tendency of a 
material to generate heat when used as a 
dielectric in an electrical field alternating at a 
specified frequency. 

(5) Dielectric Strength. — ^The voltage gradient 
at which a material fails as a dielectric by 
electrical breakdown. 

{6) Insulation Resistance. — The resistance 
offered by a specimen to the passage of direct 
current between electrodes attached to it. 

(T) Volume Resistance. — ^Theresistence offered 
by a material to the passage of direct current if 
passage of current through or over its surface 
layer is prevented. 

(8) Compressive Strength. — The ability of a 
material to withstand compressive loads without 
complete failure, 

(9) Flexural Strength . — The ability of a mate- 
rial to withstand bending loads without com- 
plete failure, 

(JO) Impact Strength . — The ability of a 
material to withstand a sudden blow without 
complete failure. 


536 Tests tor Molded Electrical Insulating Materials (D 48-46 T) 


(11) Tensile ability of a 

material to witbstand tensile loads without 
complete failure. 

A4. The nature of the following four tests 
ma}^ be more obvious than their utility : 

Chemical Kesistance 

Flammability 

Linear Coefficient of Thermal Expansion 

Water Absorption 

(1) Chemical Resistance , — ^Where electrical 
insulation may be exposed to chemicals, the 
chemical resistance test will serve to detect 
materials attacked seriously by the chemicals 
used in the test. The test may not detect 
materials which would deteriorate slowdy with 
prolonged exposure. Since many electrical 
insulating materials are characterized by 
inertness to certain chemicals the test may be a 
useful aid in determining that desired materials 
are supplied. 

(2) Flammability . — Fire resistance is desirable 
in electrical insulation. The flammability test 
described is a measure of tendency to burn 
under the specified conditions of ignition and 
burning but is not a means to determine the 
likelihood that a material will ignite and burn. 

(J) Linear Coefficient of Thermal Expansion . — 
Linear coefficient of thermal expansion is of 
interest in electrical apparatus where changes 
in the dimensions of tlie electrical insulation 
with changes in temperature may alter its 
adjustment. The test does not measure changes 
in dimension which may be caused by prolonged 
exposure to wet or dry atmospheres with an 
accompanying gain or Joss in moisture or volatile 
matter. It should be recognized that such 
changes may occur simultaneously with those 
due to temperature alone and may overshadow 
them. 

(4) Water AhsorpUon.'—WzXtx absorption by 
electrical insulation is of definite interest where 
insulation may be exposed to humid conditions, 
since it is likely to affect insulating properties 
detrimentally. Detrimental effects may vary in 
different materials and may not be in direct 
proportion to water absorbed. The test de- 
scribed may be of too short duration to measure 
maximum possible absorption. The relative 
tendencies of materials to absorb moisture upon 
immersion and upon exposure to humid atmos- 
pheres may not be exactly the same. The test 
is primarily a quality control or identification 
test. 

A5. The following nine tests are confined 
largely to the plastics industry and are less a 
matter of common engineering knowledge and 
use: 


Acetone Extraction Mobility 

Brittle Temperature Pow^der Tests 

Deformation Under Load Shrinkage 

Distortion Under Heat Stiffness 

Flow Temperature 

(i) Acetone Extraction. ^Molding material 
made with phenol-formaldehyde resin becomes 
largely insoluble in acetone when properly 
molded. The degree of insolubility depends 
upon: (a) The adeciuacy of the heat of the 
molding operation to harden or react its resin, 
(h) the insolubility of the resin when reacted, and 
(c) the presence or absence of other ingredients 
or substances which remain soluble. A mini- 
mum solubility rather than complete insolubility 
can be achieved, which may indicate either 
that at least some matter remaining soluble is 
commonly present in these materials, (h) that 
none of these resins become completely insolu- 
ble, or (c) that ordinarily these resins do not 
become completely reacted. The quantity of 
matter w^hich can be extracted from a molding 
made with phenol-formaldehyde resin, therefore, 
gives a combined measure of permanently 
acetone soluble constituents, and of the degree 
to which its resin has been hardened or reacted, 
up to the stage wffiere minimum solubility is 
reached. Extractable matter more volatile 
than acetone is not evaluated. By themselves 
acetone extraction values are not a measure of 
molded quality. If thorough reaction of the 
resin and freedom from nonvolatile acetone 
soluble matter is desired low acetone extraction 
test values give assurance to that effect. Con- 
formity with specified values gives some, but 
not complete, assurance that a desired molding 
cycle is being maintained, provided it is known 
that the desired molding material is being used 
or vice versa. It must be remembered, however, 
that to measure the solubility of the material 
all the way through, the moldings tested must be 
subdivided into small particles in some fashion, 
since otherwise being little soluble they would be 
little penetrated by acetone. Acetone extrac- 
tion values are partly dependent upon how fine 
or thin these particles are and the heat generated 
in producing them. 

{2) Brittle Temperature The brittle 

temperature test is a measure of the temperature 
at which a normally nonrigid plastic reaches a 
specified degree of brittleness. It is, therefore, 
some measure of the lowest temperature at 
which such material is useful. 

(3) Deformation Undm Load.—Th.Q deforma- 
tion under load test gives a measure of the 
ability of electrical insulation to withstand 
compression, without yielding and loosening the 
assembly, in assemblies of conductors and 
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insulators, wMch are held together by bolts or 
rivets. . It,, also gives some measure of hardness. 
The size and shape of the specimen, the duration 
of the test, and the temperatures and pressures 
employed are matters , of arbitrary choice. 
Under other conditions materials may yield to 
greater or lesser extents.. 

(4) Distortion Under Beat . — ^The distortion 
under heat test is a measure of the softening 
effect of., heat upon .electrical insulation. The 
size and shape of the test specimen, the magni- 
tude of the distorting load applied, and the 
distortion observed, as evidence that a certain 
temperature is required to soften the material, 
however, are ail matters of arbitrary choice. 
With other shapes and conditions of loading the 
effect of heat may be more or less pronounced. 

(5) Flow Temperature^ Mobility, and Powder 
7\.sis.—T}iQ flow temperature, mobility, and 
powder tests are applicable to molded electrical 
insulating materials as supplied for molding. 
The first two, respectively, are measures of 


grades of plasticity in specific thermoplastic and 
thermosetting molding .ma.teria.ls. The tlii.rd 
provides measures of the bulk, of such materials 
and of the particle size and . pourabiiity oi, 

granular materials. 

(d) Shrinkage . — Molded electrical insulation 
shrinks to dimensions less than the dimensions 
of the mold in which it is produced and .hence 
such shrinkage governs the exact dimensions 
of the molded part produced. The magnitude 
of the shrinkage depends upon the design of the 
mold and the molding conditions em.ployed.,as 
■well as the material. The, shrin.kage .test 
measures shrinkage in a specified mold- which 
tends to minimize shrinkage and is a measure of 
batch-to-batch uniformity ' rather than ol 
shrinkages which should be ex|}ected in all 
molded parts of a given material. 

(J) Stiffness . — The stillness test provides a 
measure of an apparent modulus of elasticity. 
It gives an index of the ease with which a 
material may be bent or deformed. 


Tentative Method of Test for 

COMPRESSIVE STRENGTH OF ELECTRICAL INSULATING 

MATERIALS! 


A.S.T.M. Designation: D <549 - 42 T 

Issued, 1941; Revised, 1942.* 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. This method of test covers a gen- 
eral procedure for determining the com- 
pressive strength of various solid 
electrical insulating materials. How- 
ever, modifications are found desirable 
for different types of such materials and 
existing methods of the American Soci- 
ety for Testing Materials covering the 
requirements for test of a given material 
should be consulted for special details 
that may apply. 

Note. — ^In the case of a material which fails 
in compression by a shattering fracture, the 
compressive strength has a very definite value. 
In the case of materials which do not fail in 
compression by a shattering fracture, the value 
obtained for compressive strength is of arbitrary 
value depending upon the degree of distortion 
which is regarded as indicating complete failure 
of the material. 

Apparatus 

2. Any universal testing machine may 

^ 5 Under the standardizationSprocedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee I>-9 on Electrical Insulating Materials. 

» Revision accepted by the Society at annual meeting 
June, 1942, 


be used provided it is accurate to 1 per 
cent of the lowest load to be applied. 
One end of the specimen shall bear 
upon an accurately centered spherical 
bearing block located wherever prac- 
ticable at the top. The metal bearing 
plates shall be directly in contact with 
the ends of the specimen. 

Test Specimens 

3. Test specimens shall be of the size 
prescribed for the material being tested. 
A primary requirement for all test speci- 
mens is that the ends shall be flat and 
perpendicular to the axis. Unless more 
particularly specified elsewhere the di- 
mensions should conform to the following: 

[а) Molded Materials — A cylinder 
having a height of 1.25 in. (31.8 mm.) 
and a diameter of 1,125 in. (28.6mm.). 

(б) Laminated Tubes.— A stciion oi 
the tube 1 in. in length. 

(c) Sheet and Plate , — ^A l-in. cube for 
sheets 1 in. or over in thickness; for 
sheets less than 1 in. in thickness a pile 
of sheets l-in. square with a minimum 
number of layers to produce a height of 
at least 1 in. 
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^ {d). Round Rods . — section of the 
rod. 

Coaditioning Test Specimens 

4. Unless otherwise specified, speci- 
mens prior to testing shall be brought 
to a standard condition in accordance 
with the Tentative Methods of Con- 
ditioning, Plastics and Electrical Insu-. 
lating Materials for Testing (A.S.T.M. 
Designation: D 618) of the American 
Society for Testing Materials.^ 

Procedure 

5. fa) Five conditioned specimens 
shall be tested at room temperature, or 
at other temperatures as specified. 

(b) The crosshead speed of the testing 
machine shall be such that the load can 
be accurately weighed, but shall not 
exceed 0,050 in, per min, (1,27 mm. 
per min.) when the machine is running 
idle. 

{c) Molded materials shall be tested 
with the load applied on the ends of the 
specimen. 

(d) Laminated tubes shall be tested 
axially with the load applied perpendic- 
ular to the faces or ends of the specimen. 
Specimens shall also be tested diametri- 
cally with the load applied perpendicular 
to the tangent at the point of application. 

(e) Rods shall be tested with the load 
applied perpendicular to the faces or 
ends of the specimen. 


• Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


if) Sheet and plate materials 1 in. 
and over in thickness shall, be tested both 
flatwise and edgewise, and cut both 
crosswise and lengthwise of the sheet. 
Thinner sheets shall be tested only flat- ■ 
wise and in piles. 

Report 

6. The report shall include the fol-, 

lowing: 

(i) The significant dimensions of^ each 
specimen in inches measured to the 
nearest 0.CK)1 in., or in millimeters to the 
nearest 0.025 mm. and the direction of 
cutting for sheet and plate specimvns. 
Thickness is the thickness of sheet or 
plate, or the dimension parallel to the ap- 
plication of molding pressure for molded 
specimens, 

• (2) The load on each specimen in 
pounds or kilograms at the first sign of 
failure and the direction of application 
of the load, 

(3) The ultimate compressive strength 
in pounds per square inch, or kilograms 
per square millimeter, for molded materi- 
als and sheets and plates calculated 
from the measured area before the load 
is applied and for rods and tubes cal- 
culated from the data obtained on the 
application of the load perpendicular to 
the face of the specimen, 

(4) The rate at which the load was 
applied, and 

(5) Any condition of the specimen or 
test which has not been standardized for 
the material. 



Tentative Methods of 


CONDITIONING PLASTICS AND ELECTRICAL INSULATING 
MATERIALS FOR TESTING » 



A.S.T.M. Designation: D 618 - 46 T 

Issued, 1941; Revised, 1944, 1945, 1946.® 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures. for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. Many plastics and electrical in- 
sulating materials respond to tempera- 
ture and relative humidity in a manner 
that materially affects test results. In 
order that reliable comparisons may be 
made of different materials and between 
different laboratories, it is necessary to 
Standardize the temperature and hu- 
midity conditions to which these mate- 
rials are subjected prior to and during 
testing. These methods define pro- 
cedures for conditioning plastics and 
electrical insulating materials prior to 
testing, and the conditions under which 
they shall be tested. 

Befinitions 

2. (a) Siandard Laboratory Atmos^ 
f here. —An atmosphere having a relative 
humidity of 50 ± 2 per cent at a tem- 
perature of 25 ± 1C. (77 db 1.8 F.) 
shall be the Standard Laboratory 
Atmosphere. 

1 Under the standardization procedure of the Society, 
these methods are under the joint jurisdiction of the 
A.S.T.M. Committee D-9 on Electrical Insulating Mate- 
rials and Committee D-20 on Plastics. 

* Latest revision accepted by the Society at annual 
meeting, June, 1946. 


(b) Standard Room Temperature. — An 
atmosphere of unspecified relative hu- 
midity at a temperature in the range of 
20 to 30 C. (68 to 86 F.) shall be the 
Standard Room Temperature. 

{c) Standard Test Temperatures . — 
When the effect of temperature on a 
property is to be determined or reported, 
the test temperatures shall be chosen 
from the following: 

Test Temperatures Tolerance, 

plus or minus 

-70 C. (-94 F.) 2.0 C. (3.6F.) 

-55 C. (-67 F.) 2.0 C. (3.6 F.) 

-40 C. (-40 F.) 2.0 C. (3.6 F.) 

-25 C. (-13 F.)............ 2.0 C. (3.6 F.) 

O C. (32 F.)......... ... 1.0 C. (1.8 F.) 

25 C. (77 F.)...., 1.0C. (1.8F.) 

50 C. (122 F.)... 1.0 C. (1.8 F.) 

70 C. (158 F.) 1.0 C. (1.8 F.) 

90 C. (194 F.) 1.0 C. (1.8 F.) 

105 C. (221 F.) 1.0 C, (1.8 F.) 

Conditioning Prior to Test 

3. {a) Standard Procedure.— 

specimens J in. or less in thickness shall 
be conditioned in the Standard Labora- 
tory Atmosphere (with adequate air cir- 
culation) for a minimum period of 40 hr. 
immediately prior to testing. Test 
specimens greater than | in. in thickness 
shall be conditioned in the Standard 
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Laboratory Atmosphere, (with . adequate 
air circulation) for a minimum period of 
88 hr. immediately prior to testing. The 
'Standard Procedure shall be used, unless 
otherwise .specified. 

Note 1. — Standard Procedure is generally 
satisfactory and recommended for use unless 
fimctional procedures are specified. 

{i). Functional Procedure A , — Test 
specimens shall be conditioned for a 
period of 48 hr. in a circulation air oven 
at a temperature of SO 3 C. (122 db 
5.4 F.) . The specimens shall be removed 
from the oven and cooled to the Stand- 
ard Room Temperature in a desiccator 
over anhydrous calcium chloride (or 
other suitable desiccant) for a period of 
at least 16 hr. immediately prior to 
testing. 

Note 2. — Functional Procedure A is recom- 
mended for use wherever the specific effects of 
drying are to‘ be determined. 

{c) Functional Procedure .S.— Test 
specimens shall be conditioned for a 
period of 96 zb 2 hr. at a temperature of 
35 ib 2 C. (95 zb 3.6 F.) in an atmos- 
phere of 90 per cent relative humidity, 
the tolerances on humidity being rb 2 
per cent for general purposes and zJz 1 
per cent for referee purposes. 

Note 3. — Functional Procedure B is recom- 
mended for use wherever the specific effects of 
exposure to severe atmospheric moisture are to 
be determined. 

■ Tests at N ormal Temperatures 

4, {a) Unless otherwise specified, ma- 
terials conditioned according to the 


Standard ■ Procedure shall be tested in 
the .Standard Laboratory Atmosphere. 

. (6) Unless otherwise specified, mate- 
rials conditioned according to Functional 
Procedure A shall be tested at Standard 
Room Temperature conditions. Not 
more than f hr. shah elapse between, 
removal of, the specimens from, .the, 
desiccator and the -start of the: tests. : . 

{c) Unless ■ otherwise specified, ' mate- ’ 
rials conditioned according to Functional 
Procedure B shall be tested in the same 
atmosphere (Section 3 {c)). 

Tests at Other Standard Test Tempera- 
tures (See Section 2 {c)) 

5. All materials shall be transferred 
to the test conditions within | hr., prefer- 
ably immediately, after completion of 
the conditioning. The specimens shall 
beconditioned at the test temperature for 
not more than 5 hr. prior to tests, and in 
no case less than the time required to 
insure thermal equilibrium. 

Selection of Conditioning Procedure 

6. {a) In the case of materials covered 
by A.S.T.M. specifications, reference 
should be made thereto to determine the 
conditioning procedures to be used. 

(h) In the case of all other materials, 
choice between the conditioning pro- 
cedures should preferably be based on 
the one which gives the most re- 
producible test results. 

Report 

7. The report shall state the condi- 
tioning procedure used and the atmos- 
pheric conditions under which the tests 
were made. 



Tentative Method of Test for 

FLEXURAL STRENGTH OF ELECTRICAL INSULATING 

MATERIALS* 



A.S.T.M. Designation: B 650 42 T 
Issued, 1941; Revised, 1942.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test covers a gen- 
eral procedure for determining the flex- 
ural strength of various solid electrical 
insulating materials. However, modifl- 
cations are found desirable for different 
types of such materials and existing 
methods of the American Society for 
Testing Materials covering the require- 
ments for test of a given material should 
be consulted for special details that 
may apply. 

Note. — For molded materials, the type of 
mold used to produce test specimens has an 
effect on the results obtained. Cooperating 
laboratories should, therefore, standardize mold 
and testing procedure to obtain concordant 
results. 

Apparatus 

2. Any universal testing machine may 
be used provided it is accurate to 1 
per cent of the lowest load to be ap- 
plied. The specimen shall be tested as 
a simple beam, resting on two parallel 
supports, and loaded at the center by 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Revision accepted by the Society at annual meeting. 
Fine, 1942. 


means of a pressure piece to apply the 
load crosswise of the beam. The dis- 
tance between supports shall be eight 
times the nominal height of the speci- 
men in test position but not less than 
I in., or for laminated round rods not 
more than 4 in. For electrical porcelain, 
the supports shall be 5 in. apart. Pins 
may be added to the supports to keep 
very narrow specimens in a vertical 
position. The radius of all contact 
edges shall be | in. (3.18 mm.), except 
as otherwise specifled. 

Test Specimens 

3. Test specimens shall be of the size 
specified for the material being tested, 
but unless more particularly specified 
elsewhere, should conform to the fol- 
lowing: 

' {a) Molded Specimens | 

by i by 5 in, or of such lesser thickness 
as is considered representative. 

(J) Sheet and Plate , — Width of | in., 
except for specimens over f in. in thick- 
ness tested in the flatwise direction in 
which case the width shall be equal to 
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the', thickness ,of the specimen. The 
'thickness shah be^ the Ml.. thickness of 
the sheet. ,,,The length shall be 1 in. 
greater than .the distance between sup- 
ports. ', 

{c) . Lammated , Rotmid Rods , — A sec- 
tion of rod 5 in. in length. 

(d) Electrical Porcelain , — Round rods 
1,-| in. in diameter by 6 in. in length. 

Conditionmg Test Specimens 

4. Unless ■ otherwise specified, speci-' 
mens prior to testing shall be brought to 
a standard condition in accordance with 
the Tentative Methods of Condition- 
ing Plastics and Electrical Insulating 
Materials for Testing (A.S.T.M. Desig- 
nation: D 618) of the American Society 
for Testing Materials.® 

Thickness Measurements 

5. All thickness measurements shall 
be made using a machinist’s micrometer 
as described in method B of the Stand- 
ard Methods of Test for Thickness of 
Solid Electrical Insulation (A.S.T.M. 
Designation: D 374) of the American 
Society for Testing Materials.® 

Procedure 

6. (a) Not less than five specimens 
(conditioned when necessary) shall be 
tested at room temperature, or at other 
temperatures as specified, for each 
strength value to be determined. 

(&) The crosshead speed of the testing 
machine shall be such that the load can 
be accurately weighed, but shall not 
exceed G.050 in. per min. (1.27 mm. per 
min.) when the machine is running idle. 
Measurements of deflection may be 
made for very elastic materials. 

(c) Molded materials shaE be tested 
with the load applied crosswise of the 
specimen turned so that its thickness, or 
dimension parallel to the application of 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


molding' pressure, becomes' the width of 
the beam. Thin , specimens less than 
J in. in thickness which tend to tip over 
may be assembled to give a composite 
specimen approximately | in. in width 
held together by a rubber band or other 
light clamp. 

(d) Sheet and plate materials shall be 
tested with specimens turned both flat- 
wise and edgewise, and cut both cross- 
wise and lengthwise of the sheet (Note). 

Note. — For a description of the testing of 
sheet and plate materials for flexural strength, 
reference should be made to Sections 3 and 7 to 
10 of the Standard Methods of Testing Sheet ^ 
and Plate Materials Used in Electrical Insulation 
(A.S.T.M. Designation: D 229) of the American 
Society for Testing Materials.^ 

Calculation and Report 

7. (a) Calculation , — The maximum 
fiber stress in pounds per square inch or 
kilograms per square centimeter shall be 
calculated as follows: 

For bars of rectangular cross-section: 


For bars of circular section: 

o ^Ri 

w^here: 

S = maximum fiber stress, 

P = breaking load in pounds or 
kilograms, 

/ = distance between supports in 
inches or centimeters, 

5 = width of the beam as tested in 
inches or centimeters, and 
d == depth of the beam as tested or 
diameter of specimen in inches 
or centimeters. 

(6) ReporL—Th.t report shall include 
the foEowing: 

(i) The depth and width (or diameter 
determined from at least two measure- 
ments 90 deg. apart) of each specimen 
measured by a micrometer (Section 5) 
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expressed in inches to the nearest 0.(X)1 
in* or in : centimeters to • the nearest 
0*025 mm., '■ „ 

(2) The direction of cutting and load- 
ing specimens of sheet and plate materi- 
als (see Note, Section 6 (d)), 

(J) The breaking load in pounds or 
kilograms, 

(4) The maximum fiber stress in 
pounds per square inch or kilograms per 
square centimeter calculated in ac- 
cordance with Paragraph (a), 


(5) The rate' at which the load was 

applied, 

(6) The maximum deflection; at the 
center, in inches or milimeters if 

measured, 

(7) A description of the fracture if 

significant, 

(8) Any condition of the specimen 
which has not been standardized for the 
material, and 

(9) Any other information ' required 
under a specific material test method. 


APPROVED AS 

STAHBARD 

BY THE' AMERICAN STANDARDS ASSOCIATION 
ASA NO.: C59.11~1944 


Tentative Methods of Test for 

IMPACT RESISTANCE OF PLASTICS AND ELECTRICAL 
INSULATING MATERIALS' 


Ip) 

A.S.T.M. Designation: B 2S6 - 43 
Issued, 1941; Revised, 1943 ® \ ' 

These Tentative Methods .have been, approved by:-. the sponso.riiig com- 
mittee and accepted by the Society .in accordance with established proce-. 
dures, for use pending , adoption, as standard. ..Suggestions for revisions 
should be addressed to the Society at ■.1916 Race St,, Philadelphia 3, Pa. 


:ScOp-e : ' , 

L (a) These methods' of test are in-- 
tended to determine the relative sus- 
ceptibility to fracture by shock of plastic 
materials and electrical insulating ma- 
terials as indicated by the energy ex- 
pended by a ' standard pendulum' type 
impact machine in breaking a standard 
specimen in one blow. 

(6) There are two t)^s of pendulum 
impact machines and related methods of 
test, which use different specimens' and 
differ in the method of , holding and 
striking the specimen. Each specimen 
and method has characteristics that may 
dictate its use. Results by the different 
methods cannot be directly compared, 
because impact values determined by the 
two methods may : be numerically dif- 
.ferent . , ' 

1 Under the standardization procedure of the Society, 
these methods are under the joint jurisdiction of the 
A.S.T.M. Committee D-9 on Electrical Insulating Ma- 
.terials and Committee D- 20 on Plasties; . , . 

^ Revision accepted by Committee E-IO on Standards, 
September 24, 1943. 

Prior to their present publication .as , .tentative, these 
methods were published as tentative from 1926 to 1938, 
being revised in 1928, 1932, 1934, and 1938 They were 
adopted in 1938, published as standard from 1938 to 1942, 
but withdrawn as standard ib 1942, 


(c) Method J is the cantilever beam 
or Izod type test in which the specimen 
is held as a cantilever beam', (usually 
vertical) and is broken ■ by a blow - de- 
livered at a fixed distance from the edge 
of the specimen clamp. The test.' re- 
quires a notched specimen in ail cases. 
The ■ notch is intended to produce a 
standard degree of stress concentration. 

(d) Method B is' the simple beam or 
Charpy type test in which the specimen 
is supported as a simple beam (usually 
horizontal) and ' is broken by a ■ blow 
delivered midway between the supports. 
.In this test the specimen may be either 
plain or notched, as required by the 
characteristics of the material tested. ■ 

Method A, Cantilener Beam (Izod Type) 
fTest ■ 

Apparatus 

2 . , (a) The machine for method A shall 
be of the pendulum type as ^ shown in 
Fig. 1, of rigid construction, and accurate 
to 0.01' ft-lb. for readings of less than 
1 ft-lb. and to 1 per cent for higher 
values. Accurate correction shall foe 
made for friction and windage losses. 
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(5) The dimensions of the machine 
shall be such that the center of percus- 
sion of the striker (Note) is at the point 
of impacty that iSj the center of the 
■striking, edge. 

Note*-^ distance from the axis of sup- 
port to the center of percussion, I, may be deter- 
mined experimentally from the period of oscilla- 
tion of the pendulum through a small angle by 
means of the expression I — 0.81 where P 
is the time.in seconds of a complete swing (to 
and fro). 


Pohi of Impocf 



Fig. 1. — Cantilever Beam (IzodType) Impact 
Machine. 


(c) The pendulum shall be released 
from such a position that the linear 
velocity of the center of the striking edge 
at the instant of impact shall be approxi- 
mately 11 ft. per sec., which corresponds 
to an initial elevation of this point of 
2 ft. 

(d) The striking edge of the pendulum 
shall be a circular cylindrical surface of 


radius, with , its axis horizontal. 
The cylindrical ■ surface shall be, when 
the pendulum is hanging free, tangent to 
the specimen in a line 0.866 in. above 
the top surface of the vise. The pendu- 
ium above the cylindrical portion of the 
striking edge shall be recessed or inclined 
at a suitable angle so that there is no 
chance of its coming in contact with the 
specimen during the break. 

(e) Means shall be provided for clamp- 
ing the specimen rigidly in position with 
the edges of the supporting surfaces at 
90-deg. angles. 

(/) Means shall be provided for de- 
termining the impact value of the speci- 
men, which is the energy expended by the 
machine in breaking the specimen. This 
value is equal to the difference between 
the energy in the pendulum blow and the 
energy remaining in the pendulum after 
breaking the specimen, after suitable 
correction has been made for windage 
and friction. 


Test Specimen 

3. {a) The test specimen shall conform 
to the dimensions shown in Fig. 2, except 


§ 

Ci 



Thickness of Specimen shall be 
in Accordance wifh Secilon J 


Fig. 2. — Cantilever Beam (Izod Type) Impact 
Test Specimen. 


as modified in accordance with Para- 
graphs (5), (c), and (d). To insure 
duplication of the correct contour of the 
specified notch, all specimens shall be 
notched with a special formed milling 
cutter or other equivalent means and in 
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such; mamier that the bottom ol the- 
.notch is. smoothj straight^ and free of 
scratches.".. 

(b) For molded material (Note 1) the 
specimen shall be.|.iii. by any dimension 
of I in. or less agreed upon -as represent- 
.ative of the cross-section in which the 
particular material is to be used. For 
all specimens having one dimension less 
than I in., the notch shall be cut in the 
narrower side.' For all compression 
molded specimens, the notch shall be in 
the side parallel to the direction of appli- 
cation of the molding pressure (Note 2), 

Note 1. — ^The type of mold used to produce 
test specimens has an effect on the results ob- 
tained. Cooperating laboratories should, there- 
fore, agree upon standard molds conforming to 
the Tentative Specifications for Molds for Test 
Specimens of Molding Materials Used for Elec- 
trical Insulation (A.S.T.M. Designation: D 647) 
of the American Society for Testing Materials,® 
and upon molding procedure, to obtain con- 
cordant results. 

Note 2 , — The impact strength may be dif- 
ferent if the notch is perpendicular to the 
direction of molding instead of parallel. 

(c) For sheet material the specimens 
shall be cut from the sheet in both the 
lengthwise and crosswise directions, un- 
less otherwise specified (Note 3). The 
thickness shall be the thickness of the 
sheet except that it shall not exceed J in. 
Sheet material thicker than J in. shall be 
machined down to | in. Such material 
I in. or thicker than | in. may be tested 
either edgewise or flatwise, as specified. 
When specimens are tested flatwise, the 
notch shall be made on the machined 
surface if the specimen is machined on 
one side only. When the specimen is 
cut from a thick sheet, notation shall be 
made from what portion of the thickness 
of the sheet the specimen is cut, for ex- 
ample, center, top surface, or bottom 
surface. 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Note 3.— In referring 'to the cutting of the 
specimens of laminated sheet materials and the 
application, of the load, the following descrip- 
tions of terms apply: 

Flatwise , — ^Load applied to the flat .side of 
the ori^nal sheet or plate. 

Edgewise , — Load applied to the edge ; of 
the origi.nal sheet or plate. 

Lengthwise . — In t.he direction of the length 
of the sheet. 

Crosswise . — .In the direction at right, angles 
to the direction of the length of the sheet. 
When the sheet has the same length and 
width, one dimension shall arbitrarily be desig- 
nated as the direction and the other as the 

direction. 

(d) When the individual specimen is 
less than I in. in thickness, the test speci- 
men may be a composite specimen con- 
sisting of a number of individual thin 
pieces aggregating as nearly as possible 
I in. in thickness. The individual mem- 
bers of the test specimen shall all be 
accurately aligned with each other and 
shall be tested edgewise. Single speci- 
mens less than ^ in. in thickness may be 
used, provided the width is sufficient for 
firm, accurate clamping and the impact 
value of the material is sufficiently high 
to be accurately determined by a ma- 
chine of the capacity used. 

Conditioning Test Specimens 

4. Specimens shall be preconditioned 
and tested in accordance with the Tenta- 
tive Methods of Conditioning Plastics 
and Electrical Insulating Materials for 
Testing (A.S.T.M. Designation: D 618)3 

Procedure 

5. (a) At least five individual deter- 
minations of impact value shall be made 
under the conditions prescribed in Sec- 
tion 4. 

(5) The . test specimen shall, be rigidly 
clamped with the center line of the notch 
on the level of the top of the clamping 
surface (Note) and the blow shall be 
struck on the notched side. 

(c) When a composite specimen is 
used, the individual members shall be 
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held closely in contact and accurately 
aligned with each other when clamped 
.(No'te). , , 

\ Note^ — I t is ..recommended that a 'jig or 
template be used to locate the specimen in the 
: jawst as specified. 

Report 

6. The report shall include the fol- 
lowing: 

(1) A statement indicating the size of 
specimen, the method of test and type 
of preconditioning used, and, for sheet 
materials, the direction of testing and 
whether the specimens w^ere cut length- 
wise or crosswise from the sheet, 

(2) The value of energy expended in 
breaking each individual specimen ex- 
pressed in foot-pounds per inch of notch, 
determined by dividing the energy in 
foot-pounds expended in the individual 
test by the actual dimension in inches 
along the notch of the specimen broken 
in each test, and whether a single or a 
composite specimen was used and also 
the direction of cutting the specimen, 
and 

(J) The average of the values given in 
Item (2), the average thickness of the 
individual specimen, and the number of 
such specimens broken in each operation 
of the machine. 

Method B. Simple Beam (C harpy 
Type) Test 

Apparatus 

7. (a) The machine for Method B shall 
be of the pendulum type as shown in 
Fig. 3, of rigid construction, and ac- 
curate to 0.01 ft-lb. for readings of less 
than 1 ft-lb, and to 1 per cent for higher 
values. Accurate correction shall be 
made for friction and windage losses. 

(6) The dimensions of the machine 
shall be such that the center of percus- 
sion of the striker (Note, Section 2) is at 


the point of impact, that is, . the .center 
of the striking edge. .■ 

(c) The pe'nduium shall be released 
from such a position that the linear 
velocit}^ of the center of the striking edge 
(center of percussion) at the instant of 
impact shall be approximately 11 ft. per 
sec., which corresponds to an initial 
elevation of this point of 2 ft. 

(d) The striking edge of the pendulum 
shall be tapered to have an included 





Fig. 3, — Simple Beam (Charpy Type) 
Impact Machine. 


angle of 45 deg. and shall be rounded to 
a radius of 0.125 in. It shall be so 
aligned that in the case of rectangular 
specimens it will make contact across the 
full width of the specimen. 

(e) The test specimen shall be sup- 
ported against two rigid blocks in such a 
position that its center of gravity shall 
lie on a tangent to the arc of travel of 
the center of percussion of the pendulum 
drawn at the position of impact. The 
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edges of the, blocks shall be rounded to a 
radius of 0. 1 25 in . , and ■ the points of sup- 
port shall be 4 .in, apart. 

(/), Means shall be provided for deter- 
mining the impact value of the specimen, 
which is the energy expended by the 
.machine in breaking the specimen. ■ This 
. value 'is '.equal . to the difierence between 
the energy in the pendulum blow and 
the energy remaining in the pendulum 
after breaking the specimen, after suit- 
able correction has been made for fric- 
tion .and windage. . 

Test Specimen 

8. (a) For materials other than ceramic 
materials, the test specimen shall con- 
form to the dimensions shown in Fig. 4, 





Thickness of Specimen shoff 
be in Accordance with Sediong 


Fig. 4. — Simple Beam (Charpy Type) Impact 
Test Specimen. 

except as modified in accordance with 
Paragraphs (5), (c), and (d). The notch, 
when used, shall be milled with a special 
formed milling cutter or machined by 
other equivalent means to insure dupli- 
cation of correct contour and in such 
manner that the bottom of the notch is 
smooth, straight, and free of scratches. 

(5) For molded material (Note 1, Sec- 
tion 3), the specimen, shall be f in. by any 
dimension of | in. or less agreed upon as 
representative of the cross-section in 
which the particular ..material is to be 
used. For all specimens having one 
dimension less than | in., the notch, when 
used, shall be cut in the narrower side. 
For all compression molded specimens, 


.the notch shall be in., the side parallel to 
the direction of. application of the 

molding pressure. 

(c) For sheet material, the thickness 
shall be the thickness of the sheet . except 
that it shall not exceed | in. Sheet ma- 
terial thicker, thaii ,| in., shall be ma- 
chined down to I in. Sheet material 
thicker than I in. may be tested' either 
edgewise or flatwise, as specified, and 
may be cut from the sheet either length- 
wise or crosswise, as specified (Note .3, 
Section 3). When specimens are tested 
flatwise, the notch, when used, shall be 
made in the original surface. 

(d) When the individual specimen is 
less than f in, in thickness, the test 
specimen may be a composite specimen 
consisting of a number of individual thin 
pieces aggregating as nearly as possible 
I in. in thickness. The individual mem- 
bers of the test specimen shall all be 
accurately aligned with each other and 
shall be tested edgewise. Single speci- 
mens less than | in. in thickness may be 
used, provided the width is sufficient to 
insure stability during the test and the 
impact value of the material is suffi- 
ciently high to be accurately determined 
by a machine of the capacity used. 

(e) Ceramic Material . — For ceramic 
materials, the specimen shall be an un- 
notched cylinder 6 in. in length. The 
diameter shall be 0.5 in., 0.75 in., or 
1.125 in., whichever value is comparable 
to that of the finished product. 

Conditioning Test Specimens 

9. Except for ceramic materials, speci- 
mens shall be preconditioned and tested 
in accordance with the Tentative Meth- 
ods of Gonditioniiig Plastics and Elec- 
trical Insulating Materials for Testing 
(A.S.T.M. Designation: D 618).® 

Procedure 

10. (a) At least five .individual deter- 
minations of impact value shall be made 
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under the conditions prescribed in Sec- 
tion 9. 

(J) The test specimen shall be sup- 
ported against the steel blocks so that 
the blow will be struck at the center of 
the specimen, and on the side opposite 
the notch for notched specimens. 

(c) When a composite specimen 
used, the individual members shall be 
closely in contact and accurately aligned 
with each other. 

Report 

11. The report shall include the fol- 
lowing: 

(Jf) A statement indicating the size of 
specimen, the method of test and t 3 rpe 
of preconditioning used, and, for sheet 
materials, the direction of testing and 
whether the specimens were cut length- 
wise or crosswise from the sheet, 


■ ( 2 ) For ceramic materials, the energy 
expended in breaking each individual , 
specimen expressed directly, and for . 
other materials, the value of energ>^ ex- 
pended in breaking each individual 
specimen expressed in foot-pounds per 
inch of notch, or per inch of width of the 
is face of the specimen against which the 
hammer strikes, determined by dividing 
the energy in foot-pounds expended in 
the individual test by the actual dimen- 
sion in inches along the notch or face of 
the specimen broken in each test; also, 
whether a single or a composite speci* 
men was used, and 

(J) The average of the values given in 
Item (2), the average thickness or diam- 
eter of the individual specimen, and the 
number of such specimens broken in each 
operation of the machine. 


Tentative Method of Test for 

TENSILE STRENGTH OF MOLDED ELECTRICAL 
INSULATING MATERIALS* 



A.S.T.M. DesignaMon: I) 651 - 42 T 
Issued, 1941 ; Revised, 1942 2 

TMs Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test covers the 
general procedure for determining the 
tensile strength of various molded elec- 
trical insulating materials. However, 
modifications in the procedure may be 
desirable for difierent types of such 
materials and existing methods of the 
American Society for Testing Materials 
covering the requirements for testing a 
given material should be consulted for 
special details that may apply. 

Apparatus 

2. Any universal testing machine may 
be used, provided it is accurate to 1 per 
cent of the lowest load to be applied. 
Special specimen holders made of steel, 
as shown in Fig. 1, shall be used for 
such test specimens as are of a shape to 
fit them. The specimen holders shall 
be attached to the heads of the testing 
machine by links held so that the pull 
is central to avoid any transverse 

1 Under the standardization procedure, of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Revision accepted by the Society at annual meeting, 
June, 1942. 


strain. Equally suitable holders, suit- 
ably mounted, shall be used for speci- 
mens of other shapes. 

Test Specimen 

3. Unless otherwise required, the test 
specimen for hot-molded and plastic 
cold-molded materials shall be molded 
to the form and dimensions shown in 
Fig. 2, the use of either the l-in. or the 
J-in. specimen being permissible. Values 
for tensile strength obtained with these 
two specimens may be unequal and in 
such cases the specimen which is con- 
sidered most representative of the mate- 
rial and its intended use shall be tested. 
Mold 

4. The specimens ‘shall be molded in 
molds conforming to Fig. 3 of the Tenta- 
tive Specifications for Molds for Test 
Specimens of Molding Materials Used 
for Electrical Insulation (A.S.T.M. Des- 
ignation: D 647) of the American 
Society for Testing .Materials.® The 
pressure and other molding conditions 
used in molding test specimens shall be 
agreed upon by the seller and the pur- 
chaser. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Fig. 1. — Specimen Holder. 

Thickness of Spacing Plate, C 

For H-in. specimen.. 0.125 in, (3.2 mm.) 

For specimen 0.062 in. (1.6 mm.) 



-3"/?.— rpg 

(76.2 — 






I y DOOM I 

I >(t5.4mm.)\ jV 

'k—~ 1.750"— y 
I (44.4mtn.) I 

Fig. 2.— -Tension Test Specimen. 

Dimension A 

For H-in. specimen. ...... — ..... — ...... 0.125 in. (3.2 mm.) 

For yi-m. specimen. 0,250 in. (6.3 mm.) 


Dimension B 
0.250 in, (6.3 mm.) 
0.37S in. (9.5 mm.) 


Note.— T o permit the use of one mold for all molding compounds the followiag variations in dimensions of the test 
i^>«dmen wffl WB pcrims® , , 

For ho>t*molded compounds,'. .. ;;ss.. •••. .• . deS per cent ' 

For coM^molded ' 3^^ 
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Coiid.itioiii.ag Test . Spedmeiis ■ 

,5. Unless otherwise specified, all speci- 
. mens prior to testing shall be conditioned 
in accordance with, the Tentative 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (A.ST.M. Designatio,n: D 618) of 
the American. Society for Testing Mate- 
rials.® . , , 

Test, CGHditions^ 

6. Tensile strength tests for materials 
conditioned (Section 5) by the Standard 
P,rocedure iii A.S.T.M. Methods D 618 
shall be performed at 25 =b 1C. (77 db 
1.8 F.) and 50 dr 2 per cent relative 
humidity- For materials conditioned 
by Functional Procedure A in 
Methods D 618, these tests shall be 
performed at 25 dr 2 C. (77 dr 3.6 F.) 
and the humidity prevailing in the 
laboratory. If, because of lack of equip- 
ment, materials conditioned by the 
Standard Procedure in Methods D 618 
cannot be tested under controlled 
humidity, the effect of exposure between 
conditioning the testing shall be estab- 
lished and reported. 

Procedure 

7. Five conditioned specimens shall 
be tested for each type of molded mate- 

4 This section editorially revised in October, 1945, and 
January, 1947. 


rial, ■ each specime.n being properly 
aligned in the hoMe,rs and .broken.. 
The crosshead spe,ed. .of the .testing ma-„ 
chine shall be ■ such that the load can, 
be accurately weighed but shall not 
exceed 0.050 in. per min. (1.27 mm., per, 
min.) with the machine running id,i,e.,. . . , 

Report 

8. The report shall include the foliow- 

ing: 

(1) - The breaking load of each speci- 
men in pounds or kilograms, 

(2) The thickness and width of each 
specimen in inches or millimeters as 
measured by a micrometer at the center 
of the specimen, that is, the point of 
minimum section. 

(3) The ultimate tensile strength in 
pounds per square inch or in kilograms 
per square millimeter of each specimen, 
calculated from the minimum area 
measured at the center of the test speci- 
men before the load is applied, 

(4) The character of the material 
tested, with a description of the fracture 
and its location with respect to the mid- 
dle point of the specimen, 

(5) The speed in inches or millimeters 
per minute at which the head of the 
testing machine traveled during the 
test, and 

(6) The elongation in inches or milli- 
meters if determined. 


'^Tentative Speciji cations for 
LAMINATED THERMOSETTING MATERIALS* 



A.S.T.M. Designation: D 709 - 46 T 
Issued, 1943; Revised, 1944, 1946.2 

Tliese Tentative Specifications liave been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover lam- 
inated thermosetting materials con- 
sisting of two or more plys or layers of 
sheet fillers bonded by a thermosetting 
t3T>e of synthetic resin. Examples of 
stich sheet fillers are cellulose paper, 
asbestos paper, cotton fabric, asbestos 
fabric, glass fabric, wood veneer, etc. 

Note 1,— -These specifications do not cover 
special grades of material for radio or similar 
critical electrical applications. These grades are 
covered by the Tentative Specifications for 
Phenolic Laminated Sheet for Radio Applica- 
tions (A.S.T.M. Designation: D467)® and the 
Tentative Specifications for Round Phenolic 
Laminated Tubing for Radio Applications 
(A.S.T.M, Designation: D 616)3 of the American 
Society for Testing Materials. 

Note 2. — ^The properties included in these 
specifications are those required to identify the 
types and grades of laminated thermosetting 


I Under the standardization procedure of the Society, 
these specifications are under the joint jurisdiction of 
A.S.T.M. Committees D-9 on Electrical Insulating Mate- 
rials and D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to 
insure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

* Latest revision accepted by the Society at annual 
meeting, June, 1946 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


materials covered. There may be other require- 
ments necessary to identify particular char- 
acteristics. These will be added to the 
specifications as their inclusion becomes gener- 
ally desirable and the necessary test data and 
methods become available. 

Types and Grades 

2. Types and Grades . — The types 
and grades of laminated materials cov- 
ered by these specifications are classified 
in accordance with the sheet filler em- 
ployed in their manufacture, and the 
electrical, mechanical, and heat-resisting 
characteristics of the finished products 
(Note 3). Three types and twelve 
grades of laminated thermosetting mate- 
rial are covered, as follows : 

Type L Cellulose paper base: 

Grade X. Mechanical, 

Grade P . Mechanical ; punching 
stock, 

Grade XX. ■ Electrical and 
mechanical, 

Grade' XXP. Electrical , and 
mechanical; punching stock, 

Grade XXX. ■ Electrical and high 
humidity, and 
' ' . Grade/, ^XXXPtI 

high humidity; punching stock. 

Type JI. Cellulose fabric base: 

Grade C. Mechanical, 


5S4 
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Grade CE. Mechanical and elec- 

tricals 

, Grade L... Mechanical; fine machin-. 
ing, and 

Grade LE. Mechanical and elec- 
trical; fine machining. 

Type III, Asbestos base: 

Grade A. Asbestos-paper base; 
heat, resistant s and 

Grade AA. Asbestos-fabric base; 
mechanical and heat resistant. 

Note 3. — Further descriptive information 
regarding these various types and grades of 
laminated thermosetting materials is given in 
the Appendix. 

Forms , 

3. Forms , — ^Laminated thermosetting 
materials are available in four forms: 
sheets, tubes (Note 4), rods (Note 5), 
and molded shapes (Note 6) as indicated 
in Table I. These specifications cover 
table i.-available types, grades, and 

FORMS OF LAMINATED 
THERMOSETTING MATERIALS. 


Forms 





liound I 
Tubes 1 

1 Round 
• Rods 

1 

Type 

Grade 

Sheets 

RoUed 

Molded 

Molded 

Machined 

Rectangul 
and Squar 
Molded Ti 


X 

a 

a 

a 



b 


P 

a 






T 

XX 


a 

a 

CE 

c 

b 

1 

XXP 

a 







XXX 

a 


b 

a 

c 

h 


XXXP 

a 






f 

c 

a 

a 


a 

e 

h 

n 

CE, L 

a 


a 

a 

c 

b 

( 

LE 

a 

a 

a 

« j 

c 

b 

III 

A, AA 

a 

b 

b 

a 


6 


“Materials covered by these specifications. 

® Detailed requirements on these materials are not 
yet available. 

“ Materials not covered by these specifications. 

the material in three forms: sheets, 
tubes of two classes (rolled and molded), 
and molded rods. The classes of tubes 
and of molded rods desired shall be 
specified by the purchaser in the con- 
tract or order. 

: Note. 4.— Tubes- are made of laminations of 
fibrous sheet impregnated material, rolled upon 
mandrels under tension or between heated pres- 
sure rolls, or both. They are of two classes, 


.rolled '.and molded. Rolled tubes arc oven- 
baked after roiling on the mandrels. Molded 
tubes are cured in molds under heat and pres- 
sure. 

Note 5. — Molded rods are. composed of 
laminations of impregnated sheet material 
molded in cylindrical molds under heat and 
pressure, and then ground to size. Molded rods 
are of two classes made by winding the impreg- 
nated sheet convolutely before molding .or by, 
forming strips in the m.olding operation. 

Machined rods, manufactured, from certain . 
grades of sheet material, are not covered by these 
specifications. In rods machined from sheets, 
the laminations are parallel chords of a circular 
cross-section. In , general, the properties of 
these rods conform to the grade of sheet stock 
from which they are cut. This type of rod is 
low in flexural strength when stress is applied 
perpendicular to the lamination. 

Note 6. — Molded shapes are composed of 
impregnated sheet materials cut into various 
sizes and shapes to fit the contours of a mold, 
and molded under heat and pressure. In special 
cases some macerated material is used in com- 
bination with impregnated sheet materials, 
depending upon the design of the piece. The 
requirements of these specifications, particularly 
with regard to mechanical properties, cannot be 
considered as apphung to molded shapes since 
such properties will depend to a considerable 
extent upon the design of the piece. 

General Requirements 

4. {a) Material and Workmanship , — 
The laminated material shall be uniform 
in quality (Note 7). It shall be free 
from blisters, wrinkles, or cracks and 
reasonably free from other small defects 
such as scratches, dents, heat marks, 
etc., as defined in the Standard Descrip- 
tive Nomenclature of Objects Made 
from Plastics (A.S.T.M. Designation : 
D 675) of the American Society for 
Testing Materials.® Tubes with wall 
thickness greater than | in, and 
molded rods having diameters greater 
than. 1 in, may show checks or cracks 
between the laminations on machined 
or sawed edges. 

Note 7. — ge.neral, most of the grades can 
be drilled, tapped, sam^ed, and machined. 
Grades X, P'-, and A, are not recommended for 
drilling and tapping parallel with laminations. 
•Grades XXX, .CE, and, LE are best suited to 
these operations. 
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(b) Fifdsh and Requirements 

for' fiuish (Note' ^ (Note 9)- 

stall be as specified by the purchaser 
in the contract "or order. 


. NotE' 8.— The varioas forms and. grades of 
laminated thermosetting material are available 
in the following finishes: 


■■"Form 

Grade 

Finish® 

Sheets. ' — '’1 

Round tubing anti 
molded rous. . - . 
Rectangular and 
Square Molded 
Tubes 

XXJDOC,CE, 

Semigloss or Pol- 
ished 

Semigloss only 
Semigloss or Dull 

Ground, Buffed, or 
Varnished 

Semigloss, Ground, 
or Varnished 

'X, C, L, A,AA.I 
P, XXP. XXXP 

All i 

All 




“ Ground finish is applied by a fine grinding wheel or 
belt, is free from any pronounced scratches, and suitable 
for a majority of applications. 

Bufid finish is somewhat more glossy than the ground 
finish, and is obtained by buffing the tube or rod following 
grinding using a touch of shellac or other polishing com- 
pound on the buffer. 

Varnished finish is sometimes applied to tubes or rods 
for special decorative, special electrical, or chemical-re- 
sistant applications. It is obtained by coating the tube or 
rod one or more times with a varnish or lacquer and air 
drying or baking. Because the varnish finish requires 
operations which may change greatly the physical and 
electrical properties, such finished tubes or rods are not 
covered by these specifications. 


(c) Warp or Twisi— Tim warp .or 
twist shall not : exceed the values pre- 
scribed in Table II, 


TABLE IL-PERMISSIBLE WARP OR TWIST. 


Form 

Thickness or 
Outside Diameter, 
in, ■ 

Permissible 

1 , Warp Or Twist 
, (on Basis of 
. ,36-m.. 
Dimension)', 
max., per cent® 

Sheets 

(Over 14 to . . 

fOver n to incL... 
(Over ^ 

■ 1 

0.5 


0.25 

Tubes and mold- 

(H to inci 

,■ 2 

to incl 

t 

ed rods 

n-lfittr s/ 

0,5. 


^ w vct 


^ In the case of warp this percentage is stated in 
terms of the lateral dimensions (length or width); in the 
case of twist which only applies to sheet forms the per- 
centage is stated in terms of the dimensions from one 
corner to the opposite corner. 

(d) Punching Properties . — The punch- 
ing quality of the various grades (Note 
10) shall be subject to agreement by the 
manufacturer and the purchaser. 

Note 10.— The punching properties of the 
fabric base grades and of the paper base grades 
classed as punching stock are somewhat better 
than those of the other paper base grades. All 
grades can be punched in thin thicknesses under 
suitable conditions. 


Note 9. — -The various types and grades of 
laminated thermosetting material are available 
in the following colors: 


Type 

Grade 

Color® 

T 

X, P 

Natural, Black, or Choco- 
late 

Natural, Black 

Natural, Black, or Choco- 
late 

Natural 

Natural, Black 

Natural, or Gray-Black 
Natural 

XX, XXX,. 

II 

XXP, XXX 

XXXP 

C, CE, L, LE.... 

A 



AA 



Detail Requirements for Sheet 

5. Sheet material shall conform to the 
requirements as to physical and electri- 
cal properties prescribed in Tables III, 
IV, and V. 

Detail Requirements for Tubes 

6. Tubes shall conform to the require- 
ments as to physical and electrical 
properties prescribed in Table VI. 

Detail Requirements for Molded; Rods 


Natural color is produced by the natural undyed 
paper or fabric and resin used. This natural color shall be 
free from streaks or stains and substantially uniform, 
except for grades XXP and XXXP which may be mottled 
in appearance. 

Black color is produced by natural undyed paper or 
fabric and black dyed resin. Sheets and tubes shall have 
substantially uniform black surfaces and body. A slight 
grayish black color on sawed, sanded or machined sur- 
faces is permissible, or in the case of tubes where layers 
may be partially cut through in grinding the tube to 
diameter. For fabric and asbestos paper base materials, 
a decided grayish black color is permissible on sawed, 
sanded, machined or ground surfaces and edges. 

Chocolate colored sheets have a uniform dark brown 
or chocolate color surface with natural core. 


7, Molded rods shall conform to the 
requirements as to physical and electrical 
properties prescribed in Tables VII and 
VIIL 

Sheet ..Sizes and Permissible Variations 
in Dimensions , 

8. (a) Length and Width —The hngth 
and width of sheets may vary 1 in. over 
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TABLE III.-DETAIL REQUIREMENTS FOR SHEETS IN THICKNESSES OF Hi TO 1 IN., INCLUSIVE.* 

Note. — A!! ¥alues are based on tests at room temperature of approximately 25 C. CT7 F,). 


Type 

Grade 

Tensile 

Strength, 

min., 

Flexural 
Strength, 
min., psi. 

Compres- 

sive 

Strength, 

Flatwise, 

Impact Strength, 
(IzckI), min., 
ft-lb. per in. 
of width 

Power 

Factor 

at 

1,000,000 

cycles, 

max- 

Dielectric 

Constant 

at 

1,000.000 

cycles, 

max. 

.Loss 

Factor at 
1,000,000 
cycles, 

. max. 



psi. 

min., psi. 

Flat- 

wise® 

Edge- 

wise 


X; '... 

10 000 

20 000 

none 

1.3 

0.50 

none 

none 

none 


P. 

6 000 

11 000 

none 


0.50 

none 

none 

none 


XX...... 

8 000 

12 000 

none 

i.6 

0.40 

0.045 

5.5 

0.2S' ■ 

1 ........ * 

XXP........... 

XXX.. 

6 000 1 
6 000 i 

12 000 

12 000 

none 

none 

6'.^ 

0.40 

0.35 

0.045 

0.035 

S.S 

5.2 

0.25 

0.18 • ■ ' 


XXXF 

5 000 : 

12 000 

none 


0.30 

0.030 

5.2 ■ 

0.16 ■, 


C 

7 SOO 1 

16 000 

35 000 

3.2 

2.0 

none 

.none 

none 

IL....... 

CE...^ : 

6 500 

13 000 

34 000 

2.3 

1.3 

0.065 

6.0 

0.40 

L 

LE 

7 000 

6 500 ! 

15 000 

15 000 

30 000 

33 000 

2.5 

1.8 

1.2 

I.O 

none 

O.OSS 

none 

5.5, 

none 

0 3U 

m.. 

A ■ 

5 000 

10 000 

30 000 

1.8 ■ 1 

0.80 

none 

none 

none 

AA 

8 000 

16 000 

35 000 

3.5' i 

3,0 

none , 

none 

none 


** Minimum requirements for mechanical properties for sheets in thicknesses from over 1 to 2 in. inclusive, shall be 10 
per cent lower than those given in this table. 

* Flatwise impact tests are applicable only to sheets having a thickness of H in, or over, and machined to H in. in 
thickness. No flatwise impact values are given for grades P, XXP, or XXXP as these grades are not available in 
thicknesses exceeding I in. 


or under the manufacturer’s standard 
size (Note 11). When smaller size 
sheets are cut from standard size sheets, 
tliT permissible variations from the 
specified length or width shall be within 
the requirements prescribed in Table IX. 


TABLE IV.-DIELECTRIC STRENGTH 
REQUIREMENTS FOR SHEETS.^ 


. Thickness, in. 

Dielectric Strength Perpen- 
dicular to Laminations, min., 
V. per mil 

Type I 

Type II 

Grades X, P, 
XX, XXP, 
XXX, and 
* XXXP 

Grades 

1 CE^ and LE 

Short- 

Time 

Test 

Step- 

by- 

Step 

Test 

Short- 

Time 

Test 

Step- 

by- 

Step 

Test 

^ to incl ' 

700 

450 

560 

350 

Over to incL. .1 

SOO 

300 

400 

240 

Over ifs to incl. ....... 

360 

220 

290 

170 

Over to incl.. . ..... 

250 

ISO 

200 

120 

Over 14, to I4t incl.. 

180 

no 

145 

85 

Over A to incl 

145 ! 

90 

120 

70 

Over % to 1, incl... 

130 

80 

105 

60 

Over 1 to 2, incl 

90 

ss 

75 

40 


® There are no dielectric strength requirements for 
grades C, L, A, and AA since these grades are manufac- 
tured to meet mechanical requirements and are only suit- 
able for low- voltage electrical applications. 

® For grade CE, short-time and step-by-step dielectric 
strength test requirements do not apply to sheets in 
thicknesses less than % in. 


Note 11. — ^In general, manufacturer’s stand- 
ard widths are between 36 and 48 in. 

(5) Thickness . — The permissible varia- 
tions from the standard thicknesses 
(Note 12) of the various grades of sheets 
shall be within the requirements pre- 
scribed in Table X. At least 90 per 
cent of the area of the sheet shall be 
within the variations prescribed in Table 
X and* at no point shall the thickness 
as measured vary from the nominal by 
a value greater than 125 per cent of the 
specified variation. 


Note 12. — Sheets are available in the follow- 
ing thicknesses: 


Type 

j. Grade 

Thicknesses Avail- 
able, in. 



Min. 

Max, 

f 

x,xx 

0.010 

■ -2 ■ ' 

I........ 

p.. 

0.010 

H 

XXP, XXXP 

0.015 

K 

1 

XXX 

0.015 

2 


c. 

• 

S'lsa 

10 


CE 

2 

L... 

0.010 

2 ■■ 

1 

LE. 

, , 0.015 ■ 

2 


■.A.,.....^... ........... 

0.025 

. "'2 ' ■■■■ 

AA 


^ 2 
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Tube Sizes and Permissible Variations 
in Dimensions ■ 

9. (a) Length — ^Tbe length of rolled 
or molded tubes may vary within plus 
or minus 1 in. from the manufacturer's 

TABLE V.-WATER ABSORPTION REQUIREMENTS FOR SHEETS. 


TABLE VI.-DETAIL REQUIREMENTS FOR TUBES. 








Dielectric 


Material As 

After Immersion m 






cs . 

Strength 

a 

Water for 24 hr. 






a 

Perpendicu- 

1 





at 25 C 








lar to Lami- 











1 



nations, 

<u 

a 

o 



o ■ 





Size, In- 

3 

u 

Pi 

< 

mm 

per 

, V. 

mil. 

H 

o 


o 

o 

o' 

*i 'W 

^ , 



side by 


.3 

-5 ■ 


a 

o 



o 

Vi c3 

o 

Type 

Grade 

Outside 

5, 

a 

tuO 

P 


r • 


j: 

i S' 

o 

-T 




Diameters, 

in. 

ti 

-5 

g 

JH 

. 

a 

CO 

> 

in 

o 

a 

to 

Pi 

CO 

.2 

o. 

o 

to 

actor at 
max. 

$ 2 
§1 
si 

2* 
ta K 
SS ' 

rt 

sS 

tnJs 

P o 
o 

0 « 
o 

o 

cl 

)u 53 

2 S 




g 

P 

JS 

1 

H 

V 

la 

U 

■A 

M 

O 

CO 

"9 

Pi 

s 

CO 

<1 

E 

at 

Power F 
cycles. 

p 

tn 

<u 

Pi 

■CO. 

S’" 

Loss Fac 
cycles, 

f 

X rolled ' 

1 by 13^ 

1.10 

,7 500 

10 000 

500^ 

300^ 

5.0 

0.040 

5.0 

0.20 

0.070 

6.0 

0.42 

I.... 

XX rolled ' 

1 by IH 1 

1.10 

7 000 

12 000 

400 

250 

2.5 

0.040 

5.0 

0.20 

o.oss 

6.0 

0.33 

X molded i 

ihym 1 

1.25 

9 000 

15 000 

400 

250 

4.0 

0.045 

6.0 

0.26 

0.070 

^ 7.5. 

0.52 

1 

XX molded.... 

IhylVs 

1.25 

7 500 

IS 000 

300 

200 

2.0 

0.040 

5.5 

0.22 

0.055 

i 6.5 ■■ 

0.35 


■ C rolled,..,. 

ihylH 

: 1.10 

5 500 

11 000 

none 

none 

3.0 








LE rolled 

: thy m 

■ 1.10 

5 000 

11000 

150 

100 

4,5 








LE rolled 

IbylM 

1.10 

5 000 

11 000 

ISO 

100 

2.5 








CE molded.... 

1 by IH 

1.25 

6 500 

19 000 

175 

100 

1.5 







L molded.... 

1 by 134 

1.25 

6 500 

18 000 

none 

none 

3.50 








L molded 

1 by IH 

1.25 

6 500 

18 000 

none 

none 

1.75 








LE molded-,.. 

Iby IH 

1.25 

6 000 

19 000 

ISO 

90 

2.20 








LE molded 

Iby IK 

1.25 

6 000 

19 000 

175 

no 

1.10 

... 







® These density values apply to all sizes of tubes. 

® The high dielectric strength of grade X rolled tubing is only obtainable under dry conditions. Under high humidity 
the dielectric strength of this grade is low. 


standard length (Note 13), unless other- (5) Diameter —Th^ nominal inside 
wise specified. When tubes cut to and outside diameter (Note 14) shall be 
definite lengths are specified, the permis- speci&ed by the purchaser. The per- 
sible variation shall be as shown in missibie variations in inside and outside 
^ Table XI. diameters of round rolled and molded 


Water Absorption After 24-hr. Immersion, max., per cent 


Thickness, ■■ 

■ In.*. 

Type I 

Type II 

; , Type III : 


Grade 

Grade 

Grade Grade 

Grade 

Grade 

Grade 

Grade Grade 

Grade 

Grade Grade 


X 


XX XXP 

XXX 

XXXP 

C 

CE L 

LE 

A AA 

1^.. ........... 

8.0 

7.0 

3.1 3.1 

1.8 

1.8 


6.0 

4.0 

3.0, 



6.0 

5.0 

2.0 2.0 

1.2 

1.2 

4.4 

1.8 2.5 

1.8 

1.5' 1.9 . 


4.2 

3.6 

1.6 1.6 

1.0 

1.0 

3.2 

1.5 1.9 

i.S 

1.1 1.5 


3,3 

2.8 

1.3 1.3 

0.85 

0.85 

2.5 

1.4 1.6 

1.25 

0.95 0.95 

tA ' 

2.3 

2.1 

1.0 1.0 

0.70 

0.70 

1.9 

1,2 1.3 

1.0 

0.85 0.80 

K 

1.8 

1.7 

0.85 0.85 

0.60 

0.60 

1.6 

1.0 1.1 

0.90 

0.70 0.70 

3.2 

1.1 


O.SS 

0.45 


1.2 

0.70 O.SO 

0.65 

0.55 0.55 

% 

0.85 


0.50 ... 

0.40 


1.1 

0.65 0.75 

0.60 

0.50 0.50 

i and over. .. . 

0.75 


i 0.45 

0.35 


1.0 

0.60 0.70 

0.55 

0.45 0.45 


** For intermediate thicknesses not given in this table, the value for the next smaller thickness applies. 


Note 13.— Tubes , are. available in .mauu- 
facturers’ lengths which vary from 18 to 24 in. 
in small outside diameters and from 30 to 48 
in. in, large diameters. In a number of di- 
ameters of certain grades, longer lengths are 
available. 
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TABLE VII.— DETAIL REQUIREMENTS FOR MOLDED ROBS, 


Type. ■ 1 

.Grade i 


Density, 

Tensile 

Flexural 

Compre^ive 


Diameter, in... 

min., g. 

Strength, 

Strength, 

Strength (As« 




per cu.cm. 

min., psi. 

m,m.,psi. 

iai), min., psi , 


■ XX......... ■/ 

H to 1, inci... ... 

1.30 

8 500 

IS 000 

20 000 

I............. 

1 

Over 1 to 2, incL. 

1.30 

6 500 , 

12 000 

20 000 

XXX. ........ .'1 

}4 to 1, incL. 

1.25 

i ' 8 000 

13 000 

20 OOO 


Over 1 to 2, inci 

1.25 

6 000 

11000 

20 OOO 


( 

K to 14, iuci 

1.28 

1 500 

17 000 

20 000 


c......... 

0\'er 34 to 1, inci. 

1.28 

8 000 

17 000 

20 000 \ 


1 

Over 1 to 2, inci | 

1.28 

6 500 

14 000 

20 000 


f 

34 to 34, inci 

1.26 ■ ■! 

6 500 

12 000 ^ 

21 000 


ce 1 

Over 34 to 1, inci 

1.26 1 

7 000 

14 000 

21000 

II........ • 

[ 

Over 1 to 2, inci 

1.26 1 

6 000 

12 000 

21 000 


i 

M to 1, incL, 

1.28 

8 000 

16 000 

20 000 


b t 

Over 1 to 2, inc! 

1.28 i 

6 500 

13 000 

20 000 


1 

% to 1, incL.... 

1.26 

6 000 

12 000 

21 OOQ 


' LE \ 

Over 1 to 2, inci 

1,26 ! 

4 800 

9 000 

21000 


f 

34 to 3-^, inci 

1.5S : 

7 000 

10 000 

15 000 


A 

Over 34 to 1, inci 

1.55 

6 000 

10 000 

15 000 


1 

Over 1 to 2, incL. 

1.55 

5 000 

9 000 

15 000 

HI 

/ 

1.45 

6000 

11 000 

19 000 

34 to 1, incL.. 


AA.........t 

Over 1 to 2, IncL 

1.45 

5 500 

9 000 

19 000 


TABLE VIII.— WATER ABSORPTION REQUIREMENTS FOR MOLDED RODS. 


W’’ater Absorption, After 24-hr. Immersion, max., per cent 


Diameter, in.® Type I 

Typell 

Type III 

Grade 

XX 

Grade 

XXX 

Grade 

C 

Grade 

CE 

Grade 

L . 

Grade 

LE 

Grade 

A 

Grade 

AA 


l.S 







u ^ 1.5 

1.0 

2.5 

i.5 

i.5 

1.2 

2.6 


H ... 1.0 

0.75 

2.0 

1.0 

1.2 

0.90 

1.5 

i.25 

1 1.0 

0.75 

2.0 

1.0 

1.2 

0.90 

l.S 

1.25 

bver i to 2, inci 1.3 

0.75 

1.5 

1.2 i 

1.2 

1.1 

1.75 

1.75 


® Intermediate diameters under 1 in. take the value for the next smaller diameter. 


TABLE IX.-PERMISSIBLE VARIATIONS IN SIZE OF 
PIECES CUT FROM STANDARD SHEETS. 


Permissible Variations in 
Length or Width, Plus or 

Nominal Thickness, in. Minus, in. 



6 in. and 
under 

6 to 24 
in. 

24 in. 
and over 

©.010 to 34? incL... 

0.010 

1 0.015 

I,-'- 3^ ' 

to 34, IhcL 

0.012 

0.017 

I 34 

to 1, inci.... 

0.015 

0.020 

i ■ if 

134 to incL......... 

0.018 

1 0.030 

i if 

1% to 2, incL i 

0.022 

0.040 

1 14 ... 


tubes shall be within the requirements 
prescribed in Table XII. The permis- 
sible variations in inside and outside 
dimensions of square and rectangular 
molded tubes shall be within the require- 
ments prescribed in Table XIII. 

(c) The permissible varia- 

tions in wall thickness for round tubing 


with inside diameters up to 4 in. shall 
be as shown in Table XIV, The per- 
missible variations in wall thickness of 
square and rectangular molded tubes 
shall be within the requirements pre- 
scribed in Table XV, 

Note 14. — Round tubes of inside diameters 
between 4S and 70 in. are available in a limited 
number of sizes. Standard steps of sizes of 
round tubes are as follows, except as limited by 
Table XVI: 

Nominal Inside 

and Outside Diameters, By Steps of, 

in. ' ■ br. 

, to i, inci. . . . , , 'A',. 

to 3, inci... , A 

31 to 6j inci i 

6i to 8, inci i 

8 to 25, inci, ................ i 

The standard sizes of square and rectangular 
molded tubes are as shown in Table XVII, 
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TABLE X.-PERMISSIBLE VARIATIONS IN THICKNESS OF SHEETS.® 


, .Nominal Thickness, in. 

Permissible Variations, in. 

Fraction 
of Inch 

Decimal , 
Equivalent 

Grades 

X, P, XX, 
'KXX, XXP, 
XXXP, 

Grade C 

Grade CE 

' Grade L 

Grade, LE 

Grade AA 



Plus or 

Plus or 

Plus or 

Plus or 

Plus or 

Pius or 



Minus 

Minus 

Minus 

Minus 

Minus 

Minus 

' 0.010, 

0,010. 

0.002 



0.003 



O.OIS 

O.OIS 

0.0025 



0,0035 

0.0035 


0.020 

0.020.. 

0.003 



0.004 

0.004 


0.025 

0.025.. 

0.0035 

0.0065 

0.0065 

0.0045 

0.0045 


' ''■% ' 

0.031 

0.0035 

0,0065 

0.0065 

0.005 

0.005 


Hi 

0.047. 

0.0045 

0.0075 


0.0055 

0.0055 


34 

0.0625 

0.005 

0.0075 

0.0075 

0.006 

0.006 

0.018 

% 

0.094 

0.007 

0.009 

0,009 

0.007 

0.007 

0.018 

H 

0.125 

0.008 

0.010 

0.010 

0.008 

0.008 

0.020 

% 

0,156...... 

0.009 

0.011 

0.011 

0.009 

0.009 


% 

0.1875 

0.010 

0.0125 

0.0125 

0.010 

0.010 

0.024 


0.219 

0.011 

0.014 

0.014 

0.011 

0.011 




Plus or 

Plus 

Plus or 

Plus 

Plus or 

Plus or 



Minus 

Only 

Minus 

Only 

Minus 

Minus 

M 

0.250. 

0.012 

0.030 

0.015 

0.024 

0.012 

0.028 

54 

0.3125 

0.0145 

0.035 

0.0175 

0.029 

0.014S 

0.034 

H 

0.375 

0.017 

0.040 

0.020 

0.034 

0.017 

0.038 

% 

0.438 

0.019 

0.044 

0.022 

0.038 

0.019 

0.044 

34 

0.500 

0.021 

0.048 

0.024 

0.042 

0.021 

0.048 

% 

0.625 

0.024 

0.053 

0.027 

0,048 

0.024 

0.0S8 

% 

0.750 

0.027 

0.058 

0.029 

0.054 

0.027 

0.068 

M 

0.875 

0.030 

0.062 

0.031 

0.060 

0.030 

0.076 

1 j 

1.000 

0.033 

0.065 

0.033 

0.065 

0.033 

0.086 

134 " ' 

1,125.... 

0.035 

0.069 

0.035 

0.069 

0.035 


134 

1,250 

0.037 

0.073 

0.037 

0.073 

0.037 

ojoe 

154 

1.375 

0.039 

0.077 

0.039 

0.077 1 

0.039 


134 

1.500 

0.041 

0.081 

0.041 

0.081 ; 

0.041 

o'. 124 

m 

1.625 

0.043 

0.085 

0.043 

0.085 

0.043 


1*4 

1.750... 

0.045 

0.089 

0.045 

0.089 

0.045 

odk 

m 

1,875..,. 

0.047 

0.093 1 

0.047 

0.093 

0,047 

... 

2 

2.000 

0.049 

0.097 

0.049 

0.097 

0.049 

0.160 

24 

2.250 


0.105 





23^ 

2.500 


0.113 





2«4 

2,750... 


0.121 





3 

3.000. 


0.130 





34 

3.500 


0.146 





4 

4.000 


0.163 





434 

4.500... 


0.179 





5 

5.000 


0.190 





53^ 

5.500 


0.210 





6 

6.000 


0.230 





634 

6.500.. 


0.240 





2 

7.000 


0.260 





734 

7.500,.,. 


0.280 





8 

S.OOO 


0.290 





834 

8,500 


0.310 





9 

9.000 


0.320 





934 

9.500 


0.340 





10 

10.000 


0.360 






On sheets of nominal thickness not listed in this table, the permissible variations shall be the same as for the next 
greater'Lhickness. 

* The minimum thickness for grades XXP, XXX, and XXXP is O.OIS in and for grade A is 0.025 in . Grades P,XXP 
and XXXP are not available in thicknesses over 34 in. 


Rod Sizes and Permissible Variations in 

Dimensions 

10. (a) Length . — Unless otherwise 
specified, molded rods shall be furnished 
to manufacturer’s standard lengths 
(Note 15). When molded rods cut to 
definite lengths are specified, the permis- 
sible variations shall be as shown in 
Table XVIII. 


Note IS. — Molded rods are available in 
lengths which vary from 18 to 48 in. in small 
diameters and from 30 to 48 in. in large diam- 
'eters. ■ 

(6) Diamefer.— The diameters of rods 
(Note 16) shall be as specified by the 
purchaser. The permissible variations 
in diameter of molded rods shall be as 
shown in Table XIX. 
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Note 16,— Molded rods are available in tbe 
following ranges of diameters: , .. 




Range of Diameters, 

'-Type , 

Grade 

in. 



Min. 

Max. 

I . 

XX, XXX. 

M 

2 


c, CE...... 

U 

4 - 

.-L, LE..... 


4 

in- ■■■■•■■{ 

A...:. 

M 

' 2 

AA... ......... ...... 

■ 

2 


Sampling and Humber of Tests 

11, (a) Sheeis.—A sheet shall be se- 
lected at random from, a lot or shipment 
of material of a particular grade and 
thickness. One set of test' specimens 
prescribed in the methods of testing 


TABLE XL -PERMISSIBLE VARIATIONS IN 
CUT LENGTHS OF TUBES. 


Length, in. 

Permissible Variations, 

Plus or Minus, in. 

^6 to 2 
in.. 

Outside 

Diameter 

Over 2 to 
4 in., 
Outside 
Diameter 

Over 4 
in., 

Outside 

Diameter 

3 and under 

0.010 

0.010 

0.030 

Over 3 to 6, inci 

0.010 

0.015 

0.030 

Over 6 to 12, incl 

0.015 

0.020 ' 

0.030 

Over 12 to 48, incl 

0.030 

0.030 

0.050 


(Section 13) shall be considered suf- 
ficient. The average result for the 
specimens tested shall conform to the 
requirements prescribed in these specifi- 


cations. , Because of the expense in both 
materia! and timej, it is recommended 
that complete conformance tests be con- 
fined where possible to sheets from lu to 
I . in. . in. thickness. Impactj , flex,rual 
strength, and water absorption tests 
should serve well for routine control of 
uniformity of- the mechanical: grades. 
Water absorption and power factor tests 
will serve a similar purpose , for ' the 
electrical grades. 

(b) Tubes —Rsindom samples of any 


TABLE Xn.- PERMISSIBLE VARIATIONS IN 
. DIAMETER OF ROUND TUB,ES. ■ 


Nominal Inside and 
Outside Diameters, 
in. 

Permissible Variations, 

I Plusor Minus, in. 

Inside 

Diameter" 

Outside 

Diameter 

■ Steel 
Mandrel 

1 Built- 1 
up 

Mandrel 

Ground, 
Buffed, or 
Varnished , - 

M to 23/32, incl 

H to 111, inci. 

2 to 4, incl 

0.003 

0.004 

0.008 


0.005 

0.005 

0.008 

Rolled Only: to 12, 

inch. 

12K to 18, incl 

18 to 24, incl 

24 to 48, incl 

0.010 

0.030 

0.040 

0.060 

0‘.06Q 

0.075 

0.090 

0.025, 

O.OdOf 

o.ossf 

0.040" 


® While it is a commercial impracticability to maintain 
a complete range of mandrels in all sizes from 12 to 48 in. 
in diameter even in steps of 1 in., it is possible to make 
tubes on a built-up mandrel. In such cases this shall be 
accomplished by winding a phenolic laminated rolled tube 
on the steel mandrel, then curing and iinisbing the build- 
up to the required size. It is, of coiir.se, impossible to 
hold as close tolerances in inside diameter on tubes which 
are wound on a built-up mandrel as on a standard steel 
mandrel. 

^Turned tubes. 


TABLE XIIL— PERMISSIBLE VARIATIONS IN INSIDE AND OUTS'IDE DIME'NSIONS OF SQUARE AND 

RECTANGULAR MOLDED TUBES." 


Nominal Inside Dimension, 
in. 

Permissible 
Variations in 
Inside Dimension," 
Plus or Minus, in. 

Nominal Outside Dimension, 
in. 

■ Permissible Variations^ in , ^ 

; -Outside Dimension," 

Plus or .Minus, in.. 

All Grades 

Grades X, XX, I 
■ XXX, A, L, . ! 
.and LE^ i 

Grades CE , ' 
and AA, 

K to incl... 

0.005 

^ to % 

0.010 

0.017 

Vi to *3^, incl. .............. 

0.006 


0.012 i 

0.020 

1 to 1%, incl 

0.007 

.. 

1 to 115^5 . ................. 

0.014 ‘ 

0.022 

2 to 4, incl . . . 

0.010 

2 to S . 

0.017 

0,025 







® These permissible variations apply to tubes of uniform nominal wall thickness in which the tv/o axes perpendicular 
to the length are equal or which have a ratio one to the other not exceeding 4 to L 

" Use variations corresponding with appropriate inside or outside dimension. For example, with a rectangmlar tube 
having nominal inside dimension 34 by 1 in., the variation on 14 in., will be plus or minus 0.005 in, and on 1 in. will be plus 
or minus 0.007 in. 

^ At the option of the manufacturer, outside dimension may be met by sanding or machining, if necessary. 
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grade' and size of ,tiibiiig may betaken to 
determine conformance with the density, 
requirements. A minimum of. 2 tubes 
from a lot of 50 tubes or fraction thereof, 
or 3 , per cent of a larger ' quantity of 
tubes of any grade and size shall be 
tested for density. Other tests must be 
based on the sizes specified in Section 6. 
The average result for the specimens 
tested shall conform to the requirements 
prescribed in these specifications. In 
the event the size of the test sample is not 
included in the order, the manufacturer 
may upon request provide proper size 
tubes prepared from the same materials 


used in ' producing the tubing specified 
in the order. As an alternate, at the 
option ' of the purchaser, the manu- 
facturer may submit detaib limits for 
physical and electrical properties cove'r- 
ing' the size of tube in question. 

(c) Random ' samples of rods 

may be selected from a lot or shipment 
of any grade or size. A minimum of 2 
rods from a lot of 50 rods or fraction 
thereof, or 3 per cent from larger lots 
shall be tested for density. For the 
other tests one set of test specimens as 
prescribed in the methods of testing 
(Section IS) shall be considered suffi- 


TABLEXIV.-PERMISSIBLE VARIATIONS IN WALL THICKNESS® OF ROUND TUBES. 


Permissible Variations, Plus or Minus, in. 


Nominal Wall Thickness, in. 

Rolled Tubes 

Molded Tubes 

Grades 
X,XX, A 

Grade LE 

Grades 

C, AA 

Grades X, XX, XXX, L, LE, A 

Grades 
CE, AA 

M to H 
in., 
Inside 
Diameter 

Over 

in., 

Inside 

Diameter 

Vs to V 
in., incL, 
Inside 
Diameter 

Over 
HtoH 
in., inch, 
Inside 
Diameter 

Over j4 
in., 
Inside 
Diameter 

Average for 

Single Tube 

Under He — ■ • 

0.006 

0.010 

0.008 

not made 

0.008 

0.008 

0.008 


Ml to y&t exd 

0.007 

0.011 

0.009 

0.015 

0.011 

0.011 

0.013 

oiois 

H to excl 

0.009 

0.013 

O.OU 

0.020 

0.017 

0.015 

0.011 

0.020 

H, incl 

0.011 

o.ots 

0.013 

0.020 

0.025 

0.018 

0.013 

0.020 


® Wall thickness measured at any point in any wall of a,ny one tube of a given size shall fall within these permissible 
variations. This provides a means for measuring both the variation in wall thickness and deviation from parallelism. 




1 : 




TABLE XV.-PERMISSIBLE VARIATIONS INWALL 
THICKNESS® OF SQUARE AND RECTANGULAR 
MOLDED TUBES. 


Wall Thickness, 
in. 

Permissible Variation in Wall Thick- 
ness j Plus or Minus, in. 

Grades X, XX, XXX, 
A, L, and LE 

Grade 

CE 

Grade 

1 AA 

Average for 
Single Tube 

Inside Dimension‘d 

Inside 

Dimension® 

M to ] 

H in- 

K to 
} 34 in., 
j ind. 

1 Over 
V in. 

i 

Over 
Vs in. ! 

Over 
34 in. 

Vi to Ke, excl ' 

He to V, excl 

Vs to U, exd 

Hfe to excl 

I 0.008 ' 

O.OU 

0.015 

0.008 
0.010 ' 
O.OU 
0.018 

0.010 

0.013 

0.016 

0.020 

o’ois 

0.020 

0.025 

6.625 

0.030 

0,030 


® Wall thickness measured at any point in any wall of 
any one tube of a given size shall fall within these per- 
missible variations. This provides a means for measuring 
both the variation in wall thickness and deviation from 
parallelism. 

^ Tubes with a w^all thickness greater than one half of 
the minimum inside dimension cannot be expected to meet 
these permissible variations. At the option of the manu- 
facturer, outside dimension may be met by sanding or 
machining, if necessary. 

® Use variations corresponding with maximum inside 
dimension. 


cient. The average result for the speci- 
mens tested shall conform to the 
requirements prescribed in these specifi- 
cations. 

Conditioning 

12. (a) Conditioning Test Specimens. | 
— When conditioning is specified the 
material shall be conditioned in accord- 
ance with Functional Procedure A of the 
Tentative Methods of Conditioning 
Plastics and Electrical Insulating 
Materials for Testing (A.S.T.M. Desig- 
nation: D 618) of the American Society 
for Testing Materials,^ except as modified 
in the testing methods or in these 
specifications. 

{b) Test Conditions . shall be 
conducted in a laboratory atmosphere of 
25 db 8 C. (77 ± 15 F.), unless otherwise 
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specified, in tlie , testing , methods or in 
these specifications. , 

Methods of Testing 'Sheets 
13. ' The ■ properties for s.iieets enume- 


edge to .measure warp. The twist shall 
be determined by suspending the sheet 
vertically from adjacent corners in suc- 
cession . and measuring, the deviation 
along the diagonal, from a horizontal 


TABLE XVI.— AVAILABLE SIZE'S OF TUBES (SEE KOTE 14). 




Rolled Tubes 

Molded Tubes 



Inside 

Outside 

Wall Thick- 

Inside 

Outside 

;Wail Thick- 



Diameter, in. 

Diameter, in. 

ness 

, in. 

Diameter, in. 

Diameter, in. 

, ness 

j'lri.' 



Min. 

Max. 

Min. 

Max. 

Min. 

Max.® 

■Min. 

Max. 

Min. 


Min. 

Max,®' 

'".f 

X 

y» 

4S ' 

54 

50 

54 

H 

■ li 

m 

li 

4 

,!4 

% 

1 .A 

XX.......... 


48 

=14 

SO 

54 

1 

H 

3K 

li 

4 

14 

' ! 


XXX 

none 

! 

none 

1 



U 

m 

H 

4 

!4 

1 

^ "'f 

c....... „ ... . 

Vs 

. 48 

H 

so 

M 

2 

no 

nt 

' 

none 




,CE 

none 

none 




m 

%■ 

'4 

54 

154 

11. ... .. A 

L 

none 

none 



H 

m 

14 . 

, 4 

■54 i 

1 

1 

LE 

516 

48 

li 

50 

54 

i 

H 

m 

54 


.54 1 

1 

III 1 

A 

^6 

48 


SO 

14 ' 

u . ’ 

■■54 

m 

14 

4 

Kfi ■ 

,54 

1 

A A 

i 

48 

IM 

50 

H 

2 

H 


% 

4 

y$ 

m 


“ Tubes with a wall thickness greater than one half of the minimum inside dimension cannot be recommended for 
ma,iiy applications. 


table XVII ..-STANDARD SIZES OP SQUARE AND 
RECTANGULAR MOLDED TUBES. 


Type 

Grade 

Inside i 
Dimension, 
in. 

Outside ! 
Dimension, i 
ill. 

Wall Thick- 
ness, in. 

Min. 

Max. : 

Min. 

M'a.x. 

Min. 

Max.® 

f 

X 

% ■ 

m 

54 ' 

4 


1 .i 

I 

XX 

% 

32^54. 

% 

4 { 

% 

1 

1 

XXX... 

54 

3»?4 1 

?4 . 

4 

Hi 

1 ,., 

r 

CE 

% 

3J4 i 

54 i 

4 

54 1 

H 

II.. .. 

L 

H 

32% 


4 

Hi \ 

H 

i 

L'E 

li 

3 

% 1 

4 

■54 i 

li 

ITT 1 

A 

H 

m 

% ' 

4 

54 1 

1 5^ 


AA 

>2 

3M 

Va I 

4 , 

H ^ 

ii 


“ Tubes with a wall thickness greater than one half of 
the mininium inside dimension cannot be recommended 
for many applications. 


rated in these specifications shall be 
determined in accordance with the 
.following methods of the , American 
Society for Testing Materials: 

{a): Warp, or Twist , — The warp or 
twist shall be determined on the sheet 
in the as-received condition by laying a 
straight edge ' along The dimension to be. 
measured, and measuring the greatest 
deviation by. 'use; of a metal scale. 
Sheets shall be suspended in a vertical 
position against a horizontal straight 


TABLE XVIII.-PERMISSIBLE VARIATIONS IN 
CUT LENGTHS OF MOLDED RODS. 


Length, in. 

[ ,Permis,sibie 

I' Variations, Plus or 
Minus, in, 

i 

H toim 

in., inc!.. 
In 

Diameter 

2 to 4 in., 
incL, in 
Diameter 

3 and under. 

0.010 

0 010 

Over 3 to 6, incI, 

0.010 

0.015 

Over 6 to 12, inci., 

0.015 

0.020 

Over 12.. 

0.030 

0.030 


TABLE XIX. — PERMISSIBLE VARIATIONS IN 
DIAMETER OR MOLDED RODS. 

Permissible , Variation, 

Nominal Diameter, in. Plus or Minus, in, 

l/8toU5Mmcl . 0.005 

2 to 4, inci. ............. O.OOS 

straight edge. Calculate the warp or 
twist as follows: 

D X 100 
17 = —^ 

where: 

W — percentage warp or twist, 

D = maximum deviation of sheet from 
. straight edge in inches, and 
L ^ length of sheet in direction meas- 
ured in inches. 
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Id order to compare' the relative warp 
or twist for any length of sheet, calculate 
the percentage • . warp or twist, re- 
spectively, for a 36-m. length as follows: 



where:: 

C — percentage warp or twist cal- 
culated for a 36-in* length, 

W = percentage warp or twist, and 
L =! length of sheet in direction meas- 
ured in inches. 

(5) Tensile and Compressive Strengths, 
— ^Standard Methods of Testing Sheet 
and Plate Materials Used in Electrical 
Insulation (A.S.T.M. . Designation: 
D 229).® Specimens shall be tested in 
the as-received condition. 

(c) Flexural Strength. — Standard 
Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(A.S.T.M. Designation: D 229).^ Speci- 
mens shall be tested in the as-received 
condition. 

id) Impact Strength,— -Method, A of the 
Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical 
Insulating Materials (A.S.T.M. Desig- 
nation: D 256),® except that the time of 
conditioning shall be 48 hr. for any 
thickness of test specimen, and the 
specimens shall be cooled in a desiccator 
to room temperature before testing. 

(e) Power Factor^ Dielectric Constant ^ 
and Loss Factor. — Tentative Methods of 
Test for Power Factor and Dielectric 
Constant of Electrical Insulating Mate- 
rials (A.S.T.M. Designation: D 150).® 
Specimens shall be tested in the as- 
received condition. 

if) Dielectric Strength. — Standard 
Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(A.S.T.M. Designation; D 229).® The 
dielectric strength perpendicular to 
laminations only shall be determined, 


and specimens shall tested in the f 
as-received' condition. 

ig) Water : Absorptmt.—~Stmd^id 
Method of Test for Water Absorption i 
of Plastics (A.S.T.M. Designation: D 
570).® The test specimens shall be 
conditioned for 1 hr. at 105 to 110 C, 

(221 to 230 F.) prior to the 24-hr. im- 
mersion. 

ih) Dimensions iLength, Width, and 
Thickness). — ^The length and width of 
sheet shall be determined on the materia] 
in the as-received condition by means of 
a steel scale. The thickness shall be 
determined in accordance with the 
Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical Insu- 
lation (A.S.T.M. Designation; D 229).® 

Methods of Testing Tubes 

14. The properties of tubes enu- 
merated in these specifications shall be 
determined in. accordance with the fol- t 
lowing methods of the American Society J 
for Testing Materials: 

ia) Warp or Twist. — Standard / 

Methods of Measuring Dimensions of 
Rigid Tubes Used in Electrical Insulation 
(A.S.T.M. Designation: D 668),® except 
that the warp shall be measured on 
tubes in the as-received condition, 

ib) Tensile and Compressive Strength. 

— Standard Methods of Testing Lam- 
inated Tubes Used in Electrical Insu- ' 
lation (A.S.T.M. Designation: D 348).® 

(c) Power Factor, Dielectric Constant, 
and Loss Factor.— Section 12 (5) of the 
Tentative Specifications for Round Phe- 
nolic Laminated Tubing for Radio 
Applications (A.S.T.M. Designation: 
D616).® 

id) Dielectric Standard 

Methods of Testing Laminated Tubes 
Used in Electrical Insulation (A.S.T.M. 
Designation: D 348),® except that the 
specimens shall be tested in the as- 
received condition. 
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(e) , Water; Absorption,'— StzndsLid 
Method of Test for Water Absorption 
of: Plastics. (A.S.T.M.,, Designation: D 
570).® The test 'specimens shall be. 
conditioned for 1 hr. at 105 to HO C. 
(221. to 230 F.) prior to the 24-hf. im- 
mersion.., 

, , : (/) Dimensions, — Standard Methods 
of Measuring Dimensions of Rigid Tubes 
Used in Electrical Insulation (A.S.T.M. 
Designation: D 668).^ 

Methods of Testing Rods 

15. The properties for rods enu- 
merated in these specifications shall be 
determined in accordance with the 
following methods of the American 
Society for Testing Materials: 

(a) Warp or Twist, — ^Tentative 
Methods of Measuring Dimensions of 
Rigid Rods Used in Electrical Insula- 
tion (A.S.T.M. Designation: D 741), ^ 
except that the warp shall be measured 
on rods in the as-received condition. 

(5) Tensile and Compressive Strengths, 

■ — Standard Methods of Testing Lam- 
inated Round Rods Used in Electrical 
Insulation (A.S.T.M. Designation: 
D349).3 

(c) Flexural Strength, — Standard 
Methods of Testing Laminated Round 
Rods Used in Electrical Insulation 
(A.S.T.M. Designation: D 349).® 

(d) Water Absorption. — Standard 
Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: 
D 570).® The test specimens shall be 
conditioned for 1 hr. at 105 to HOC. 
(221 to 230 F.) prior to the 24-hr. im- 
mersion.. 

(e) Dimensions, — -Tentative Methods 
of Measuring Dimensions of Rigid Rods 


Used in Electrical Insulation (A.S.T.M. 
Designation : D 741) 

Retest and Rejection 

16. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the material may be rejected at the 
option of the purchaser. Notice of 
failure of material based on tests made 
in accordance with these specifications 
shall be reported to the manufacturer 
within three weeks from the receipt of 
the material by the purchaser. Any 
portion of an accepted shipment of 
material which is subsequently found not 
to be in accordance with these specifica- 
tions may be rejected provided the 
manufacturer is notified within 90 days 
from the date of receipt of the material 
by the purchaser. 

Packing and Marking 

17. {a) Packing. — The material shall 
be packed in substantial crates, boxes, 
or cartons so constructed as to insure 
acceptance by common or other carriers 
for safe transportation at the lowest rate 
to the point of delivery, unless otherwise 
specified in the contract or order. 

(5) M arhing. — Shipping containers 
shall be marked with the name of the 
material, type, grade, form, and the 
quantity contained therein, as defined by 
the contract or order under which ship- 
ment is made, the name of the manufac- 
turer, and the number of the contract 
or order. 


(See Appendix, p. 566) 
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APPENDIX 

Detailed Descriptions oe the. Various Grades oe Laminated Materials 


Type L — Cellulose paper base laminated material: 

Grade X.—A strong paper base laminated 
material primarily intended for mechanical 
applications where electrical requirements are 
of secondary importance. Should be used with 
discretion when high humidity conditions are 
encountered. Not equal to fabric base grades 
in impact strength. 

Grade P. — A paper base laminated material 
primarily intended for punching. More flexible 
and not quite as strong as grade X. Moisture 
resistance and electrical properties intermediate 
between grades X and XX. 

Grade XX.— A paper base laminated material 
suitable for usual electrical applications. Good 
machinability. 

Grade XX P. — A paper base laminated mate- 
rial similar to grade XX in electrical and 
moisture resisting properties, but more suitable 
for hot punching. Intermediate between grades 
P and XX in punching and cold flow character- 
istics. 

Grade XXX. — A paper base laminated mate- 
rial better electrically than grade XX and 
suitable for high humidity applications, and 
with minimum cold flow characteristics. 

Grade XXXP.—A paper base laminated 
material smilar to grade XXX, but having lower 
dielectric losses and being more suitable for 
hot punching. This grade has greater cold flow 
than grade XXX, and is intermediate between 
grades XXP and XXX in punching character- 
istics. 

Type IL — Cellulose fabric base laminated mate- 

rial: 

Grade C.—A fabric base laminated material 
made throughout from cotton fabric weighing 
over 4 oz. per sq. yd. and having a count as de- 
termined from inspection of the laminated plate 
. of not more than 72 threads per inch in the filler 
direction, nor more than 140 threads per inch 
total in both warp and filler directions. A 
strong, tough material suitable for gears and 
other applications requiring high impact. The 
heavier the fabric base used the higher will be 
the impact strength, but the rougher the 


machined edge; consequently, there may. be 
several subclasses in this grade adapted 'for 
various' sizes of gears and types of mechanical 
service. Should not be used for electrical 
applications except for low voltages. 

Grade CE. — fabric base laminated material 
of the same fabric weight, and thread count as 
grade C. For electrical applications requiring 
greater toughness than grade XX, or mechanical 
applications requiring greater resistance to 
moisture than grade C Exceptionally good in 
moisture resistance. 

Grade L. — A fine weave fabric base laminated 
material made throughout from cotton fabric 
weighing 4 oz. or less per square yard. As deter- 
mined by inspection of the laminated plate, the 
minimum thread count per inch in any ply shall 
be 72 in the filler direction and 140 total in both 
warp and filler directions. For purpose of 
identification, the surface sheets shall have a 
minimum thread count of 80 threads per inch in 
each of the warp and filler directions. This 
grade is suitable for small gears and other fine 
machining applications, particularly in thickness 
under i in. Not quite as tough as grade C. 
Should not be used for electrical application 
except for low voltage. 

Grade LE. — A fine weave fabric base lam- 
inated material of the same fabric weight, and 
thread count as grade L. For electrical applica- 
tions requiring greater toughness than grade XX. 
Better machining properties and finer ap- 
pearance than grade CE, also available in thinner 
sizes. Exceptionally good in moisture resistance. 

Type III. — Asbestos base laminated material: 

Grade A. — ^An asbestos paper base laminated 
material. More resistant to flame and slightly 
more resistant to heat than other laminated 
grades because of high inorganic content 
Suitable for only low voltage applications. 
Minimum dimensional changes when exposed 
to moisture. 

Grade -An asbestos fabric base 

laminated material. Similar to grade A but 
stronger and tougher. Minimum dimensional 
changes when exposed to moisture. 


Tentative Specifications for 

VULCANIZED FIBRE SHEETS, RODS, AND TUBES USED 
FOR ELECTRICAL INSULATION! 



A,S.T.M. Besignatioa: D 710 - 43 T 
Issued, 1943.* 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L These specifications cover vulcan- 
ized fibre sheets, round rods, and round 
tubes of such grades suitable for use as 
electrical insulation. 

Vulcanized Fibre 

2, Vulcanized fibre is made by com- 
bining layers of chemically gelled paper. 
The chemical compound used in gelling 
the paper is subsequently removed by 
leaching, and the resulting product after 
being dried and finished by calendering, 
is a dense material of partially regen- 
erated cellulose in which the fibrous 
structure is retained. 

Grades 

3. Three grades of vulcanized fibre 
are covered, as follows: 

Bone Grade— Bom grade vulcan- 
ized fibre is characterized by high 

^ Under the standardization procedure of the Socie^» 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-9 on Electrical Insulating Ma- 

* Accepted by Committee E-10 on Standards, April 
27, 1943, 


density resulting from modification 
of the cellulose. It possesses maxi- 
mum hardness and physical strength 
as well as excellent turning, threading, 
and milling characteristics. 

Commercial Graie.— Commercial 
grade vulcanized fibre is generally 
characterized by lower density than 
bone grade. It possesses good physi- 
cal and electrical properties and can 
be fabricated satisfactorily by punch- 
ing, turning, and forming operations. 
It is intended for. general mechanical 
and electrical applications and is 
sometimes referred to as Mechanical 
and Electrical Grade. 

Electrical Insulation Grade. — Elec- 
trical insulation grade vulcanized fibre 
is characterized by high dielectric 
strength and toughness. It is pri- 
marily intended for specific electrical 
applications, particularly those in- 
volving difficult, forming .or bending 
operations, and it is sometimes re- 
ferred to as “fish paper,'' 
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Forms and Colors 


Detail Requirements for Round Tubes 


4. Vulcanized fibre in the following 
forms and colors are covered: 

Forms Colors® 

Bone Grade Sheets,^ tubes. Gray 

rods 

Commercial Grade — Sheets, tubes, Red, Gray, 

rods Black 

Electrical Insulation 

Grade...... Sheets® Gray 

° In any of these standard colors, considerable varia' 
tion in shade may be expected. 

® Sheets are available both flat and in rolls. Rolls 
are made of sheets in certain thin thicknesses only, gen- 
erally one continuous sheet per roll. 

Chemical Requirements 

5. The material shall conform to the 
requirements as to chemical composition 
prescribed in Table I. 


TABLE I.— CHEMICAL REQUIREMENTS. 


Grade 

Color 

Zinc 

Chlo- 

ride, 

imax., 

per 

cent 

Ash, 

max., 

per 

cent 

Bone 

Gray 

0.2 ! 

3 

r^ATYimA’pr'tfl 1 1 

Red 

0.2 

7 


Gray and Black . . . 

0.2 

3 

Electrical Insulation. . . 

Gray 

0.2 

3 


8. Round tubes shall conform to the 
requirements as to physical and electri- 
cal properties prescribed in Tables IX 


TABLE III.-WATER ABSORPTION AND DIELEC- 
TRIC STRENGTH REQUIREMENTS FOR 
SHEETS. 


Grade 



Commercial.' 


Electrical 
Insulation . 


Nominal Thickness, in. 

1 

Water 
Absorp- 
tion, 
max., 
per cent, 


2 

hr. 

24 

hr. 

to incl 



to m incl i 

50 

60 

C)ver K^to 14, incl i 

20 

50 

Over ^ to incl,. ...... 

10 

25 

Up to incl 

to 14, incl., 

55 

65 

Over Ke to 14, incl 

Over 1^ to incl 

25 

60 

Over ^ to 14, incl 

15 

35 

Over 14 to 1, incl 

IS 

35 

Over 1 to 2, incl 

8 

20 

0.004 to 0.005, incl 

Over 0.005 to 0.015, incl.. 

Over 0.015 to 0.040, incl.. 



Over 0.040 to 14, incl. ... 
to 14, incl 

55 

65 



S ^ 

.wds 


,S cb > 

a 

175 ■ 

iso 

100 

50 

175 

iso 

100 

50 


200 

300 

250 

175 


® Total breakdown voltage of 25,000 v. 


TABLE n,— TENSILE, COMPRESSIVE, AND FLEXURAL STRENGTH REQUIREMENTS FOR SHEETS. 


Grade 

Nominal Thickness, in. 

Tensile Strength, 
min., psL 

Compres- 

sive 

Strength, 
min., psi 

Flexural Strength, 
min., psi. 

Cross- 

wise 

Length- 

wise 

Flatwise 

Crosswise 

Length- 

wise 

Rnrii* f 

14 to 14, incl 

6 500 

' 8 500 

30 000 




Over 14 to 14, incl. 

! 6 000 

1 8 000 

30 000 

13 000 

IS 000 

^ , f’ 

Up to 14, incl 

1 6 000 

8 000 

20 000 



Commercial J 

Over 14 to 14, incl 

5 500 

7 500 

20 000 

12 000 

14 000 

1 

Over 14 to 2, incl 

5 000 

7 000 

20 000 

11000 

13 000 

Electrical Insulation..' 

Up to ^4, incl 

6 000 

8 000 












Detail Requirements for Sheets 

6. Sheet material shall conform to the 
requirements as to physical and electrical 
properties prescribed in Tables II, III, 
IV, and V. 

Detail Requirements for Round Rods 

7. Round rods shall conform to the 
requirements as to physical properties 
prescribed in Tables VI, VII, and VIII. 


and X. Density of tubing shall con- 
form to the requirements prescribed in 
Table V for the respective grade and 
thickness. 

Sheet Sizes and Permissible Variations 

9. (a) Sheets shall be furnished in the 
manufacturer’s standard sheet sizes. 

Note,-— In general, manufacturer's standard 
sizes for the various grades and thicknesses will 
be as shown in Tahle XI. 
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(b) Wbm sheets and .rolls: are trimmed 
to a specified widths the maximum per- 
missible variation in width shall be plus 
or minus f in. . 


TABLE IV,— BURSTING AND TEARING STRENGTH 

requirements for electrical INSULA- 
' TION GRADE SHEETS, 


Grade 

Nominal 

Thickness, 

in. 

Bursting Strength, 
jnin., psi. 

Tearing 
Strength, 
min,, g. 

Ma- 

chine 

Direc- 

tion 

Cross 

Direc- 

tion 

Electrical Insula tion — | 

0.005.... 

0.007.... 

o.oio.... 

O.OIS.... 
0.020. . . . 

75 

105 

150 

225 

325 

100 

190 

250 

375 

120 

220 

300 

450 


TABLE V.— DENSITY REQUIREMENTS FOR 
SHEETS. 


Grade 

Nominal Thickness, in. 

Den- 
‘ sity, 
min., g. 
per cu. 

■ cm. 


to H icicl 

1 .30 


Up to 0.010 

0.90 


0.010 to incl 

1.15 

Commercial . . . . • 

Over to 5^, incl 

1.20 

Over to 1, incl.. 

1.10 


Over 1 to incl 

1.05 


Over IJi^ 

1.01 

Electrical In- | 

Up to 0.010.. 

0.90 

0.010 to incl 

1.15 

sulation. . . . . .| 

Over ^ to incl 

1.20 




TABLE VI.— TENSILE, COMPRESSIVE, AND 
FLEXURAL STRENGTH REQUIREMENTS 
FOR ROUND RODS. 


Grade , 

Nominal Diameter, 
in. 

Tensile 
Strength, 
min., psi. 

Compressive 
Strength, 
min., psi. 

Flexural 
Strength, 
min., psi. 

Bone. ...... 

M to incl. ......... 

8 000 ^ 

8 000 

15 000 

Commer- 1 

M to Hi incl 

7 500 

6 000 

14 000 

cial 1 

Over H to 1, incl 

7 000 

6 000 

13000 


(c) When sheets are trimmed to a 
specified length, the maximum permis- 
isbie variation in length shall be plus or 
minus | m. 

(d) The maximum permissible vari- 
ations in widths of strips cut from sheets 


TABLE VII.-WATER ABSORPTION. REQUIRE- 
MENTS FOR ROUND RODS; ' 


Grade 

Nominal. Diameter, in,. 

i ■ Water 
^ Absorption', 
'"'max., 

I per cent 



2 hr. 

24 hr. 

Bone 1 

14 to Hs* ■ 

35 

75 

50 '■ 

80 

60, 

30 

25 

Over to Hi incl 

H to Hi incl, 

15 

40 

Commercial | 

Over H to H, incl. . . . 

Over H to 1, incl 

Over 1 to 2, incl 

20 

10 

8 


TABLE VIII, -DENSITY REQUIREMENTS FOR 
ROUND RODS. 


Grade 

Nominal Diameter, in. 

Den- 

sity,' 

g. 

per cu, 
cm. 

Bone. 

H to Hi incl.. 

1.30 


H to Hi incl 

1.15 


Over H to Hi iocl 

1,20 

Commercial. .. .< 

Over H to 1, incl 

1.10 


Over 1 to IMi incl 

1.05 

* 

Over IH to 2, incl 

i.di 


TABLE rX.-TENSlLE AND COMPRESSIVE 
STRENGTH REQUIREMENTS FOR ROUND 
TUBES. 


Grade 

Nominal Wall Thickness, in. 

*3? 

, bt) ^ 

AJ S ' r 
'53 

Sm S 

Axial Compres- 
sive Strength, 
min,, psi. 

Bone and 
Commer-< 
cial 

All sDftti 

6500 


Up to 1.5 in. 
in outside 
diameter 

(Up toH ! 

1 54i incl 1 

10 000 

9 000 


TABLE X.— WATER ABSORPTION AND DIELEC- 
TRIC STRENGTH REQUIREMENTS FOR 
ROUND TUBES. 


Grade 

Nominal Wall 
Thickness, in. 

Water 
Absorption, 
max., per 
cent 

fl 

1.4 

SIR 



2 hr. 

24 hr. 

Q 

Bone and 

(Up to 

Over to Hi incl.. . 



V175 
ISO ' 

Commer- 

■ 14 to Hi inch. ... — 

SO 

75 


cial 

Over H to Hi inch... 

20 

SO 

ido 

Over M to Hi incl....i 

10 

25 

SO': 


by the indicated operations shall be as 
prescribed in Table XII. 

(^) The maximum permissible vari- 


570 


Speotications for Vulcanized Fibre (D 710 -43 T) 


ation in thickness of full sheets shall be 
as prescribed in Table XIII. 


TABLE XI.— MANUFACTURER’S STANDARD SIZES 
O'F SHEETS.® 


. .Grade.' 

Thickness, in. 

Width, 

in. 

iLengtlf, 

' in. 

Bo,ne. 


i4 to 14» mcl 

Over 14 to inch . . . 

40 to 46 
40 to 46 

80 to 84 
66 to 84 

Commercial . 


0.010 to 14 ind... . ... 

Over 14 to 2, incL. . . 

45 to 52 
45 to 52 

80 to 84 
72 to 84 

Electrical \ 
Insulation} 


0.004to iacl 1 

46 to 52 

80 to 84 


® Other standard sizes of sheets can be furnished by 
some manufacturers ranging up to 50 in. in width and 90 
in. in length in the bone grade, 56 in. in width by 90 in. 
in length in the commercial grade, and 56 in. in width in 
the electrical insulation grade. 


TABLE XII.-PERMISSIBLE VARLATIONS IN 
WIDTHS OF STRIP CUT FROM SHEETS.® 


Permissible Variations, 
plus or minus, in. 


Vfidth, in. 

Slit 

(Ribbon 

Rolls) 

Sheared 

! 

Band 

Sawed 

Smooth 

Sawed 

*4 aod imder. 0.010 

i 0.015 

0.020 

0.006 

to ind 0.015 

1 0.020 

0.030 

0 008 

34 to 1, ind 0.020 

1 0.030 

0.045 

0.010 

114 to 2, ind 0.Q30 

1 0.040 

Q.060 

0.012 

Over 2 to 4 0.040 

1 0.050 

t 

0.075 

0.014 


® On strip of widths not listed in this table, the per- 
missible variations shall be the same as for the next 
greater width. 


TABLE XIII.-PERMISSIBLE VARIATIONS IN 
THICKNESS OF FULL SHEETS.® 



Permissible 

Nominal Thickness, in. 

Variations, plus 


or minus, m. 

0.004 to 0.040, ind 

10 per cent 


0.004 

O.OSG to 14, md 

0.005 

0.065 to 14, ind 

0.007 

0.100 to inch... 

0.009 

54 to H, ind 

0.012 

14 to 54, ind 

0.015 

% to K, ind. 

0.025 • 

% to 114, ind 

0.040 

114 to 2, ind 

0.060 


® On sheets of nominal thickness not listed in this table, 
the permissible variations shall be the same as for the 
next greater thickness. 


(/■) The maximum permissible vari- 
ations in sheets cut in halves, thirds, or 
quarters shall be as shown in Table XIV. 

Rod Sizes and Permissible Variations 

10. (a) Rods shall be furnished in the 
same nominal sizes as sheets. Rods 


shall be cut from sheet and' the length 
is limited' by the length of the sheet. 

(i) The maximum, permissible ' vari- 
ations in diameters of rods, shall be , as 
shown in Table XV. 


TABLE XIV.— PERMISSIBLE ■ VARIATIONS IN 
THICKNESS OF SHEETS CUT IN HALVES; 
THIRDS. AND QUARTERS. 


Nominal Thickness, In. 

Permissible 
Variations, 
plus or minus, in. 

14 and under 

Over 14 to 14, ind 

8 per cent 
0.004 

Over 14 to 34, incL. 

0.005 

Over 34 to 14, incL. 

0.007 

Over 14 to H, ind 

0.010 

Over % to incL... 

0.012 

Over 14 to 54, ind 

0.012 

Over 54 to 54, ind ; 

0,018 

Over H to incL 

0.020 

Over % to 134, ind 

0.030 

Over 114 

0.040 


TABLE XV.-PERMISSIBLE VARIATIONS IK 
DIAMETER OF RODS.® 


Nominal Size of Rod, 
Outside Diameter, in. 


■ Permissible 
Variations, plus 
' or minus, in. 


and under 0,005 

ij^tol.inci 0.006 

V46 to 2, ind 0.010 


® On rods of nominal diameters not listed in this table, 
the permissible variations shall be the same as for the next 
greater diameter. 


TABLE XVI.-STANDARD STEPS IN INSIDE AND 
OUTSIDE DIAMETERS OF TUBES. 


Nominal Inside 
Diameter, in. 

Diam- 
eters 
Avail- 
able in 
Steps 
of, in. 

Nominal Outside 
Diameter, in. 

Diam- 
eters 
Avail- 
able in 
Steps 
of, m 

14 to 54, incl 

Ui 

34 to 14, incl.. . . . . 

34 

% to 1 , incl 

14 

% to IM, ind i 


life and over 

He 

154 and over. — . 

14 


Tube Sizes and Permissible Variations 

11. (a) The sizes of tubing shall be as 
shown in Tables XVI, and XVII. 

(6) The maximum permissible vari- 
ations in inside and outside diameters of 
tubes shall be as shown in Table XVIII. 

Methods of Testing v 

12. Vulcanized fibre shall be condi- 
tioned and tested in accordance with 
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the Tentative: Methods of 'Testing ,■ Vul- 
canized Fibre Used for Electrical Insn- 
lation (A.S.TM. Designation: D. ,61.9).^ 

Workmanship 

13. The material shall be unHorin in 
quality, consistent with the properties 
prescribed in these specifications.. It. 


TABLE XVII.-WALL THICKNESS :OF TUBES.®, 


Nom.mal V , 

I naide Diameter, in. 

^ Wall Thickness, in. . 

Minimum 

Maximum. 

'.. ■ ■ 

0.020 

H 


0.020 , 

H ." ■ ■^ 


0.020 

H 

7^ 

0.020 

Vb 


0,020 

H 

^ ■... ■. .' . : 


U 



H 


M'S ■ ■ 

li 



}4 


'■■. 

U 


", ■'. 

H 

U 32 

^2 

1.4 


■M ■ ■ 


■ ■■'l^ 

}4 


In 

. H 

jj/ 

14 

■ H 


■ ■14' ' 


% 

. 14 . 


H 

14 






14' 


■ ■ 




H 2 

its 

iH 

'■■14. : 



ll6 


m 

: ■ Ks ■ 

Hb 

4 and over — 

., . , Vs 

ks 


® For intermediate sizes, values for the next smaller 
size shall apply. 


shall be free from blisters, and reasonably 
free from :wriiikles,., cracks, ,scratches, 
and dents. 

Inspection 

14. (a) The manufacturer shall a,fford, 
the inspector representing^ the purchaser 
all reasonable facilities, .without charge, 
to satisfy him that ,the material, is being 
furnished in acco,rdance with, these speci- 
fications. The. tests and inspection at 
the place of manufacture may be. mad.e 
prior to shipment and such inspection 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


sha.ii be final. , All tests and inspection, 
■shall be so conducted as not to interfere 
.'unnecessarily, with the operation of the 

works. 

(b) In case .material, is not inspected 
at the place, of manufacture, the pur- 
,chaser may m.ake the tests to, govern ,the' 
acceptance or .rejection, of the, material 
■in his , own l.aho.ratoiy or .elsewhere.. 
Such' tests, however, shall be m.ade ,at 
■the expense of the purchaser. , 

Rejection 

^ : 15. (a) Unless otherwise specified, any 
rejections based on tests made in ac- 
oordance with Section 12 shall be re- 


TABLE XVIII.— PERMISSIBLE VARIATI0:N.S IN 
INSIDE -AND OUTSIDE DIAMETERS OF TUBES.® 


! 

Nominal S.ize of Tubing, 

■^ Outside Diameter, In, ■ { 

■ j 

Permissible 
Variations in 
Inside or Outside 
Diameter, plus 
or minus, in. 

H and under.... I 

■ 0.004 

to 1, incl — j 

, . 0.005. 

lliB to 2, incl.. . 

, 0.008 ■ . 

214 and over. 

0.010.... ■ 


®On tubes^ of no.mina! ,di3itteteis not, listed in this 
■table, 'the permissible variations shall be the same as 
■ for the ne-xt greater diameter. 


ported -to the manufacturer within three 
weeks, from the receipt of material by 
the purchaser. 

(b) Any porti.o.n of -an accepted ship- 
ment of material which is , subsequently 
found not to be in , accordance . with 
these , specificatio.ns, may' be rejected, 
provided the manufacturer is notified 
wdthin ninety days of receipt of the 
material by the purchaser. 

' .'(c) Samples tested in accordance with 
Section' 12 that represent rejected ma- 
terial, shall be preserved for one month 
from the date of the report. In case of 
dissatisfaction with the results of the 
tests the manufacturer may make claim 
for a rehearing within that time. 


Tentative Specifications for 

PHENOLIC LAMINATED SHEET FOR RADIO 
APPLICATIONS* 



A.S.T.M. Designation : D 467 - 44 T 
Issued, 1937; Revised, 1940, 1944.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover phenolic 
laminated sheet of the following five 
grades for radio or similar applications 
where high frequencies are involved. 

Gmdt No. L—A paper base punching 
stock for use where dielectric losses 
are of minor importance, 

Grade No. 2.— A paper base punching 
stock having medium dielectric loss, 

Grade No. 3 . — A paper base punching 
stock having low dielectric loss, 

Grade No. 4 . — A hard paper base 
stock having low dielectric loss, and 

Grade No. 5 . — ^A fabric base stock 
having medium dielectric loss. 

Note.— Usual applications for the various 
grades are given in the Appendix. 

Material 

2. The material shall consist of layers 
of paper or cotton fabric as required. 
These layers shall be suitably impreg- 
nated with a phenolic type resinous 
compound and consolidated into hard 

* Under tlie standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S-T.M. Committee I>-9 on Electrical Insulating 
Materials, 

* Latest revision accepted by the Society at annual 
meeting, June, 1944. 


dense sheets under the action of heat 
and pressure. 

Punching Quality 

3. (a) The grades of material differ 
in their suitability for punching but 
any of the grades may be punched in 
simple shapes and thin sizes provided 
good punching practice is used, including 
sharp, close clearance dies, proper strip- 
per plates, and proper heating conditions. 
When using good punching practice as 
outlined in Paragraph (c), the various 
grades shall punch satisfactorily in 
thicknesses up to and including the 
maximum limits given in Table I. 

(6) Where punching properties better 
than those listed in Table I are required 
for particular parts, this shall be subject 
to agreement between the manufacturer 
and the purchaser, 

(c) In good punching practice, the 
edges of the piece shall be not closer to 
the edge of the strip than twice the, 
thickness of the sheet; the holes ;shaE, be; 
not smaller in diameter than the thickness 
of the sheet nor have square corners; 
the distance between holes or between, 
holes and edge of piece shall be not less 
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tbaii the thickness of the sheet.. Heating 
the; material to a temperature of 120 to 
140, C. (approximately ' 15 m.in. for mate- 
rial I in. in; thickness) is generally , neces-' 
sary for best punching results, although ' 
in grade No. 1 this may make the mate-^ 
rial too soft. In this case, better results 
may be obtained by heating at lower 
table I.— maximum thickness for various 

GRADES AT WHICH SATISFACTORY PUNCHING 
RESULTS MAY BE OBTAINED WHEN USING 
GOOD PUNCHING .PRACTICE. 


When Heated to 

At Room 120 to 140 C. 

Temperature Before 

Grade (20 to 30 C.) Punching 

No. 1... \ 'ifein, I in. 

No. 2 Ain*. Ain. 

No. 3.' Ain. 

No. 4. A in. in simple 

shapes only 

No. 5 Jin. 


Note. — With simple forms and special precautions 
greater thicknesses than the above can sometimes be 
punched. With poor dies, poor punching practice, or in- 
tricate parts, good results cannot be expected in the 
thicknesses listed in the table. 

temperatures or for a shorter time. If 
more than 2 min, elapse betiveen the 
time the strip leaves the heating medium 
and the last piece is punched, results 
will be poor. 

Flexural Strength 

4. (a) The flexural strength in either 
direction of the sheet, tested flatwise, 
shall be not less than 11,000 psi. 

(b) The flexural strength shall be deter- 
mined in accordance with the Standard 
Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(A.S.T.M. Designation: D 229) of the 
American Society for Testing Materials,^ 

Power Factor, Dielectric Constant, and 
. Dielectric Loss Factor ' 

5. (a) The values for power factor, 
dielectric cpnstant, and dielectric loss 
factor when measured at a frequency of 
1,000,000 cycles shall not exceed those 
prescribed in Table 11. 

(h) The apparatus and general method 
of test shall conform to the Tentative 

3 Appears iu this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


'Methods of Test for Power Factor and 
Dielectric Constant of Electrical Ln- 
sulating Materials (A.S.T.M. Designa- 
tion: D 150) of the American Society 
for Testing Materials.®. The sizes of 
specimens and. electrodes shall be as 
listed in Table III. The test on material 

TABLE n. — MAXIMUM PERMISSIBLE VALUES FOR 
POWER FACTOR, DIELECTRIC CONSTANT, AND 
DIELECTRIC LOSS ' FACTOR MEASURED PER- 
PENDICUXAR TO LAMINATIONS. , 


Frequency ■« 1,000, (KK) cycles. 


Grade 

j 

Values oil .Material 
as Received 

Values on 
Material After 

24 hr. Immersion 
in Water 

Thick- 
nesses 
4 m. 1 
and , 
over 

Thick- 

nesses 

under 

4 in. 

Power i 
Factor 

Di- 

elec- 

tric 

Con- 

stant 

Di- i 
elec- 
tric 
Loss 
Factor 

Power 

Factor 

Power 

Faettor 

No.i 

0.060! 



0.100 

0.150 

No.2........ 

0.045 

5.S 

I 6.25 

0.050 

0.060 

No. 3 

0.030 

5.2 

0.16 

0.035 

1 0.045 

No. 4 

0.035 

5.2 

0.18 

0.040 

1 

No. 5 

0.045 

5.5 

' 0.25 

1 0.050 







[. 


TABLE ni.—SIZE OF SPECIMENS AND ELECTRODES 
FOR MEASUREMENTS OF POWER FACTOR 
AND DIELECTRIC CONSTANT. 


Thickness, in. 

Size of 
Specimen , 
in. 

Diameter 
of Disk 
Electrodes, 
in. 

Under A 

... 6 by 6 

3 

A to i, incl 

... 6 by 6 

4.5 

Over i to i, incl 

... 8 by 8 

6 

Over J to 1, incl 

... 10 by 10 

8 

Over i to 1, incl 

... 14 by 14 

11 


as received shall be made on specimens 
under ordinary laboratory conditions 
provided the temperature is between 20 
and 30 C. The immersion for 24 hr. 
in water shall be made in a fresh supply 
of clean tap water held at 25 d: 2 G, 
For material J in. and under in thickness 
duplicate specimens from the same sheet 
shall be used, one for the as-received test 
and the other for the water-immersion, 
test. For thicker materials, „ the " as- 
received specimen may be used for water 
immersion, provided the disk electrode 
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is removedj tbc grease washed off with 
benzol or gasoline and the specimen 
wiped carefully and allowed to air' dry 
■for 1 hr. before placing it in the water. 
In all cases, specimens shall be removed 
from the water at the end of 24 hr. and 
the excess water wiped off with a soft 
cloth; then the electrodes shall be 
applied and measurements made im- 
mediately. 

table iv.-fekmissible variahons in size 

OF PIECES CUT FROM STANDARD SHEETS. 


Permissible ' ¥ariations in Thickness ^ 

9. The .permissible variations /from., 
the standard thicknesses of the various' 
grades shall be within the requirements 
prescribed in Table VI. At least 90' 
per cent of the area of the sheet shall be 
within the variations given in Table VI 
and at no point shall the thickness as 
measured vary from the nominal by a 

TABLE VI.-PERMISSIBLE VARIATIONS IN 

^ thickness. 


Nominal Thickness, in. 


Permissible Variations in 
Length or Width, 
plus or minus, in. 


to 1» inch. 


6 in. and 

over 6 to 

24 in. and 

under 

24 in. 

over 

0.010 

0.015 


0.012 

0.017 


, O.OIS 

0.020 

1 


Nominal Thickness," in. 


Fraction 
of Inch 


Permissible Variations 
plus or minus, in. 


table V.— ranges of standard thicknesses 

AVAILABLE. 

Range of Standard 
Thicknesses, in. 

1 0.010 to i, incl. 

No! 2 ” 

No. 3 A |> P*'!’ 

No. 4 A to h 

No.S Ato 

Size of Sheet 

6. Sheets shall be furnished in manu- 
facturer’s standard sheet sizes. The 

length and width may vary 1 in. over or 

under the manufacturer’s standard size. 

Note. — In general, manufacturer’s standard 
widths are between 36 and 4S in. 

Permissible Variations in Size of Small 
Pieces 

7- When small pieces are ordered to 
be cut from standard size sheets the 
permissible variations from the specified 
length or width shall be within the 
requirements prescribed in Table IV. 

Standard Thicknesses 

8. The nominal thickness of the mate- 
rial shall be specified in the order. The 
ranges of standard thicknesses for each 
grade are shown in Table V. 


Decimal 

Equivalent 

Grades 

Nos. 1, 2, 3, 
and 4 

0.010...... 

0.002 

0.015 

0.0025 

0.020 

0.003 

0.025 

0.0035 

0.031 

0.0035 

0.047 1 

0.0045 

0.0625. 

0.005 

0.094 

0.007 

0.125 

0.008 

0.156....... 

0.009 

0.1875...... 

0.010 

0.219 

0.011 

0.250....... 

0.012 

0.3125 

0.0145 

0.375 

0.017 

0.438 

0.019 

0.500 

0.021 

0.625 

0.024 

0.750 

0.027 

0.875 

0.030 

1.000.. 

0.033 


“ On sheet oi nommai laicnucsa uui. v 

table, the permissible variations shall be the same as 
given for the next greater thickness. 

value greater than 125 per cent of the 

specified variation. 

Color and Finish 

10, The color and finish of the mate- 
rial shall be as specified in the order. 
The standard colors and finishes for the 
various grades are listed in Table VII. 

Workmanship , 

11. The material shall be uniform in 
quality consistent with the properties 
prescribed in these specifications. It 
shall be free from blisters, wrinkles or 
cracks and reasonably free from other 
small defects such as scratches, dents, 
solvent areas, etc. 
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Packing 

12. Unless otherwise specified, material 
shall be packed in substantial crates or 
boxes in accordance with the usual 
practice of the individual manufacturer. 

Marking ' 

13. Every full-size sheet shall be 


furnished in accordance' with these 
specifications. Tests and inspection at 
the place of manufacture may be made 
prior to shipment, and such inspection 
shall be final All tests and inspection 
shall be so conducted as not to interfere 
unnecessarily with the operation of the 
works. 


marked with the manufacturer's name 
or trade-mark, and the A.S.T.M. grade 


table vii.-standard colors and finishes 

AVAILABLE. 


Grade 

Color® 

Finish 

No. 1 ... 

Natural, Black, Chocolate 

Semigloss or Dull 

No. 2.... 

Natural, Black, Chocolate 

Semigloss or Dull 

No.3.... 

Natural only 

Semigloss or Dull 

No, 4.... 

Natural or Black 

Polished or Semi- 



gloss 

No.5..,. 

Natural only 

Semigloss 


Natural is the color produced by the natural undyed 
paper or fabric and resin used and may vary from a light 
tan to a light brown or reddish brown. This natural color 
shall be free from streaks or stains, and substantially 
uniform except for grades Nos. 2 and 3 which may be 
mottled in appearance. 

Black sheets shall have substantially uniform black 
surfaces and black body. A slight grayish-black color 
on sawed or machined edges is permissible. 

Chocolate sheets shall have a uniform dark brown or 
chocolate surface with natural core, 

number and designation D 467. The 
containers shall be marked with the 
manufacturer’s name, A.S.T.M. grade 
number and designation D 467, size 
and quantity of sheets therein, to- 
gether with other marking required by 
the purchaser. 

Inspection 

14. (a) The manufacturer shall afford 
the inspector representing the purchaser 
all reasonable facilities, without charge, 
to satisfy him that the material is being 


(b) In case material is not inspected 
at the place of manufacture, the pur- 
chaser may make the tests to govern the 
acceptance or rejection of the material 
in his own laboratory or elsewhere. 
Such tests, however, shall be made at 
the expense of the purchaser. 

Rejection 

15. (a) Unless otherwise specified, any 
rejections based on tests made in 
accordance with Section 14 (h) shall be 
reported to the manufacturer within 
three weeks from the receipt of the ma- 
terial by the purchaser. 

(b) Any portion of an accepted ship- 
ment of material which is subsequently 
found not to be in accordance with these 
specifications, will be rejected, provided 
the manufacturer is notified within 90 
days from the date of receipt of the mate- 
rial by the purchaser. 

(c) Samples tested in accordance with 
Section 14 (b) that represent rejected 
material, shall be preserved for one 
month from the date of the test report. 
In case of dissatisfaction with the results 
of the tests, the manufacturer may make 
claim for a rehearing within that time. 


APPENDIX 


Usual Applications for the Various Grades of Phenolic Laminated Sheets 


Grade No. I. — Sockets, terminal boards, mis- 
cellaneous instrument parts where insulating 
properties and moisture resistance are of minor 
importance and good punching and assembling 
characteristics essential. 

Grade No. F.— General use for insulation in 
radio frequency circuits where punching and 
assembling operations are not particularly 
severe. 

Grade No. 3.— Simple punched parts where 
very low losses are essential, such as variable 


capacitor insulation and metal tube insulation 
and some range switch parts. 

Grade No. 4 . — General use in instruments 
and other applications where parts are pro- 
duced by machining and where reasonably 
good appearance and good electrical properties 
are desired. 

Grade No. 5 . — Applications similar to Grade 
No. 2 except for more severe punching, and 
assembling operations. 



Tentative Specijicattons for 

ROUND PHENOLIC LAMINATED TUBING FOR RADIO 

APPLICATIONS' 



A.S.T.M. Designation: D 616 - 41 T 

Issued, 1941.® 

These Tentative Specifications have been approved by^he sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover round 
phenolic laminated tubing for radio and 
similar applications where high fre- 
quencies are involved. Either rolled or 
molded tubes may be furnished in ac- 
cordance with these specifications pro- 
vided they conform to the prescribed 
requirements. The grade of tubes shall 
be specified in the order. In general, 
molded tubes are somewhat more dense 
and have slightly better moisture re- 
sistance than rolled tubes, but have 
mold seams which are a source of weak- 
ness both mechanically and electrically, 
particularly in thin-walled tubes. 
Where molded tubes are threaded, the 
threads may be poor at the seams. The 
following grades are covered: 

Grade No. T-1 . — A strong, tough 
paper base tube in which dielectric 
losses are of minor importance, and 
Grade No. T-Z . — A paper base tube 
with low dielectric loss and excellent 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-9 on Electrical Insulating Materials. 
* Accepted by the Society at annual meeting, June, 1941. 


threading characteristics, but not quite 

as tough as grade T-1. 

Note,— U sual applications for these grades 
are given in the Appendix. 

Material 

2. The material shall consist of layers 
of paper suitably impregnated with a 
phenolic type resinous compound and 
formed into tubular shape, these layers 
being subsequently consolidated under 
action of heat and pressure into a hard 
dense tube W’^hich shall then be ground to 
size. Rolled tubes shall be cured by 
baking in ovens after rolling and molded 
tubes shall be cured in molds under 
pressure. 

Punching Quality 

3. (a) Grade T-2 is not quite as 
suitable for punching as grade T-1 , but 
either grade may be punched in simple 
shapes and thin sizes provided good 
punching practice (Note) sharp, close- 
clearance dies, proper strippers, and 
proper heating conditions are used. 

(&) The maximum wall thickness at 
which satisfactory punching results may 
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be obtained when ...using good pun-ching 
practice is ^ in. 

: Note.— In good punciimg practice, wherever 
there, is. .more than one ro.w of holes parallel with 
the axis of the tube, the, inside punching mandrel, 
pin, ■ or horn shall not be smaEer in diameter 
..than 0.005 in. less than the minimum inside 
diameter of the size tube being punched, using 
the prescribed permissible variations in diameter 
lor the grade; the holes shall not be smaller in 
diameter than the wail thickness nor have square 
comers; the distance between holes, or between 
holes and end or edge of tube shall not be less 
than the wail thickness. Heating the material 
to a temperature of 120 to 140 C. (the heating 
period will vary and should not exceed IS min. 
for material up to in. in thickness) is generally 
necessary for best punching results. If more 
than 2 min. elapse between the time the tube 
leaves the heating medium and punching is 
completed, the results will be poor. An interval 
of not over 30 sec. is preferable. 

Axial Compressive Strength 

4. The compressive strength of the 
tubing tested axially, with load applied 
perpendicular to the faces or ends of the 
spticimen, shall not be less than the 
following: 

Axial 

Compressive 

Strength, 

Grade inin.,psi. 

No. T4 10 000 

No. T-2 12 000 

Density of Rolled Tubing 

5. Since density is a measure of the 
uniformity of rolled tubing, in no case 
shall the density be less than the 
following: 

Density, 
min,, g. 

Grade per cu. cm. 

No.T4 1.10 

No.T-2....... 1,15 

Power Factor, Dielectric Constant, and 
. Dielectric, Loss Factor 

6. The values for power factor, dielec- 
tric constant, and dielectric loss factor 
when measured at a frequency of 
1,000,000 cycles shall not exceed those 
prescribed in Table I. 


TABLE I.-MAXIMUM PERMISSIBLE VALUES FOR 
.POWER. FACTOR, DIELECTRIC CONSTANT, AND 
BIELE.CTRIC LOSS FACTOR MEASURED PER- 
PENBICULAR TO LAMINATIONS. 

Frequency * 1,000,CX)0 cycles. ' . 






Values on Material 
After 24-h.r.Im- ' 
mersioa. in Water 

Grade 

Va.l.ues on Material 
as Received 

Wall 
: TMck- 
1 nesses 

1 

and 
over . 

Wall. - 
Thick- 
nesses . 
* to. . 
■ii w., 
excL 


Power 

Factor 

Di- 

electric 

Coa- 

stant 

Di- 

electric 

Loss 

Factor 

Power . ' 
Factor i 

Power 

.Factor 

No. T-I. . . 
No. T-2. . . 

0.040 

0.040 

5.5 

S.O 

0.22 ^ 
0.20 

0.070 

o.oss 

0.12 

0.08 


Length 

7. The lengths of tubing shall be as 
specified in the order and shall be 
furnished either in standard lengths or 
cut to size, as follows : 

(а) Standard Lengths.— Msinnia^c- 

turer’s standard lengths are 18 to 24 in. 
for tubing less than | in. in inside 
diameter, and 36 to 48 in. for tubing of 
larger diameters, unless otherwise 
specified. 

(б) Cut to Size , — When small pieces 
of tubing are ordered cut to size, the 
permissible variations in length shall be 
within the requirements prescribed in 
Table II. 


TABLE II.-PERMISSIBLE VARIATIONS IN 
LENGTHS OF TUBING CUT TO SIZE, 


Nominal Length, 
in. 

Permissible Variations, plus or 
minus, in. 

'A to 2 in. 
in Outside 
Diameter 

Over 2 to 4 
in. in Out- 
side Diam. 

Over 4 in. 
in Outside 
' Diameter 

0to3.. 

0.010 

0.010 

0,030 

Over 3 to 6 

0,010 

0.01S 

0.030 . ' 

Over 6 to 12 

0.015 

0.020 

0.030 

Over 12 to 48 

0.030 

0.030 

0.050 


Standard Sizes, Inside and Outside 
Diameter 

8. {a) The nominal inside and outside 
diameter shall be specified in the order. 



578 


SPECiriCAtlONS FOR RotJND LAMINATED TDBING ,(D 616 • 41 T) 


The standard ranges of available diam- 
eters for both grades T-1 and T-2 are 
shown in Table III. ■ . . ■ 


TABLE III.-RANGES OF STANDARD INSIDE AND 
■ OUTSIDE DIAMETERS AVAILABLE. 


Nominal Wall Thickness, 

Inside 

Outside 

■in. ■ 

Diameter, in. 

Diameter, in. 

Rolled 'tubes, 14® to H. • - 

Htol2 

% to 12J4 

Molded tubes, >Ss to M-. - > ' 

HtoiH 

i to 4 


® While roUed tubes m smaii aiameters are avauauic »» 
wall thicknesses as small as 0.010 in., the properties and 
dimensions prescribed in these specifications apply only to 
tubes having wall thicknesses of in. and over. 

(b) The Standard steps in inside and 
outside diameters available are shown in 
Table IV. 


TABLE IV .-STANDARD STEPS IN INSIDE AND 
OUTSIDE DIAhlETERS. 


Nominal Diameter, in. 

Diameters 
i Available in Steps 
of, in. 

H to H.. 

14 

Over H to IH ! 

14 

Over to 3 

Kfi 

Over 3 to 6 


Over 6 to S 

H 

Over 8 to 12 

H 


Permissible Variations in Diameter 

9. The permissible variations in inside 
and outside diameter shall be within the 
requirements prescribed in Table V. 


TABLE V.-~PERMISSIBLE VARIATIONS IN INSIDE 
AND OUTSIDE DIA&IETER. 


Nominal Inside and Outside 
Diameters, in. 

Permissible Varia- 
tions, plus or minus, 
in. 

Inside 

Diameter 

Outside 

Diameter 

.............. 

0.003 

O.OOS 

H to 1% 

0.004 

0.005 

2 to 4 

0.008 

O.OOS 

4H to 1234 (rolled tubes only). .... 

0.010 

0.025 


Permissible Variations ' in^ Wall 
.TMekness. 

10. The permissible variations in wall 
thickness shall be wn'thin the require- 
ments prescribed in Table VI. The 


wall thickness shall be measured ith a 
tube or ball foot micrometer. 


TABLE' VI.-PERMISSIBLE VARIATIONS IN WALL 
THICKNESS. , ■ 


Nominal Wall 
Thickness, in. 

Permissible Variations, plus or , 
minus, in. 

Rolled 

Tubing 

j Molded Tubing . 

All 

Inside 

Diame- 

ters 

1 to } in. 
in 

Inside 

Diame- 

ter 

I Over I 
to 1 in. 
in Inside 
Diame- 
ter 

()ver 

1 in. in 

1 Inside 
Diame- 
, ter 

14 and under 

0.006 

0.008 

0.008 

0.008 

He to 34* excl — . 

0.007 

0.011 

O.OU 

0.011 

34 to excl 

0.009 

0.017 

0.015 1 

0.00 

34 to 14, incl 

0.011 

0.025 

0.018 

0.013 


Color and Finish 

■ 11. The color and finish shall be as 
specified in the order. The standard 
colors and finishes are listed in 
Table VIL 


TABLE VIL-STANDARD COLORS AND FINISHES 


Grade 

Color" 

Finisl/^ 

No. T-1 

Natural or Black 
Natural or Black 

Ground or Buffed 
Ground or Buffed 

No. T-2 1 



® Natural is the color produced by the natural undyed 
paper and the resin used, and may var}^ from a light tan to 
a light brown or reddish brown. 

JSlack is the color produced by natural undyed paper and 
a black dyed resin and will be ^ gray i.sh black in color, 
particularly on sawed or machined surfaces, or where 
layers may be partially cut through in grinding tube to 
diameter. 

" Ground finish is that finish applied by a fine grinding 
wheel or belt, is free from any pronounced scratches, and is 
suitable for majority of applications. 

BuJ’ed finish is somewhat more glossy than the ground 
finish, and is obtained by buffing the tube following grind- 
ing using a touch of shellac or other polishing compound 
on the buffer, 

Varnisked finish is a third finish that i.s sometimes ap- 
plied to tubes for special decorative or chemical resistant 
applications. Tt is obtained by coating the tube one or 
more tiroes with a varnish or lacquer and air-drying or 
baking. Because the varnished finish requires operations 
which may change greatly the physical and electrical 
properties, such finished tubes are not covered by these 
specifications. 

Methods of Testing 
12. The properties enumerated in 
these specifications shall be determined 
in accordance with the following methods 
of test of the American Society for 
Testing Materials: 

(a) Axial Compressive Strength and 
Density . — Standard Methods of Testing 
Laminated Tubes Used in Electrical 
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Insulation . (A.S.T.M. .'Designation: 
D:348).^ ; , 

' (b) Fower Factor^ Dielectric Constant^ 
and Dielectric .Loss' Factor,-— The appa- 
ratus and .general metliod of test shall 
conform to the Tentative Methods of 
.Test for Power Factor and Dielectric 
.Constant of Electrical Insulating Mate- 
rials (A.S.T.M. Designation: D 150).® 
The sizes of specimens and electrodes 
shall be as listed in Table VIII. The 
test on material as received shall be 


TABLE VIII.-SIZES OF SPECIMENS AND 
ELECTRODES FOR TUBING. 


Nominal Wall Thick- 
ness, in. 

Inside 
Diameter 
of Speci- 
men, min., 
in. 

Length® 
of Speci- 
men, in. 

Length* 
of Elec- 
trodes, 
in. 

% and under.. ^ 


5 

4 

Over 14 to 

1 

5 

4 

Over K fo M iiicl 

2 

6 

4 


® If tubes of smaller diameter or greater wall thickness 
than those listed in Table IV are to be tested, electrodes of 
sufficient area to have a capacity of approximately 100 
ft#jtf. shall be used and the tubes shall extend at each end 
beyond the electrodes for a length of H in. up to five times 
wall thickness. 

• The electrodes shall be of equal length and shall be in 
line with each other. 

made on specimens under ordinary 
laboratory conditions provided the tem- 
perature is between 20 and 30 C. The 
immersion for 24 hr. in water shall be 
made in a fresh supply of clean tap 
water held at 25 ± 2 C. For material 
i in. and under in wall thickness dupli- 
cate specimens from the same length of 
tubing shall be used, one for the as- 
received test and the other for the water- 
immersion test. For thicker materials, 
the as-received specimen may be used 
for water immersion, provided the lead 
for the electrode is removed, the grease 
washed off with toluol or gasoline and the 
specimen wiped carefully and allowed to 
air dry for 1 hr. before placing it in the 
water. In all cases, specimens shall be 
removed from the water at the end of 
24 hr. and the excess water wiped off 

8 Appears ia this publication^ see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


with a soft cloth; then the electrodes shall 
be . applied ' and measurements made 

immediately. 

Workmanship 

13. The material shall be uniform in 
quality, consistent with the properties 
prescribed in these specifications. 
Tubes shall be free from metal particles, 
blisters, wrinkles, cracks, pronounced 
rings, flat spots, loose inside laps, or 
pronounced pits or scratches on the 
inside. 

Packing 

14. Unless otherwise specified, the 
tubing shall be packed in substantial 
boxes in accordance with the usual prac- 
tice of the individual manufacturer. 

Marking 

15. The containers shall be marked 
with the manufacturer's name, grade, 
A.S.T.M. Designation D 616, size and 
quantity of tubing therein, together with 
other marking required by the purchaser. 

Inspection 

16. {a) The manufacturer shall afford 
the inspector representing the purchaser, 
all reasonable facilities, without charge, 
to satisfy him that the material is being 
furnished in accordance with these 
specifications. Tests and inspection at 
the place of manufacture may be made 
prior to shipment, and such inspection 
shall be final. All tests and inspection 
shall be so conducted as not to interfere 
unnecessarily with the operation of the 
works. 

(5) In case material is not inspected 
at the place of manufacture, the pur- 
chaser may make the tests to govern the 
acceptance or rejection of the material 
in his own laboratory or elsewhere. 
Such tests, however, shall be made at 
the expense of the purchaser. 
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Rejection ,, 

17. (a) Unless otherwise specified, any 
rejections based on tests made in accord- 
ance with Section 16 (6) shall be re- 
ported to the manufacturer within three 
weeks from the receipt of the material by 
the purchaser. 

(i) Any portion of an accepted ship- 
ment of material which is subsequently 
found not to be in accordance with these 


specifications, will be rejected, provided 
the manufacturer is notified within 90 
days from the date of receipt of- the 
material by the purchaser. 

(c) Samples tested in accordance with 
Section 16 [b) that represent rejected 
material, shall be preserved for one 
month from the date of the test report. 
In case of dissatisfaction with the results 
of the tests, the manufacturer may make 
claim for a rehearing within that time. 


APPENDIX 


Usual Applications for the Various Grades of Phenolic Laminated Tubing 


Grade T-I.-Coa forms in receiving sets and 
other applications where good punclmg char- 
acteristics are essential and where the insulating 
properties under moist conditions need not be 
quite as good as those of grade T'2. 


Grade r-2.— General use in transmitting coil 
forms and in certain radio frequency apparatus 
where low losses are essential even under humid 
conditions. 



Tentative Methods of 

MEASURING DIMENSIONS OF RIGID RODS USED 
IN ELECTRICAL INSULATION' 



A.S.T.M, Designation: D 741 - 43 T 
Issued, 1943,2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods cover procedures for 
measuring the dimensions of all rigid 
rods used in electrical insulation, the 
limitations imposed being those of the 
size range of the more common forms of 
measuring instruments used in making 
the test. 

Conditio ning 

2. In cases of disagreement between 
the seller and the purchaser because of 
dimensional changes resulting from 
changes in temperature and humidity, 
all specimens shall be conditioned for 
48 hr. at 25 rfc 1 C. and 50 ± 2 per cent 
relative humidity, and measured under 
these conditions. Measurements by both 
interested parties shall be made within 
a three- week period 

Method of Measurement 

, 3. All measurements shall be made in 
accordance with the procedures described 
.in the Standard' Methods of. Test for- 
Thickness of ' Solid Electrical Insulation ' 


i Under the standardization procedure of tlae Society, 
these methods are under the jinsdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Accepted by Committee E-10 on Standards, August 
30,1943. 


(A.S.T.M. Designation: D 374)®, as ap- 
plicable. The micrometer or vernier 
calipers shall be closed slowly on the 
specimen until contact is made without 
appreciable distortion of the specimen. 
The criterion of contact is the initial 
development of frictional resistance to 
movement of the specimen between the 
micrometer or caliper surfaces. 

Length of Rods 12 in. and Under in 

Length 

4. {a) Apparatus, — K standard ma- 
chinist’s micrometer or vernier calipers 
of suitable size reading to 1 mil (0.00! 
in.) shall be used. 

(i) Test Specimens , — Specimens shall 
consist of rods cut to lengths of 12 in. 
and under. 

ic) Procedure , — The length of the 
specimen shall be measured to the nearest 
0.001 in. Size permitting, four meas- 
urements shall be made at poi.nts 90 deg. 
apart around the circumference' of the 
specimen. 

{d) Report , — ^The average of the meas- 
urements Taken shall be reported as the 
length of the rod, 

» Appears m this pubEcatioa, see Contents k Numeric 
Sequence of hSTM. Designations at front of book. 
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Length of Mods over 12 in* in Length 

5. (a) Apparatus:-— A machinist’s pre- 
cision steel tape or steel scale of suitable 
iengtli graduated in in, shall be used. 

(b) Test Specimens. — Specimens shall 
consist of rods over 12 in, in length, 
including full lengths. 

(c) Procedure. — ^The length of the spe- 
cimen shall be measured to the nearest 
^ in. Size permitting, four measure- 
ments shall be made at points 90 deg. 
apart around the circumference of the 
specimen. 

{d) Report. — ^The average of the meas- 
urements taken shall be reported as the 
length of the rod. 

Diameter 

6. (a) Apparatus. — A standard ma- 
chinist’s micrometer or vernier calipers 
reading to 1 mil (0.001 in.) shall be used. 

(5) Test Specimens. — Specimens shall 
consist of rods of any diameter. 

(c) Procedure. — ^The diameter of the 
specimen shall be measured to the 
nearest 0.001 in. Size permitting, four 
measurements shall be made at points 
45 deg. apart around the circumference 
at each end and at the middle of the 
specimen. 

{d) Report.— Tht average of the 
twelve measurements taken shall be 
reported as the diameter of the rod. 

Warp 

7. {a) Apparatus.— A horizontal flat 
surface and a rigid bar with a vertically 
plane surface firmly fixed at right angles 
to the flat surface both being at least 
as long as the specimen shall be used. 
The height of the bar shall exceed half 
the diameter of the rod. Feeler gages 


of suitable thicknesses will also be re- 
quired. 

{h) Test ' Specimens.— S'pecim.tm shall 
consist of rods of any length or diameter. 

(c) Procedure. — ^The specimen shall 
be placed on the horizontal flat surface 
and rotated against the vertically plane 
surface of the rigid bar. The bar shall 
be firmly fastened to the horizontal flat 
surface. With the aid of feeler gages, 
the maximum distance of the nearest 
point of the rod from the vertically 
plane surface shall be measured to the 
nearest 0.001 in. 

(d) Report and Calculations.— or 
lack of straightness shall be reported as 
the maximum distance of any part of the 
rod from a straight edge which connects 
the ends of the specimen. The warp 
shall be calculated as follows: 

D X 100 

where : 

W == percentage of warp, 

D = ntaximum deviation of rod from 
straight edge in inches, and 
L = length of rod in inches as deter- 
mined in Sections 4 or 5. 

In order to compare the relative 
warpage for any length of rod, the warp 
shall be calculated as the percentage 
warp for a 36-in. length as follows: 

^ _W X 36 

^ T~ 

where: 

C = percentage of warp calculated for 
36-m. length, 

IF = percentage of warp, and 
L = length of rod in inches as deter- 
mined in Sections 4 or 5, 



Tentative Methods of 


TESTING NONRIGID POLYVINYL TUBING' 



A.S.T*M. Designation: D 876 - 46 T 
Issued, 1946.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods cover procedures for 
the testing of nonrigid polyvinyl chloride 
tubing, or its copolymers with vinyl 
acetate, used as electrical insulation. 
For the purpose of these methods non- 
rigid tubing shall be tubing having an 
initial elongation in excess of 100 per 
cent at break. 

Sampling 

2. (a) A sufficient number of pieces of 
tubing shall be selected in such a manner 
as to be representative of the shipment. 

(&) The number of specimens required 
for the purpose of tests shall be cut from 
the pieces selected in accordance with 
Paragraph (a), and care shall be taken 
to select material which is free from 
obvious defects. 

Test Conditions 

3. Unless otherwise specified in these 
methods, tests shall be conducted at 

1 Under the standardization proyedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Gommittee I>-9 on Electrical Insulating Materials. 

2 Accepted by the Society at annual meeting, June, 
1946. 


atmospheric pressure and at a tempera- 
ture of 25 dh 1 C. (77 zh 1.8 F.). Room 
temperature as stated in these methods 
shall be within this temperature range. 

Dimensional Tests 
Apparatus 

4, The appai*atus shall consist of the 
following: 

(a) Taper ed-Sieel Gages . — The gages 
shall be chromium-plated and suitable 
for covering the range of tubing sizes 
shown in Table I. The gages shall 
have a uniform taper of 0.010 in. in 
diameter per 1 in. of length, and shall 
be graduated with circular lathe-cut 
rings every 0.5 in. of length. The 
graduations shall then represent a uni- 
form increase in diameter of 0.005 in, 
in diameter per 0,5 ill. of length. 

{h) Micromekrs—’Tlie micrometers 
shall be of the machinists type and 
suitable for covering the range of tubing 
sizes shown in Table I. 

■ if) Steel Scale— h steel scale gradu- 
ated in 0.01 in. 

Test Specimens 

• 5. A 1-in. specimen free of kinks shall 


5S3 
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be cut. from, the .sample. The cutting 
shall be., .done ^perpendicular to .the 
longitudinal ,ax,is of the.tubing specimen,- 
and .shall .result, in a specimen 1 in. in 
length, having cleanly cut square edges. ■ 

Procedure 'for Measuring Inside Di- 
:. .',aiiieter ,. , 

6. (a) A gage which will fit part way 
into the specimen shall be selected. The 


TABLE I.-SIZES OF NON,RIGID POLYVINYL 
CHLORIDE TUBING, OR ITS COPOLY^MERS 
WITH VINYL ACETATE. 


Size 

Inside Diameter, 

in 


Maximum 

Minimum 

Nominal 

2 in 

2.C70 

2.000 


mm 

1.812 

1.750 




1.5S0 

1.500 


iMin. 

1,290 

1.250 


1 in.. 

1.036 

l.COO 


Vsm. 

0,911 

0.87S 


M in ■ • > • ■ 

0.786 

0.750 


Min 

0.655 

0.625 


Min 

0.S24 

0.500 


Mm- ■ ' ■ — 

0.462 

0.438 


Min. 

0.399 

0.375 


Min-- 

0.334 

0.3125 


No.O 

0.347 

0.325 

0.330 

No.l : 

0.311 

0.289 

0.294 

'No. 2 

0.278 

0.258 

0,263 

No, 3 

0.249 

0.229 

0.234 

No. 4 

0.224 

0.204 

0.208 

No. 5 

0.198 

0.182 ^ 

0.186 

Nc.6 

0.178 

0.162 

0.166 

No, 7 

0.158 

0.144 

0.148 

No. 8 

0.141 

0.129 

0.133 

No, 9 

0.124 

0.114 

0.118 

No. 10 

0.112 

0.1C2 

0.1C6 

No. 11 

O.lCl 

0.091 

0.095 

No. 12 

0.089 

0.081 

0.C8S 

No. 14 

0.072 

0,064 

0.066 

No. 16 

0.061 

0.051 

0.053 

No. 18 

0.049 

0.040 

0.042 

No, 20............ 

0.039 

0.032 

0,034 


specimen shall be slipped, without forcing 
(Note), over the gage until there is no 
visible air space between the end of the 
specimen and the gage anywhere on the 
circumference. This point on the gage 
shall be considered the inside diameter 
of the specimen. 

Note. — W hen the tubing specimen tends to 
stick, the gage may be dipped in water to facili- 
tate slipping the specimen over the gage. How- 
ever, when water is used as a lubricant on the 
gage, great caution should be exercised to make 
certain that the specimen is not forced on the 
gage, thereby stretching the specimen. 



(b) The diameter at the point of con,-, 
tact between the. specimen and gage shall 
be determined by referring to the nearest 
visible , graduation. , .Any distance be- 
tween the edge of the ,specimen and the 
nearest graduation shall . be aneasured 
with the steel scale. Each 0.1, in. on the 
length of the gage represents an increase 
of 0.001 in. in diameter. .,Siiice . the 
diameter at the nearest graduation is 
known, the inside diameter of the speci- 
men shall be obtained by interpolation 
and reported to the nearest 0.001 in. 

Procedure for Measuring Outside Di- 
ameter 

7. The specimen shall be measured for 
outside diameter when located on the 
tapered gage as described in Section 6. 
Three measurements approximately 120 
deg. apart shall be made adjacent to the 
edge of each specimen. The measure- 
ments shall be made in accordance with 
the Standard Methods of Test for Thick- 
ness of Solid Electrical Insulation (A.S. 
T.M. Designation: D 374),^ using Meth- 
od B, and the following additional details 
shall be observed: 

(1) The micrometer shall be supported 
to allow both hands to be free for manip- 
ulation. 

(2) The outside diameter shall be 
measured adjacent to, but not on or over 
the cut edge. 

(3) One side of the specimen shall be 
held lightly against the fixed anvil of 
the micrometer and shall be slowly os- 
cillated back and forth. The rotating 
anvil shall then be moved up very slowly 
until the first definite increase in resist- 
ance to the movement of the specimen is 
felt 

Report 

, B. The report shall, include the. fol- 
lowing: 

(1) The inside^diameter of. the .speci- 
men to th e nearest 0.001 in., 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(2) All readings on ou.tside diameter, 
of the specimen to the nearest 0.001 in. 

(5) The ave,rage outside diameter, and 
. (4). The average wall thickness. 

Flammability Test. 

Note.”— This test is not a measure of tlie 
ilanim,ability of the compound but .is a measure 
of the' fl.ammability of a given tubing wth an 
indicated inside diameter and wall thickness. 

Apparatus 

9. The apparatus shall consist of the 
.foiiowdiig: 

(a) Sheet Metal Frame, — A three- 
walied sheet metal frame 12 in. in width 
14iii. ill depth and 29 in. in height. The 
wails facing each other shall support two 
parallel horizontal steel rods, which shall 
be separated 16 to 21 in. as required, and 
with the lower rod closer to the remain- 
ing (back) wall, located so that they 
define a plane which shall be at an angle 
of 70 deg. with the horizontal, 

(5) Bare Steel Wire, — A length of bare 
steel wire, approximately 0.029 in. in 
diameter for all sizes of specimens, shall 
be attached at one end to the center of 
the upper rod. The other end of the 
wire shall pass over the center of the 
lower rod and shall have a 1-lb. weight 
attached to maintain the upper rod in 
such a position that the wire is in a 
straight line across the two rods. 

(c) Tirrill Burner, — A Tirrill burner 
having a nominal bore of | in. and a 
length of approximately 4 in. above the 
primary inlets, with an attached pilot 
light. 

(d) Gas Supply,— K supply of ordinary 
illuminating gas at normal pressure. 

(e) Time Piece, — A time piece meas- 
uring seconds. 

(/) Flame Indicators: — Strips of gum- 
med paper. 

.Test.Spediaeii.s.. 

10. For tubing sizes | in. and under in 


inside diameter, five test specimens 17 in. 
in length shall be cut from tlie sample. 
For -tubing sizes 1 in. and over in inside 
diameter, five test specimens 22 in. in 
length shall be cut from the sample. 

Procedure 

11. {a) The test shall be made :!n a. 
room or cabinet free from drafts of air. 
The specimen shall be drawn onto the 
.wire. The covered wire shall be fastened 
into position, with its length adjusted 
so that the weight hangs free, maintain- 
ing tension and supporting the specimen 
in a straight line at an angle of 70 deg. 
with the horizontal. One end of the 
specimen shall be near the lower rod, and 
the other end shall be drawn to the 
upper rod and clamped so that the speci- 
men is closed, in order to prevent a draft 
through the tube. The paper indicator 
shall be applied to the upper end of the 
specimen, in a position such that, for 
tubing I in. and under in inside diameter, 
the lower edge is 10 in. away from the 
point at which the inner cone of a test 
flame shall be applied. For tubing 1 in. 
and over in inside diameter the lower 
edge of the paper indicator shall be 15 in. 
away from the point at which the inner 
cone of the test flame is to be applied. 
The indicator shall be wrapped and 
pasted around the specimen. 

(J) The height of the flame with the 
burner in a vertical position shall be ad- 
justed to 5 in., with an inner cone 1| in. 
in height. The burner, with only the 
pilot lighted, on a base at an angle of 
25 deg. from the horizontal, shall be 
placed in position under the specimen 
and adjusted so that there is a distance of 
1| in. between the tip of the stem and 
the surface of the specimen (along the 
axis of the burner stem). The valve 
CGntrolling the gas supply to the burner 
shall be opened, and the flame applied to 
the specimen for a period of 15 sec. 
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When the tubing is flat, the wire 
shall support the specimen by one of the 
two small curvatures found in flat tubing. 
The flats of the specimen shall be directed 
vertically downward. The distance of 
1| ill. from burner to specimen shall be 
between the tip of the stem and the 
surface of the narrow side of the flat 
specimen. The valve controlling the 
gas supply to the burner shall be opened, 
and the flame applied to the narrow side 
of the specimen for a period of 15 sec. 

(d) The duration of burning of the 
specimen shall be immediately deter- 
mined after removal of the flame. 

(e) The length of specimen burned 
shall be determined by subtracting the 
length of the unburiied portion (Note) 
from 10 in. for tubing sizes f in. and 
under in inside diameter, and from 15 in. 
for sizes 1 in. and over in inside diameter. 

Note. — Length of the unburned portion shall 
be obtained by measuring in inches the distance 
from the lower edge of the indicator paper to the 
first obvious defect caused by the flame. 

Report 

12. The report shall include the fol- 
lowing: 

(i) Inside diameter and average wall 
thickness of the sample from which spe- 
cimens were taken, 

{2} Maximum and minimum durations 
of burning of the five specimens, and the 
average duration of burning of the re- 
maining three, and 

(J) Maximum and minimum lengths 
of the five specimens burned, and the 
average length of specimen burned for 
the remaining three. 

Tension Test 

Procedure 

13. Tensile strength and ultimate 
elongation shall be determined in ac- 
cordance with the Standard Methods of 
Tension Testing of Vulcanized Rubber 


■(A.S.T.M,. ,. Designation: . D„412)^ . with 
the following exceptions: 

(1) For sizes Nos. 20 to 0, iiielusive,. 
six test specimens shall be prepared by 
cutting lengths from the sample and sub- 
jecting them to the tension test in. 
tubing form. 

(2) For sizes in. to. 2 in., inclusive, in 
inside diameter six test specimens taken 
from the sample shall be prepared in the 
form as represented by die B. This 
shall be accomplished by cutting one wall 
along a longitudinal axis, flattening the 
piece and applying die B parallel to this 
axis. 

(v?) The inside and outside diameters 
shall be measured in accordance with 
Sections 4 to 8. 

(4) In determining the tensile strength 
the average area of the specimens se- 
lected shall be used. 

(5) Two parallel gage lines for use in 
determining elongation, shall be marked 
on the tubing, perpendicular to the 
longitudinal axis, one on each side of the 
center and 1 in. therefrom. 

(6) The distance between grips of the 
testing machine shall be 4 in. 

(7) The rate of travel of the power ac- 
tuated grip shall be 12 in. per min., and 
shall be uniform at all times. 

(S) Results on specimens which break 
outside of the gage marks shall be dis- 
carded and retests shall be made. 

Report 

14, The report shall include the fol- 
lowing: 

(1) Size of tubing from which the spe- 
cimens were taken, 

(2) All observed and recorded data on 
which the calculations are based, 

(3) Average tensile strength deter- 
mined on the best five out of six speci- 
mens, and 

(4) Average ultimate elongation de- 
termined on the best five out of six spe- 
cimens. 



587 


Tests' fob. Nohbigid Polyvinyl Tubing (D 876 *“46 T)' 


■ 'Kssistance TO .Heat Aging Test , . 

Note. — Both of the following Methods A and 
B should be conducted to obtain full data on 
•resistance, to heat aging.. Method A should be 
correlated with the .lengthwise shrinkage test 
(Sections '29 to 33, inclusive), since percentage 
change in ultim,ate .elongation indicates the re- 
sistance of a specimen to aging, provided it has 
a minimum of internal strains originally. Speci- 
mens with initially high internal strains will, in 
general, show^ less change in ultimate elongation 
than those with a minimum of strains. 

Method 4, Using Tension Test 
Apparatus 

15. The apparatus shall consist of the 
following: 

(a) Oven , — The oven shall conform to 
the requirements prescribed in Section 4 
of the Standard Method of Test for Ac- 
celerated Aging of Vulcanized Rubber by 
the Oven Method (A.S.T.M. Designa- 
tion: D 573).® 

{&) Tension Testing Machine,— ThQ 
tension testing machine shall be the same 
as prescribed in the Standard Methods of 
Tension Testing of Vulcanized Rubber 
(A.S.T.M. Designation: D 412).® 

Test Specimens 

16. Six specimens shall be cut from 
the sample (Section 25) and shall be 
prepared in a similar manner to that 
described in Section 13, items (i) and 
(2), according to the various sizes of 
tubing. 

Procedure 

17. (a) Three test specimens shall be 
suspended vertically in the oven, with- 
out touching each other or the sides of 
the oven. Tubing specimens shall be 
kept open throughout their entire 
lengths. The specimens shall be main- 
tained at 100 dr 2 C. for a period of 
72 hr., unless otherwise specified. At 
the end of the specified time, the speci- 
mens shall be removed, and kept at room 
temperature for a period of 16 hr, but 


not longer, than 20 hr. After the rest 
.period, gage lines 2 in. apart, shall be 
placed '..on. each specimeiij.each .specimen 
placed in the tension testing iiiachine and 
stretched to ultimate elongation as 
described in Section 13. 

{h) Gage lines 2 in. apart shall be.' 
placed on each of the remaining three 
untreated specimens, each specimen 
placed in the tension testing machine and 
stretched to ultimate elongation (Note). 

Note. — ^The results for. elongation obtained 
in Section 13 may be used for the unaged values. 

(c) The ultimate elongations of the 
aged specimens shall be compared to the 
ultimate elongations of the unaged speci- 
mens. If the ultimate elongations fail 
to check within 10 per cent of the highest 
value obtained in the unaged specimens, 
three additional specimens shall be 
tested. The final value of ultimate 
elongation for aged specimens shall -be 
the average of all tests run. 

Report 

18. The report shall include the fol- 
lowing: 

(i) The sample size from which speci- 
mens were taken, 

{2) Average ultimate elongation of 
specimens before aging, 

{3) Average ultimate elongation of 
specimens after aging, and 

{4) Average percentage change in ul- 
timate elongation. 

Method By UsingW eight Loss on Heating, 

Apparatus 

19. The apparatus shall consist of the 
following: 

(a) Chemical Balance. 

(b) Oven . — The oven shall conform to 
the requirements prescribed in fection 4 
of the Standard Method of Test for 
Accelerated Aging of Vulcanized Rubber 
by the Oven Method (A.S.T.M. Designa- 
tion: D 573).® 

(c) Dessicator, 
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Test Spedmeiis 

20. Test specimens in full section 6 in. 
in ieiigthL shall be cut from the tubing. 

Procedure ' 

21. The specimens shall be placed in a 
desiccator and conditioned at room tem- 
perature over calcium chloride for 24 hr. 
At the end of this period the specimens 
shall be immediately weighed, and then 
suspended vertically in the oven 
described in Section 19 (b), without 
touching each other or the sides of the 
oven. The tubing specimens shall be 
kept open throughout their entire 
lengths. The specimens shall be kept at 
100 ± 2 C. for a period of 72 hr., unless 
otherwise specified. At the end of the 
specified time, the specimens shall be* 
removed, and kept at room temperature 
over calcium chloride for 1 hr. Upon 
removal from the desiccator the speci- 
mens shall be immediately weighed. 

Report 

22. The report shall include the fol- 
lowing: 

(1) The sample size from which speci- 
mens were taken, and 

(2) The loss of weight calculated as a 
percentage of the original weight. 

Oil Resistance Test 

Note.*— The oil resistance test should be cor- 
related with the lengthwise shrinkage test (Sec- 
tions 29 to 33, inclusive) since percentage change 
in ultimate elongation indicates the oil resistance 
of a specimen, provided it has a minimum of 
internal strains originally. Specimens with 
initially high internal strains will, in general, 
show less change in ultimate elongation than 
those with a minimum of strain. 

Significance of Test 

23. The tubing covered in these meth- 
ods is often used in places where it comes 
in contact with lubricating oils. While 
the tubing is in service, the oils may be 
accidentally spilled on the surface, or 


deposited by oil splashed resulting from 
lubricated, moving :parts. :, As a conse- 
quence it is important . to , ascertain: the 
effect of lubricating oil in contact with 
flexible vinyl tubing, consisting of vinyl 
chloride, or its copolymers with vinyl 
acetate. 

Apparatus 

24. The apparatus shall be the same 
as that described in Section 15. 

Test Specimens 

25. Three additional specimens shall 
be selected from the sample used in 
Section 16. 

Procedure 

26. (a) The test specimens shall be 
totally immersed in A.S.T.M. No. 3 high- 
swelling oil (Note) as described in the 
Tentative Methods of Test for Changes 
in Properties- of Rubber and Rubber- 
Like Materials in Liquids (A.S.T.M. 
Designation: D471)® at a temperature 
of 70 ± 2 C. for a period of 4 hr., unless 
otherwise specified. At the end of this 
time, the specimens shall be removed 
from the oil, blotted to remove excess oil, 
allowed to cool at room temperature for 
30 min., bathed in mineral spirits at 
room temperature to remove the remain- 
ing film of oil from the surface, and wiped 
dry. Gage marks 2 in. apart shall be 
placed on each specimen and the ulti- 
mate elongation of each determined. 

Note. — N o. 3 high-swelling oil is identified 
by the following properties: 

Saybolt Universal viscosity, 155 db 5 sec. at 

100 F. • 

Aniline point, 69.5 db 1 C. 

Flash point, 330 ± 5 F. 

(b) The ultimate elongations of the 
oil-immersed specimens shall be com- 
pared with the ultimate elongations of 
the specimens tested in Section 13, If 
the ultimate elongations fail to check 
within 10 per cent of the highest value 
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obtained, for the specimens of Section, 13, 
three additional specimens sliall be im' 
Eiersed , ill ; oil ' and tested. The final 
value of ultimate elongation for speci- 
mens immersed ill oil shall be the average 
of .all tests run,. 

Report 

27. The report shall include the fol- 
. lowing: , . 

(1) Sample size from which the speci- 
mens were taken, 

(2) Average ultimate elongation of the 
specimens before aging, 

(3) Average ultimate elongation of the 
specimens after aging, and 

(4) Average percentage change in ul- 
timate elongation. 

Brittleness Test 

Procedure 

28. The brittleness shall be determined 
in accordance with the Tentative Method 
of Test for Brittle Temperature of Plas- 
tics and Elastomers (A.S.T.M. Designa- 
tion: D 746),® except as specified in 
Paragraphs (a) and (b) : 

(a) For tubing sizes Nos. 20 to 0, in- 
clusive, test specimens in full section 1| 
in. in length shall be cut from the sample. 

(b) For tubing in. to 2 in., inclusive, 
in inside diameter test sp>eGimens I in. 
in width and 1| in. in length shall be cut 
from the sample. This shall be accom- 
plished by cutting a |-in. strip along a 
longitudinal axis of the sample. 

Lengthwis,e Shrinkage Test 
Apparatus 

29. The apparatus shall consist of the 
following: 

(a) Oven —The OYQn shall conform to 
the requirements prescribed in Section 4 
of A.S.T.M. Method D 573. 

(&) Scale— A scale graduated in 
0.02 in. 


Test Specimens ■ 

30. Three specimens , approximately 
10 in. 'in length, shall. be cut from the 
sample. The length of each specimen 
shall be measured within plus or minus 
0.2 per cent. 

Procedure 

31. The specimens sha.li be placed, 
horizontally on rough paper toweling in 
an orderly fashion and in such a way that 
each makes contact only with the surface 
of the paper. The specimens on rough 
paper toweling shall be placed in the 
oven,- in which the tem,perature shall be 
maintained, at 100 ± 2 C. for 2 hr. Af- 
ter the required time interval, the speci- 
mens shall be removed from the oven and 
kept at room temperature for 30 min. 
Each specimen shall be measured again, 
and the length recorded. 

Calculation 

32. The percentage shrinkage shall be 
calculated as follow^s: 

Shrinkage, per cent = — X 100 

Li 

where: 

Li = original length, and 
Lt = final length. 

Report 

33. The report shall include the fol- 
lowing: 

(a) Sample size from which the speci- 
mens were taken, and 

(5) Average percentage shrinkage. 

Resistance to Penetration at Ele- 
vated Temperature . , 

Apparatus 

■ 34. The apparatus shall consist of the 
following: 

(a) Femiraiion Tester. — A penetration 
tester as shown in Fig.' 1 is recommended. 
The component parts of the penetration 

tester are; 
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A simnless' sled plate 4 fey IJ by | in., the ' penetration tester and, raising the 
A An. , magmiized/ steel rad, recessed temperature of the . steel plate at a rate 

at one end to hold ball bearing of 1 C, per 2 min. 

against the test specimen or stainless (c) Temperature Measuring Device.— 
Steel plate, A device for measuring the temperature 



Fig. 1.— Penetration Tester for Determining Resistance to Penetration at Elevated Temperatures 

A weight system capable of exerting a of the steel plate immediately below the 
force of 1000 g. on the magnetized steel point of contact of the ball bearing. A 

rod, including a counterbalance with a thermocouple is suggested for this appli- 

rider capable of being adjusted to neu- cation, 
tralize the pressure of the ball bearing ^ ^ . 

against the steel plate at no load, Test Specimens 

A containing the steel 35. Five 1-in. specimens shall be cut 

rod, counterbalance, and weight, mount- from the sample and prepared for test by 

ed on a bearing capable of giving the cutting the tubing open on one side along 
unit the necessaiy freedom of rotation, a longitudinal axis, 
and 

An electrical circuit with a 110-v. a-c. P^^ocedure 
supply and containing a 110-v. glow lamp. 36. With no load on the rod, each spe- 
ip) Oven . — An oven capable of holding cimen shall be inserted between the steel 


j 

I 






I 




591 


Tests por Nonrigii), Tolwinyl TubinG; (D 876 -'46 T)' 


ball and the steel plate, with the outside 
surface of the tubing facing the plate. 
The electric circuit shall be connected in 
such a way that when the steel ball comes 
in contact with the plate (when the speci- 
men fails), the lamp outside the oven 
shall light. The compression load of 
1000 g. shall then be applied to the speci- 
men in the oven at room temperature 
(Note). The temperature of the steel 
plate shall be uniformly raised at the rate 
of 1 C. per 2 min. until failure of speci- 
men is indicated by current flowing 
through the circuit and lighting the glow 
lamp outside the oven. 

Note.' — ^To facilitate testing, the initial 
starting temperature may be taken at 40 C. 
instead of room temperature. For convenience, 
five penetration testers may be constructed to 
test simultaneously the required number of 
specimens. 

Report 

37. The report shall include the fol- 
lowing: 

(1) Average wall thickness of the 
specimens, 

(2) Maximum and minimum tempera- 
tures at which the specimens failed, and 

(J) Average temperature of failure of 
the five specimens. 

Insulation Resistance Test 

38. The insulation resistance shall be 
determined (Note) in accordance with 
the Standard Methods of Testing Rubber 
Insulated Wire and Cable (A.S.T.M, 
Designation: D 470),® except as specified 
in Sections 39 to 43, 

Note. — Insulation resistance is not usually 
determined for tubing skes above No. 0, but if 
necessary, larger skes of tubing can be tested in 
accordance with the above method, provided 
the tubing is not kinked in the process of forming 
thelJ-shape. 

Apparatus 

39. Besides the apparatus prescribed 
for the insulation resistance tests in Sec- 
tions 20. to 23 of A.S.T.M. Methods 
D 470, additional apparatus shall con- 


sist of a container for water, large enough 
to accommodate a specimen of tubing 
bent into a U-shape, and a support for 
the two branches of the U-shaped tubing 
specimen. 

Test Specimens 

40. A test specimen of sufficient length 
to obtain a satisfactory reading on the 
galvanometer shall be cut from the sam- 
ple. The minimum specimen length 
shall be 2 ft. 

Procedure 

41. The specimen shall be shaped in a 
U~form and immersed in water at 25 ± 2 
C,, containing 1 per cent sodium chloride. 
Not less than 1 ft. of the specimen shall 
be submerged. To avoid surface leakage 
the ends of the specimen shall protrude 
6 in. above, and approximately perpen- 
dicular to, the surface of the water. The 
specimen shall be filled immediately with', 
the same salt water, and, as a precaution!, 
against air bubbles and discontinuity of 
the water phase, a fine wire shall be in- 
serted throughout the length of the 
specimen. The salt water in the tubing 
shall serve as an inner electrode, and its 
surface shall be above the surface of the 
salt water in the container. The salt 
water in the container shall serve as an 
outer electrode. The inner and outer 
electrodes shall be connected to the cir- 
cuit. The specimen shall remain in the 
water for 24 hr. At the end of this time 
the insulation resistance shall be 
determined. 

Calculation 

42. {a) In making insulation re- 
sistance calculations the length of tubing 
specimen submerged shall be used. 

(J) When it is found necessary, the 
volume resistivity shall be calculated, as 
follows: 

J? = 0,3663 X 7 X logioj 
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where: 

R ' actual megohm reading, , ; , 

=' volume resistivity ill megohm .cen- 
. . timeters, , .. . 

Jength of , specimen in centimeters,. 
D = outside, diameter, and . 

inside diameter. ■ ■ 

Report 

43. The report shall include the fol- 
lowing: 

(1) Sample size from which the speci- 
men was taken, and 

(2) Insulation resistance of the tubing 
specimens in megohms per foot at 25 C. 
after 24 hr. immersion in salt water, 

Dtebectric 'Strength Test ' 

44. The dielectric strength , shall be 
determined in accordance with the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Ma- 
terials at Gommercial Power Frequencies 
(A.S.T.M. Designation : D 149)/ except 
as modified ■ in. Sections: 45 to 48. 

Apparatus" 

45. (a) For Tubing Sizes No* 20 to 
I w.j Inclusive^ in Inside Diameter . — 
Straight metal rods shall be used as inner 
electrodes. The nearest A.W.G. size 
of rod shall be selected that will fit 
tightly without stretching the tubing as 
it is being slipped onto the wire. Strips 
of metal foil shall be used as the outer 
electrodes. The strips shall be 1 in. in 
width and not more than 0.0005 in. in 
thickness. 

(5) For Tubing to 2 in., Inclushe, 
in Inside Diameter. — The test electrodes 
shall consist of opposing cylindrical rods 
J in. in diameter with edges rounded to 
a radius of in. The upper movable 
electrode shall weigh 0.1 zt 0.0061b. 

Test Specimen 

46. A test specimen long enough to 
obtain five breakdown voltages shall be 
cut from the sample. 


■Procedure. ,.',■ 

.. 47 . (a) For. Tubing Size No. 20do' ^ in,^ 
Inclusive, in Inside Diameter —h length 
of,, tubing, long enough to obtain one 
breakdown, voltage shall be. cut from the 
specimen and placed on the inner elec- 
trode. Part of the inner electrode shall 
be left exposed to make electrical con- 
nection. The tubing shall be long, 
enough to' accommodate ' an outer elec- 
trode, with enough tubing surface on 
either side of the' outer electrode to 
prevent fiashover. The outer electrode, 
consisting of a striplof' metal foil, shall 
be tightly wrapped around the middle of 
the specimen. The first turn;, of 'the foil 
applied to the tubing shall be wiped 
■tightly against it. Two more turns of 
the foil shall then be wound over the first 
turn. Allow a .free end of J in. to' which 
the electrical connection shall be made. 

( 5 ) For Tubing to 2 in., Inclusive, 
in Inside Diameter.— The specimen shall 
be cut on one side along a longitudinal 
axis, flattened, and placed between the 
|-in. electrodes. The specimen shall be 
of sufficient area around the electrodes to 
prevent fiashover. 

■ ■' (c) The . ■dielectric ,stren.gth test .shall 
be made in transformer oil, free from 
foreign matter,, and shall be, determined 
by the short-time test. Voltage shall be 
applied between electrodes, and shall be 
increased at the rate of 0.5 kv. per see. 

(d) Five breakdown voltages shall be 
obtained on each' specimen tested. 

Report 

48. The report shall include the fol- 
lowing: 

(1) Sample size from which the speci- 
men was taken, 

(2) Total volts at each puncture, 

(3) Maximum and minimum punc- 
turing voltages, and 

(4) Average dielectric strength. 
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Wet Dielectric Strength Test 
49. Wet dielectric strength shall be de- 
termined in accordance with Sections 43 
to 47, except that a tubing sample of 
sufficient length shall be placed in tap 
water, with both' ends protruding 1 in. 


above the surface, at room ' temperature 
for a period of 24 hr. The sample shall 
be wiped or blotted to remove free water 
from the surface. The required speci- 
men shall be immediately prepared and 
tested. 


Tentative Methods of 

TESTING VULCANIZED FIBRE USED FOR 
ELECTRICAL INSULATION' 



A.S.T.M. Designation: D 619 - 46 T 
Issued, 1941; Revised, 1942, 1946.^ 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods cover the proce- 
dures for testing vulcanized fibre sheets, 
tubes, and rods of such grades as can be 
used for electrical insulation. 

Definitions 

2. {a) Vulcanized Fibre , — A material 
made by combining layers of chemically 
gelled paper, the gelling chemical being 
subsequently removed by leaching, re- 
sulting in a dense material of partially 
regenerated cellulose in which the fibre 
structure is retained. 

Note. — Vulcanized fibre does not contain 
vulcanized rubber or sulfur as the name might 
imply. 

(5) In referring to the cutting of the 
specimens and the application of the 
load, the following definitions apply: 

Flatwise . — ^Load applied to the flat 

side of the original sheet. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Latest revision accepted by the Society through the 
Administrative Committee on Standards, November 23, 
1946. 


Edgewise . — Load applied to the 
edge of the original sheet. 

Lengthwise . — In the direction of the 
length of the sheet. 

Crosswise . — In the direction at right 
angles to the length of the sheet. 

Note. — When the sheet has the same length 
and width, one dimension shall arbitrarily be 
designated as the length, and the other as the 
width.. 

(c) In the case of thin material, the 
following definitions apply : 

Machine Direction . — ^The lengthwise 
direction in which the paper is formed 
and travels on the paper machine 
wire or cylinder. ^ 

Cross Direction . — The direction at 
right angles to the machine direction. 

Note, — ^These definitions conform to the 
practice of the paper industry . 

Conditioning 

3. Vulcanized fibre shall be condi- 
tioned for physical tests in accordance 
with the Tentative Methods of Con- 


594 


Tests' for. Vulcanized' Fibre (D 619 - 46'- T). 


595 


ditioning Plastics and Electrical Insulat- 
ing' ' Materials for Testing' (A.S.T.M. 
Designation: D 618),^ using the Stand- 
ard Procedure for conditioning ma- 
terial 0.045 in. and under in thickness, 
and Functional Procedure A for con- 
ditioning material over 0.045 in. in 
thickness. In case of dispute in tests of 
materials over 0.045 in. in thickness, the 
material shall be exposed for 48 hr. at 
Standard Laboratory Atmosphere prior 
to conditioning by Functional Procedure 
A.,' 

Note 1. — Conditioning of specimens may be 
undertaken (i) for the purpose of bringing the 
material into equilibrium with normal or average 
room conditions of 25 C. (77 F.) and 40 per cent 
relative humidity, (2) simply to obtain reproduc- 
ible results regardless of the previous history of 
exposure, or (3) to subject the material to ab- 
normal conditions of temperature or humidity in 
order to predict its service behavior. 

The conditioning by Functional Procedure A 
prescribed in Methods D 618 to obtain reproduci- 
ble results may give physical values somewhat 
higher or somewhat lower than the values at 
equilibrium under normal conditions, depending 
upon the test. This procedure for conditioning 
is used because of the relatively short time 
required. To bring the material to an equilib- 
rium condition in a controlled humidity would 
require a long period of time which might extend 
over many months, for example, for thicknesses 
over 1 in. The exact length of time would de- 
pend upon such factors as thickness, grade, and 
previous history of the specimens, and it would 
be too long for ordinary commercial test pur- 
poses. It is probable that the time of exposure 
for some very thin sizes of material conditioned 
in accordance with the Standard Procedure may 
be reduced but sufficient data on the various 
thicknesses are not yet available to permit a 
decision to be made. 

Note 2. — Conditioning of specimens for 
electrical tests is also necessary to obtain con- 
sistent results. The procedure for such con- 
ditioning is under consideration by Committee 
D-9. In order to secure comparable results, 
specimens should be conditioned at the same 
temperature and humidity. 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


' Methods Applicable to Sheets, . 
Tubes,;and'Rods'' 

Water Absorption. 

4. Rate of water absorption 'shall' be 
determined in accordance with the 
Standard Method of Test for Water 
Absorption of Plastics (A.S.T.M. 'Desig- 
nation: D 570)' of the American Society 
for Testing Materials.® The specimens 
shall be dried in an oven for 1 hr, at 105 
to 110 C. prior to the imihersion in 
water. 

Ash 

5. Ash shall be determined in ac- 
cordance with the procedure described 
in the Standard Methods of Testing 
Sheet and Plate Materials Used in 
Electrical Insulation (A.S.T.M. Desig- 
nation: D 229) of the American Society 
for Testing Materials.® 

Silica 

6. (a) Test Specimen . — The test speci- 
men shall consist of approximately 
3 g. of finely divided particles, such as 
millings or filings, of the vulcanized fibre. 

(6) Procedure . — ^The test specimen 
shall be dried for 1 hr. at 105 to 110 C. 
The dried specimen shall be transferred 
to a crucible and slowly ignited to 
constant weight. The ash shall be wet 
with distilled water and transferred to a 
heat-resistant glass beaker. About 75 
ml. of HCl (sp. gr. 1.19) shall be added 
and the beaker covered with a watch 
glass. The contents of the beaker shall 
be evaporated to dryness. To the resi- 
due shall be slowly added 10 ml. of HCl 
(sp. gr. 1.19) followed by 75 ml. of dis- 
tilled water. The mixture shall be fil- 
tered through ashless filter paper and 
washed with cold water, then with warm 
water until the filtrate is free from 
chlorides. The filter paper shall be ig- 
nited to constant weight in a weighed 
platinum crucible. Then, 4 ml. of HF 
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(48 to 60 per -ceEt) shaE be,, added and 
heat applied until all white fumes are 
driven off. ■ The crucible ' shall be cooled 
and weighed. The difference between 
this weight 'and,, the. previous o.ne 'indi- 
cates ■silicon present as silica. The re- 
sults shall be expressed' as a percentage 
of the weight of the dried specimen. 

Volatile' Matter 

7. (a) This method is in- 

tended for the rapid determination, with 
reasonable accuracy, of the amount of 
moisture and other volatile matter in 
vulcanized fibre of all grades and thick- 
nesses. . 

(b) T esl Specimen. — The test specimen 
shall consist of the minimum number of 
pieces of fibre required to give a total 
weight of at least 1 g., and prepared as 
follows: 

(7) Sheets . — For sheets less than in. 
in thickness, the pieces for the test speci- 
men shall be 3 by 1 in. by the thickness 
of the sheet ; for sheets ijb in. and over in 
thickness, the pieces for the test speci- 
men shall be 3 by i in. by the thickness 
of the sheet. The pieces shall be band- 
sawed or sheared from the sample so as to 
produce smooth edges free of cracks.. 
The sawed faces shall be sanded or filed 
to remove any protruding sections that 
might be broken off during the test. 
The sample shall be sawed slowly so 
that the fibre is not heated appreciably.. 
The thickness of the specimens shall be 
measured to the nearest 0.001 in. in the 
direction perpendicular to the natural! 
faces of the original sample. 

(2) Tubes.— Y qi tubes less than ^ 
in. in wall thickness, the pieces for the 
test specimen shall be 1-in. lengths^ 
For tubes in. and over in wail thick- 
ness, the pieces for the test specimeni 
shall be l-in. lengths slowly cut with su 
bandsaw. 

(J) Rods . — For rods less than in., 
in diameter, the pieces for the test 
specimen shaE consist of continuous 


lengths. For, rods in.- and ': 0 .ver in 
• diameter, the pieces for the test, specimen 
shall be lengths slowly cut with a 

band saw. 

{c) Pfoceiure.—ThiQQ test specimens, 
each 'consisting of one or more pieces, of 
fibre -as required, shall be tested in- 
dividually. Each specimen shall be 
weighed to the nearest 1 mg., and placed 
in a mechanical convection oven main- 
tained at a temperature of 135 dr 2 C. 
and heated for the period prescribed 
in the following table. Specimens less 
than 'h in. in thickness shall be weighed 
(but not heated) in a weighing bottle. 

Heating' 

Size Period, hr. 

Sheets /Tnder in. in thickness 2 

‘ and over in thickness. 4 

TnKpc /Under A in. in wall thickness. 2 
' ■ in. and over in wall thickness 4 

Rods.. /Under ^ in. in diameter 2 

in. and over in diameter ... 4 

The specimens shall be removed from 
the oven, cooled in a desiccator, and 
weighed to the nearest 1 mg. The 
difference between the original weight 
and the final weight of the specimens 
shall be considered as the volatile 
matter content. 

(d) Calculation . — ^The percentage of 
volatile matter content of the specimen 
shall be calculated as follows: 

Volatile matter, per cent *= 

original wt. of specimen 

— final wt. of specimen ^ ^ 

— - — — ^ lUil. 

final wt. of specimen 

{e) Repoft—Tht report shall include 
the following: 

(J) Color and dimensions of the speci- 
men, and, , . 

(2) Percentage of volatile matter. 

Zinc Chloride 

8. (a) The test speci- 

men shall consist of approximately 3 g. 
of finely divided particles, such as 
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millings:, or ^filings j : of the vulcanized 
fibre. 

■ :{b) Frocedim— The .test .specimen 
shall be dried for 1 hr. at 105 to 110 C. 
The dried . specimen shall be placed 
in a Soxhiety Wlley-Richardson, or simi- 
lar type. of extractor and extracted with 
distilled water, for 3 hr. The rate of ex- 
traction with the Wiley-Richardson size 
of extractor shall be sujficient to cause 
the tube containing the specimen to be 
filled by condensation and emptied by 
the siphon at least six times per hour. 
When the Soxhlet or similar size extrac- 
tor is used, the tube shall be filled and 
emptied at a rate of at least three cycles 
per hour. After this extract has cooled, 
0.5 ml. of potassium chromate solution 
(10 per cent) shall be added and the ex- 
tract titrated with standard silver nitrate 
solution. The end point is indicated by 
the appearance of a permanent red color. 
A blank test shall be made on an equal 
volume of distilled water and potassium 
chromate solution and the result shall be 
subtracted from that of the specimen. 
The net result shall be calculated in 
terms of zinc chloride. 

Methods Applicable to Sheets 

Note. — In addition to the methods of test- 
ing sheets covered in the following Sections 9 to 
20, inclusive, the methods described in Sections 
4 to 8 are also applicable to sheet materials. 

.Tensile Strength 

9. (a) For sheets 0.030 in. and under 
in thickness, the tensile strength shall be 
determined in accordance with the pro- 
cedure described in the Tentative Meth- 
ods of Sampling and Testing Untreated 
Paper Used in Electrical Insulation 
(A.S.T.M. Designation: D' 202) of the 
American Society for Testing Materials.® 

(b) For sheets over 0.030 in, in thick- 
ness, the tensile strength, shall, be 
determined ' in accordance ' with the 
procedure described in Standard Meth-- 
ods D 229. 


Tearing Strength v 

10. Tearing strength of '.sheets; 0.030 
in. and under in tliickness sliail be deter- 
mined in accordance with the procedure 
described in the Standard Method .of' 
Test for Internal Tearing Resistance of 
Paper (A.S.T.M. Designation: D 689).® 

Compressive Strength ■ 

11. Compressive strength shall be 
determined in accordance with the pro- 
cedure described in Standard Methods 
D 229. 

Flexural Strength 

12. Flexural strength of sheets in. 
and over in thickness shall be determined 
in accordance with the procedure de- 
scribed in Standard Methods D 229. 

Bursting Strength 

13. Bursting strength of sheets under 
0.045 in. in thickness shall be determined 
in accordance with the procedure de- 
scribed in Tentative Methods D 202. 


Resistance to Impact 


14. Impact strength shall be deter- 
mined in accordance with the Tentative 
Methods of Test for Impact Resistance 
of Plastics and Electrical Insulating 
Materials (A.S.T.M. Designation: 
D 256) of the American Society for 
Testing Materials.® 


Density 

15. (a) For sheets 0.020 in. and under 
in thickness, the specimen after condi- 
tioning shall be weighed on a chemical 
balance having a sensitivity of 1 hig. 
The thickness shall then be measured and 
the apparent density calculated from the 
thickness and weight as 


Apparent density, 

g. per cu. cm. 


,wt.'in g.': 
voL in cu, in. 


X 0.061 
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(b) For sheets over 0,020 in.; in thick- 
ness, the density shall be determined 
with any suitable weight difference 
apparatus for making readings in water 
^and air. 

Dielectric Strength 

16, Dielectric strength shall be deter- 
mined in accordance with the Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149) of the 
American Society for Testing Materials,^ 
with the exceptions described in the 
procedure for dielectric strength in 
Standard Methods D 229. 

Rockwell Hardness 

17, Rockwell hardness shall be deter- 
mined in accordance with the Standard 
Methods of Test for Rockwell Hardness 
and Rockwell Superficial Hardness 
of Metallic Materials (A.S.T.M. Desig- 
nation: E 18) of the American Society 
for Testing Materials,^ with the addi- 
tional provisions covered by the 
procedure for Rockwell hardness de- 
scribed in Standard Methods D 229. 
The R scale shall be used in all tests 
and the letter ^^R” shall precede all 
Rockwell hardness numbers. 

Thickness 

18, (a) On Test Specimens,— All thick- 
ness measurements of test specimens 
shall be made using a machinist's 
micrometer in the manner outlined under 
method B of the Standard Methods 
of Test for Thickness of Solid Electrical 
Insulation (A.S.T.M. Designation: 
D 374) of the American Society for 
Testing Materials.^ 

(b) On Large Sheets , — In the factory, 
thickness measurements of large sheets 
of material may be made by using a 
gage mounted on a yoke of sufficient 

* 1946 Book of A.S.T.M. Standards, Parts LA and 
LB. 


size and : rigidity to permit accurate 
measurements of the thickness at the 
center of the sheet. 

Machine and Cross Directions 

19. {a) Test Specimen, — A rectangular 
test specimen, approximately 2-in. square 
for sheets under A’ in* in thickness, and 
l-in. square for sheets >^2 in. and over in 
thickness shall be used. 

{h) Procedure , — The specimen shall be 
measured in two directions at right 
angles to each other. The 2-in. square 
specimen shall be measured with a steel 
rule graduated in iVin* divisions, and 
the l-in. square specimen shall be meas- 
ured with a micrometer caliper. The 
specimens shall be immersed in water 
until swelling has occurred, removed, 
and remeasured immediately at the 
same locations that were measured 
before. The dimension which is found 
to show the greatest percentage increase 
during the immersion shall be considered 
the cross direction. 

Flammability 

20. Flammability shall be determined 
in accordance with the procedure de- 
scribed in Standard Methods D 229. 

Methods Applicable to Tubes 

Note. — In addition to the methods of test- 
ing tubes covered in the following Sections 21 to 
25, inclusive, the methods described in Sections 
4 to 8 are also applicable to tubes. 

Tensile Strength 

21. Tensile strength shall be deter- 
mined in accordance with the procedure 
described in the Standard Methods of 
Testing Laminated Tubes Used in 
Electrical Insulation (A.S.T.M. Desig- 
nation: D 348) of the American Society 
for Testing Materials.® 

Compressive Strength 

22. Compressive strength shall be 
determined in accordance with the pro- 
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cedure' described in Standard Methods 
0 . 348 .;, 

Density 

23. Density shall be determined in 
accordance with the procedure described 
in Standard Methods D 348. 

Dielectric Strength 

24. Dielectric strength shall be deter- 
mined in accordance with Standard 
Methods D 149, with the exceptions 
described in the procedure for dielectric 
strength in Standard Methods D 348. 

Dimensioiiai Meastireinents 

25. Dimensional measurements of 
tubes shall be made in accordance wdth 
the Standard Methods of Measuring 
Dimensions of Rigid Tubes Used in 
Electrical Insulation (A.S.T.M. Desig- 
nation: D 668) of the American Society 
for Testing Materials.® 

Methods Applicable to Rods 

Note. — ^I n addition to the methods of test- 
ing rods covered in Sections 27 to 30, inclusive, 
the methods described in Sections 4 to 8 are 
also applicable to rods. 

Tensile Strength 

27. Tensile strength shall be deter- 


mined in accordance with the procedure 
described in the Standard ' Methods ■ of 
Testing Laminated Round Rods Used 
in Electrical Insulation (A.S.T.M. Desig- 
nation: D 349) of the American Society 
for Testing Materials.® 

Compressive Strength 

28. Compressive strength shall be 
determined in accordance with the 
procedure described in Standard Meth- 
ods D 349. 

Flexural Strength 

29. Flexural strength shall be deter- 
mined in accordance with the procedure 
described in Standard Methods D 349. 

Density 

30. Density shall be determined in 
accordance with the procedure described 
in Standard Methods D 349. 

Dimensional Measurements 

31. Dimensional measurements of 
rods shall be made in accordance with 
the Tentative Methods of Measuring 
Dimensions of Rigid Rods Used in Elec- 
trical Insulation (A.S.T.M. Designation: 
D 741) of the American Society for 
Testing Materials.® 


Tentative Methods of 

TESTING ELECTRICAL INSULATING OILS^ 



A.S.T.M. Designation: D 117 - 46 T 

Issued, 1946.® 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods of testing electrical 
insulating oils apply to mineral oil of 
petroleum origin for use in cables, trans- 
formers, oil circuit breakers, and other 
electrical apparatus as an insulating or 
cooling medium, or both. The test 
methods included are listed in Table I. 


TABLE 1, 


• Test 

Definitions, 
Significance, 
and Procedure 
for Test 
Described in 
These 

Methods in 
Sections No. 

A.S.T.M. 
Designation 
of Test 
Method 

i 

Acid and Base Numbers... 

2 to 4 

D 663, D 664 

Color 

5 to 7 

D 155 

Dielectric Strength 

8 to 10 

D 877 

Flash Point 

11 to 13 

D92 

Free and Corrosive Sulfur, 
Inorganic Chlorides and 
Sulfates in Insulating 

14 to 16 

D 117-43 

Oils 

17 to 19 

D 878 

Power Factor 

20 to 22 

D 150 

Pour Point 

23 to 25 

D97 

Sampling 

26 to 28 

D 117-43 

Saponification Number — 

29 to 31 

D94 

Sludge : 

32 to 34 

D670 

Specific Gravity 

35 to 37 

D 287, D 206 

Steam Emulsion 

38 to 40 

D 157 

Viscosity 

41 to 43 

D 88, D 445, 
D446 

Resistivity 

44 to 46 

D 257 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Accepted by the Administrative Committee on Stand- 
ards, November 23, 1946. 

These methods are in effect a tentative revision of, and, 
when adopted, are intended to replace the Standard Meth- 
ods of Testing Electrical Insulating Oils (A.S.T.M. Desig- 
nation D 117 - 43), see p. 65. 

m 


Note. — For oils having a Saybolt Universal 
viscosity over 150 sec. at 100 F. (37. 8 C.), modi- 
fications of certain test procedures are necessary. 
These modifications are under study and devel- 
opment by Committee D-9. A notation ap- 
pears in each test procedure where such modificaT* 
tion is necessar^G 

■ Acid and Base Numbers 

Definitions 

2. (a) Properly refined insulating oils 
are free from mineral acids and alkalis. 
On the other hand, practically all oils 
contain natural organic substances which 
are either weak acids or which, upon 
oxidation, form compounds acidic in 
nature. The proportion of these acidic 
substances present in an oil is commonly 
referred to as its '^organic acidity’’ to 
distinguish them from mineral (strong) 
acidity. ^ ^Organic acidity” is repre- 
sented by the difference between total 
acid number and strong .acid number. 
Additive-type , oils may have an initial 
acid or alkaline reaction, distinctive of 
type of additive incorporated. 

(5) Total Acid NuMber.'—TotB.l acid 
number is the 'number of ,, milligrams of 
potassium hydroxide, required to, react 
with 1 g. of oil when tested as prescribed, 
(c) Strong Acid. Nmnher . — Strong 

acid number is the number of milligrams 
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j^otassium Eydroxide required to 
react with the strong acid content of I g. 
of oil under prescribed conditions. 

; (d) Strong Base Number . — Strong 
base number is the number of milligrams 
of ' potassium hydroxide equivalent to the 
acid required to react with 1 g. of oil 
when tested according to the method. ' 

Significance ■ ■ 

3. (ij) In the inspection of unused 
oils, strong acid and strong base number 
values are important as a check against 
the presence of mineral acidity or alkalin- 
ity. Appreciable quantities of organic 
acidity may be detected by the difference 
between total acid number and strong 
acid number. 

(J) In used insulating oils total acid 
number may be pertinent, if compared 
to the value for the unused product, to 
detect contamination by substances with 
which the oil has been in contact, to 
reveal tendency toward increase in acid- 
ity due to inherent chemical change, or 
to indicate chemical changes in additive. 
An increase in total acid number may be 
used as a general guide for determining 
when a particularly well-known oil 
should be replaced by fresh material to 
prevent further decomposition and con- 
sequent sludging, provided suitable re- 
jection limits have been established and 
other tests confirm the need for a change. 

Procedure 

4. Acid and base, numbers shall be 
determined in accordance with the 
Tentative Method of Test for Acid and 
Base Numbers of Petroleum Products by 
Color-Indicator Titration (A.S.T.M. De- 
signation: D 663)^, Acid and base 
numbers may also be determined in 
accordance with the Tentative Method 
of Test for Acid and Base Numbers of 
Petroleum Products by Electrometric 
Titration', (A.S.T.M. ' Designation: D 

* 1945 Book of A,S.T.M. Standards, Part III-A. 


664),^ if it is, desired to use an' electro-; 
metric titration method. 

,COLOR'^ ., 

Definition 

5. The . color of an insulating oil is 
determined by means of transmitted 
light, and is expressed by a numerical 
value based on comparison with a series 
of color standards. 

Significance 

6. (a) The chief significance of color 
as applied to an insulating oil lies in the 
fact that it is the generally accepted index 
of the degree of refinement for unused 
oils and an approximate measure of 
deterioration of products in service. 
Increase in color number may be indica- 
tive of contamination. 

(6) While there may be some connec- 
tion between the color of an insula ting 
oil and its degree of refinement, there has 
never been established a relationship 
between this characteristic and physical, 
chemical, or electrical stability. There- 
fore, color by itself may be considered of 
little inherent value. 

Procedure 

7. Color shall be determined in ac- 
cordance with the Tentative Method of 
Test for Color of Lubricating Oil and 
Petrolatum by Means of A.S.T.M 
Union Colorimeter (A.S.T.M. Designa 
tion: D 155),® 

Dielectric Strength 
Definition 

8. The dielectric strength of an insu- 
lating material may be defined as the 
minimum voltage gradient at which 
electrical failure or breakdown occurs 
under prescribed conditions. 

Significance', 

9. The dielectric strength of an insu- 
lating oil is of importance as a measure 
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Significance 

15. (See Footnote 5.) 


of its ability to withstand electric stress 
without failure. It may also serve to 
indicate the presence of contaminating 
agents, such as wrater, dirt, or conducting 
particles in the oil, one or more of which 
may be present simultaneously when low 
dielectric strength values are found by 
test. However, a high dielectric strength 
is not a certain indication of the absence 
of all contaminants. 

Procedure 

10. Dielectric strength shall be de- 
termined in accordance with the Tenta- 
tive Method of Test for Dielectric 
Strength of Insulating Oils (A.S.T.M. 
Designation: D S77)^ 

Flash Point 

Definition 

1 1 . The flash point of a material which 
emits combustible vapor may be defined 
as the temperature to which the material 
must be heated in order to give off suffi- 
cient vapor to form a flammable mixture 
with air. 

Significance 

12. The flash point of a mineral 
insulating oil reveals the limit to which 
the material may be heated under the 
specified test conditions before the vapors 
emitted became a fire hazard. An 
unusually low flash point for a given 
product indicates contamination. 

Procedure 

13. Flash point shall be determined in 
accordance with the Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Designa- 
tion: D 92.^ 

Free and Corrosive Sulfur 
Definition 

14. (See Footnote 5.) 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

6 Work is in progress on the development of statements 
on definition and significance of this test and they will be 
added in future revisions as rapidly as completed by the 
committee. 


Procedure® 

16. The recommended; .procedure for 
conducting the test for free and corrosive 
sulfur is that described in the Standard 
Methods of Testing Electrical Insulating 
Oils (A.S.T.M. Designation rD 117-43)/ 
except that the copper strip shall be 
immersed in the oil at 100 =b 2C., for a 
period of 5 hr., after which time the 
glass tube shall be withdrawn from the 
bath and the copper strip examined. 

Inorganic Chlorides and Sulfates 
In Insulating Oils 

Definition 

17. (See Footnote 5.) 

Significance 

18. (See Footnote 5.) 

Procedure 

19. The presence of inorganic salts 
(chlorides and sulfates) shall be deter- 
mined in accordance with the Tentative 
Method of Test for Inorganic Chlorides 
and Sulfates in Insulating Oils (A.S.T.M. 
Designation: D 878).“^ 

Power Factor 

Definition 

20. (See Footnote 5.) 

Significance 

21. (See Footnote 5.) 

Procedure^ 

22. Power factor shall be determined 
in accordance with the Tentative Method 
of Test for Power Factor and Dielectric 
Constant of Electrical Insulating Mate- 
rials (A.S.T.M. Designation: D 150).< 

® A new method, for the detection of free and corrosive 
sulfur is in the course of preparation and when completed 
will be issued under a separate A.S.T.M. designation. 

’ A new method of^test for power factor is in course of 
preparation and when completed will be issued under a 
separate A.S.T.M. designation. 
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The cell to be used for testing the oil shall 
be suitable for measuring power iactors 
ranging between values of 0.0001 and 
0.25. 

^ Pour Point 
Definition 

23. Insulating oils become more or less 
plastic solids when sufficiently cooled, 
due either to partial separation of wax 
or to congealing of the hydrocarbons or 
derivatives composing the products. 
The temperature at which the liquid just 
flows under the prescribed conditions is 
known as the pour point. 

Significance 

24. (a) The pour point of an insulating 
oil gives an indication of the temperature 
below which it may not be possible to 
pour or remove the oil from its container, 

(b) In connection with oil for oil- 
filled cables, the pour point may be use- 
ful to indicate the point at which no free 
movement will take place in the cable, 
or to indicate the temperature at which 
partial separation of wax may begin. 

(c) The pour point of a transformer 
oil is important as an index of the lowest 
temperature to which the material may 
be cooled without seriously limiting the 
degree of circulation of the oil in the 
transformer casing. 

Procedure 

25. Pour point shall be determined in 
accordance with the Standard Method 
of Test for Cloud and Pour Points 
(A.S.T.M, Designation: D 97).^ 

Sampling 

Definition 

26. Sampling is the obtaining of an 
adequate portion which is representative 
of an entire quantit}^ or of a particular 
cross-section of material. In some cases 
the detection of contaminants which are 
not ordinarily dispersed uniformly in an 
oil, such as water or rust, necessitates 


taking samples at specific locations where 
the contaminants are likely to be found. 

Significance 

27. Accurate sampling, whether of the 
complete contents or only parts thereof, 
is extremely important from the stand- 
point of evaluation of the quality of the 
product sampled. Obviously, examina- 
tion of a sample that, because of careless 
sampling procedure or contamination in 
the sampling equipment, is not directly 
representative, leads to erroneous con- 
clusions concerning quality and, in addi- 
tion, results in a loss of time, eSort and 
expense involved in securing, transport- 
ing, and testing the sample. 

Procedure® 

28. Sampling shall be carried out in 
accordance with the procedure described 
in the Standard Methods of Testing 
Electrical Insulating Oils (A.S.T.M. 
Designation : D 1 1 7 - 43) 

Saponification Number 
Definition 

29. The saponification number of an 
oil is the number of milligrams of 
potassium hydroxide which is consumed 
by one gram of oil under the prescribed 
conditions. 

Significance 

30. The saponification number is the 
best index of the percentage of fat or 
fatty oil in a given product. In oils 
containing no fat or fatty oil, the test 
merely measures acidic compounds pres- 
ent which react with potassium hydrox- 
ide. Since the limit of error of the test 
(plus or minus 0.5) is greater than the' 
amount of saponifiable material normally 
present in electrical insulating oils, the 
value and significance of saponification 
number for the evaluation of the quality 
of these products is questiGnable, 

8 A revised method of sampling insulating oils is in the 
course of preparation and, when completed will be issued 
under a separate A.S.T.M. designation. 
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Procedure 

31. Saponification, number shall . be 
determined by the Standard -Method of 
Test for Saponification Number of 
Petroleum Products by Color-Indicator 
Titration (A.S.T.M. ' Designation: 
D 94).^ 

Sludge 

Definition 

32. The sludge value for mineral 
transformer oil represents the percentage 
of insoluble matter formed when the oil 
is heated and oxidized under certain 
prescribed conditions. 

Significance 

33. (a) Sludge in transformer oil tends 
to deposit upon transformer parts and 
interfere with heat transfer, and to choke 
oil ducts and so hinder oil circulation and 
heat dissipation. Sludge also tends to 
increase water retentivity, lower dielec- 
tric strength, impair power factor, and 
increase the rate of further chemical 
reaction in the oil itself. An oil which, 
among other things, reveals a high 
degree of resistance to sludge formation 
is considered desirable for transformer 
use, although the oil possessing the 
lowest sludge test value is not necessarily 
the best. Additional physical, chemical 
and electrical factors, including the rate 
of corrosive acid formation, must be 
considered in the final decision as to the 
usability of the oil in transformers. 

(b) Numerical correlation between 
results from these laboratory sludge 
tests and years of service and sludge 
accumulation in transformers has yet to 
be established. 

Procedure 

34. Sludge value shall be determined 
in accordance with the Tentative Meth- 
ods oi Test for Sludge Formation in 
Mineral Transformer Oil (A.S.T.M. 
Designation: D 670).^ 


^ 'SPEcmc Gravity , 
Definition 

35. The specific gravity of an oil is, 
according to the general custom of this 
country, the ratio of the weights of 
equal volumes of oil and water, both 
weights being determined with -the 
liquid at a temperature of 60 F. (15.56 C.) 
and both weights being corrected for the 
buoyant effect of air. This character- 
istic is expressed as “Specific Gravity 
60/60 F.’' wherein the first 60 F. refers 
to the temperature of the oil and the 
second 60 F. refers to the temperature 
of the water. 

Significance 

36. Electrical insulating oils are 
usually sold on the basis of volume 
delivered at 60 F. Delivery is often 
made on the basis of net weight of 
product in drums, and the specific 
gravities are often measured at tem- 
peratures other than that of 60 F. The 
value of specific gravity at 60 F, must 
be known to compute the volume at 
60 F. of the oil delivered. 

Specific gravity is not significant as 
such in determining the quality or 
suitability of the insulating oil for a 
given application. 

Procedure 

37. Specific gravity shall be deter- 
mined in accordance with the Standard 
Method of Test for Gravity of Petroleum 
and Petroleum Products by Means of 
the Hydrometer (A.S.T.M. Designation: 
D 287 ) Conversion of readings taken at 
temperatures other than 60 F. shall be 
made in accordance with either the 
abridged table appearing in A.S.T.M. 
Method D 287, or the Standard Abridged 
Volume Correction Table for Petroleum 
Oils (A.S.T.M. Designation: D :206)A 
or U. S. Bureau of Standards Ctrmlar 
C 410. The test report shall state which 
conversion table was used. 
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Steam Emulsion 

Definition 

: 38. When a mineral oil and water 
are mixed in any manner j they generally 
tend to separate more or less rapidly 
on, standing. The presence of small 
amounts of certain other materials, 
particularly polar compounds, decreases 
the rate of separation and may pre- 
vent , any separation whatever. This 
physical condition is known as an emul- ■ 
sion, and tlie phenomenon is known as 
emulsification, 

(6) In the steam emulsion test, steam 
is passed into the oil under prescribed 
conditions and the time in seconds re- 
quired for complete separation of the oil 
and the condensed steam is recorded as 
the Steam Emulsion Number (S.E. 
No ) of the oil. 

Significance 

39. The A.S.T.M. test for steam 
emulsion was developed to predict the 
tendency of a mineral oil to resist 
emulsification in the event it should come 
in contact with steam or water during 
use. In the case of an insulating oil, 
high S. E. Number would reflect slow 
rate of separation from water and would 
indicate the presence of substances which 
might eventually depreciate the insulat- 
ing properties of the oil. However, be- 
cause insulating oils are not ordinarily 
subjected to conditions which develop 
emulsification, there is no uniformity of 
opinion as to the value and significance 
of the test,. : 

Procedure 

40. Steam emulsion number shall be 
determined in accordance with the 
Standard Method of Test for Steam 
Emulsion of Lubricating Gils (xA.S.T.M. 
Designation: D 157).^ 

: ."Viscosity 

Defimtion 

41 . The viscosity of a fluid is its 


resistance to uniformly continuous flow, 
without turbulence, ' inertia, or o ther 
forces. The viscosity of insulating oil 
is- usually measured by, the time of flow 
of a- given quantity of. oil under, con- 
trolled conditions. 

Significance 

42. (a) The viscosity. of the insulating 
oil used in solid type cables, at the 
temperature used for impregnation, is a 
factor in the rate of impregnation. The 
'viscosity at operating temperatures is 
the principal factor in the mobility of the 
insulating oil under service conditions. 

(6) The viscosity of a transformer oil 
at operating temperatures is a principal 
factor in the convection flow of the oil 
needed for heat dissipation. 

Procedure 

43. Viscosity shall be determined In 
accordance with either the Standard 
Method of Test for Viscosity by Means 
of the Saybolt Viscosimeter (A.S.T.M. 
Designation: D 88)^ or the Tentative 
Method of Test for Kinematic Viscosity 
(A.S.T.M. Designation: D 445)® and, 
unless otherwise specified, at a tempera- 
ture of 37.8 C. (100 F.). The conver- 
sion of viscosity values may be made in 
accordance with the Standard Method 
for Conversion of Kinematic Viscosity 
to Saybolt Universal Viscosity (A.S.T.M. 
Designation: D 446).® 

Resistivity 

Definition 

44. (See Footnote 5.) 

Significance 

45. (See Footnote 5.) 

Procedure 

46. Resistivity shall be determined in 
accordance with the Standard Method 
of Test for Insulation Resistance of Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 257).^ 


Tentative Methods of 
TESTING ASKARELS' 



A.S.T.M, Designation: D 901 -46 T 

Issued, 1946.2 

Tliese Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods of testing apply to 
askarels, synthetic nonflammable type 
insulating liquids which, when decom- 
posed by the electric arc, evolve only 
nonexplosive gaseous mixtures. 

Note. — Various materials have been used 
successfully in taking, storing, and testing 
samples of askarels. Until experience has 
developed a strong preference, materials referred 
to in these methods will be understood to be 
approved but not specified. 

Sa&ipling 

General 

2 . Samples from shipments of askarels 
shall be taken in such a manner that 
they will be representative of the ship- 
ment. Samples from askarels in service 
shall be taken in such a manner that 
they will represent the portion of liquid 
in poorest condition. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials, 

2 Accepted by the Administrative Coinmittee on Stan- 
dards, November 23, 1946. 

Prior to their acceptance as tentative, these methods 
were published as information from 1943 to 1946, being re- 
vised in 1945. 


Sampling Apparatus 

3. {a) General . — Sampling apparatus 
shall be made of materials which will 
have no appreciable effect upon the test 
results. Approved materials are glass, 
stainless steel, or chromium-plated metal. 
Sampling apparatus shall be specially 
constructed for consistently withdrawing 
samples from various types of containers 
or electrical apparatus. 

Note L — ^The sampler shown in Fig. 1 is so 
constructed that it may be used in taking either 
a top or a bottom sample. In either case the 
sample is released at the bottom of the sampler. 

Note 2.— The sampler shown in Fig. 2 is of 
the cream dipper type. Liquid enters the dipper 
at the top and is released into the sample bottle 
by opening the valve at the bottom. 

Note 3. — ^The sampler shown in Fig. 3 is of 
the vacuum type. It consists of a bottle fitted 
with a 2-hole cork stopper, glass tubing and a 
syringe bulb. Liquid is drawn through the 
glass tubing into the bottle by means of a partial 
vacuum produced by operation of the bulb. 

. (5) For^Dfims.’—^oi sampling drums 
the apparatus shall be so designed that 
liquid will enter the top of the sampler 
cup when the cup is submerged approxi- 
mately i in. 
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„ , Note 4.-— A convenient and simple device 
for sampling drums is of the cream dipper type 
shown in Fig. 2. 

(i;) For sampliiig cans of 5- 

gal. capacity or larger an apparatus of the 
dipper type. Fig. 2 may be used, or an 
apparatus of the vacuum type shown in 
, Fig> 3 may, be used. 

(d) For Tank Cars . — For sampling 
tank cars the sampling apparatus may 
be of the type shown in Fig. 1. This is 
a modification of the type shown in Fig. 
2 of the Standard Methods of Testing 
Electrical Insulating Oils (A.S.T.M. 
Designation: D 117).® 

Valve Sfem 
Threaded for 
2-Len9ih 


Valve Head 
'Screwed on Stem.. 



Collar Screwed 
in Stem and Locked 
Against Valve Head 


Tdiam. Solid Brass 
Ball Va/ve with 
Hemispherical Seat ^ 


Valve Seat Screwed ||L 
into Bottom, having 
Four Lugs jHlgh bvi Wide 


Note .—Thief m ay be used for taking top or bottom 
sample from tank car. For bottom sample use as shown 
in sketch. For top sample screw valve headland collar 
about up on stem so that top valve remains fixed in 
open position, and submerge thief just below liquid level. 

Fig. 1.— Sampler for Tank Cars. 

Sample Containers 

4. (a) The following may be used as 
containers for the samples: 

(i) Tin cans, 

{2} Cork-stoppered or glass-stoppered 
dark glass bottles, and 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


^ by Steel Handle 
with T~ Grip at Top 

Knob Screwed on Stem-^^ 
Valve Stem of £stee I Rod^^ 

Bracket of by j Steel with 
^Clearance Holes for Stem^^ 

Light Spring — — ■ 


Screw Right of Center Line'' 


Screw Left of Center Line . 

Meta! Tube 
Open at Top 


Tube Waif Pressed J 
in and Handle Brazed \ J 
on with Smooth finish f 
Flush with Outer I 
Diameter of Tube \CapQdfY 
I ip^- 

\{Appror) 


Fig. 2. — Sampler for Drums. 


Vacuum Applied Here 
wifh Rubier Bulb or 
Hand Pump [ 

Cork Stopper i 


I <--Gloss Tubing 
{ (May be extended in 

} special cases when 

* required to sample 

at greater depths 
in container etc.) 

Note. — In the case of samples for extremely sensitive 
tests such as power factor there is some evidence to indi- 
cate that brass or copper thiefs may affect the test results. 
The chemically clean glass thief is used to take samples 
for such tests from both S-gal. cans and drums of new ma- 
terial. In special cases, it is used to sample apparatus in 
service. 

Fig. 3. — Glass Sampler for Cans. 
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:(J) Cork-stoppered' or glass-stoppered 
dear-glass bottles in light-proof 

: cartons.' 

Note.— T he, darb-glass bottle has the ad- 
vantage that it protects the sample from the 
■ effects ' of bright light. The clear-glass bottle 
offers the advantage that it may be examined to 
see that it is clean. It also allows visual 
inspection of the liquid before testing, permitting 
the detection of free water or solid impurities. 

(b) The containers shall be clean and 
dry. Samples placed in glass bottles 
. shall be kept in the dark if subsequent 
testing is to include color, neutralization 
value, power factor or resistivity. For 
this reason light-proof cartons with 
covers shall be provided for each bottle 
into which the bottle with its sample of 
liquid shall be placed immediately after 
sampling. If cork stoppers are used 
they shall be covered with tin or alumi- 
num foil If glass-stoppered bottles 
are used, precaution shall be taken to 
insure that perfectly fitting stoppers are 
secured. A tin can fitted with, a screw 
cap protected with a cork disk faced 
with tin or aluminum will endure harder 
usage. Tin cans shall be of the type 
having seams soldered on the exterior 
surfaces. 

Cleaning of Sampling Apparatus and 
■ Sample Containers 

5. {a) General. — ^All sampling appara- 
tus and sample containers shall be 
cleaned thoroughly before using, special 
care being taken that no' lint or other 
fibrous material remains in or on them. 
Care shall be taken to insure the com- 
plete removal of all traces of soldering 
flux from new containers. 

Note. — ^A lcohol is a good solvent for solder- 
ing flux. 

(b) Sampling Apparatus, — Sampling 
apparatus, before using, shall be cleaned 
by rinsing with dry, lead-free gasoline, 
Stoddard solvent, or carbon tetrachlo- 


ride, and dried in the hot cabinet of the 
type described in Section 6 (a). The 
best procedure : is to rinse it after the 
sampling has been finished and then 
place it in the hot cabinet, as in this way 
it will be ready for use without further 
cleaning when the next samples are to 
be taken. The rinsing material shall be 
used but once and then discarded. ■ 

(c) Sample Containers. --Sample con- 
tainers, before using, shall be rinsed 
with lead-free gasoline and dried. They 
shall then be washed with strong soap- 
suds, rinsed thoroughly with distilled 
water and then dried by passing a cur- 
rent of dry, clean, warm air through the 
containers, after which they shall be im- 
mediately placed in the hot cabinet 
described in Section 6 (a), A similar 
washing will be sufficient for re-use of 
the containers that have held new liquid 
but those which have contained used 
liquid shall be washed with both lead-free 
gasoline and benzol before being washed 
with soapsuds. 

Storage of Sampling Apparatus and 

Sample Containers 

6. (a) Gendrak — ^After cleaning and 
until required, all sampling apparatus 
and sample containers shall be kept in a 
dry, dust free, hot cabinet in which an 
air temperature of approximately 60 C. 
shall be maintained. 

(&) Sampling Apparatus. — ^Sampling 
apparatus shall be kept at all times in a 
vertical position in the hot cabinet in a 
rack having a suitable drainage recep- 
tacle at the base. 

{c) Sample Contaimrs.—Coiitmmx% 
for samples, after being washed and 
dried as described in Section 5 (c), shall 
be kept unstoppered v/hile in the hot 
.cabinet and shall be sealed.', immediately 
on . 'removal. During \ the preparation 
and subsequent handling of the con- 
tainer- when introducmg the- sample, care 
shaU be; taken that the operator ’sffingers 
do not touch the lip of the container. 
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Procedure for Sampling Wew Askarei 

7, (a) .It . is, .recommended .that 1 qt. 
of liquid be taken as a sample if complete 
physical and chemical tests are to be 
made and I pt. if only dielectric strength 
tests are to be made. Sample containers 
should not be completely filled, about 
10 per cent of the volume being left for 
expansion. 

(J) Samples shall not be taken from 
containers until the liquid is at least as 
warm as the surrounding air. 

(c) Sample containers and sampling 
apparatus shall be rinsed with the liquid 
about to be sampled. 

(d) Drums and cans shall be prefer- 
ably sampled indoors and shall be kept 
undisturbed for at least 12 hr. before 
samples of liquid are taken. 

(e) Drums of liquid to be sampled 
shall be lined up, preferably on their 
sides with their bungs up. The bungs 
shall be unsealed, removed and laid with 
the liquid contact sides up beside the 
bungholes. The dipper type sampler 
(Fig. 2) shall be lowered into the liquid 
until the lip of the cup is approximately 
J in. below the surface of the liquid. 
When the sample has been transferred 
to the sample container, both the drum 
and the sample container shall be closed 
at once. 

(/) When sampling containers such as 
cans of S-gal. capacity or other small con- 
tainers with the dipper type sampler 
(Fig. 2), the sampler shall be manipu- 
lated as in sampling drums or barrels. 
When using the vacuum type sampler 
(Fig. 3) the length of stem below the 
stopper shall be so adjusted that air 
bubbles are entrained as the sample is 
being drawn. This insures inclusion of 
a portion of the “surface layer.” When 
the sample has been taken, the liquid 
container and the sample container shall 
be closed at once. 

(g) Tank cars of liquid shall be sam- 
pled by means of a swpkt of the type 


shown in Fig. 1. Both top and bottom 
samples shall be taken,., as, follows: .' ., ... 

(1) In taking a. top samp.ie the. upper 

. valve head shall be so adj.usted on . the, 
.threaded shaft that it is held about- 
Jin. above the top of the sampler. 
The sampler shall be lowered into the 
liquid so that the top is approximately 
Jin. below the liquid surface. -The 
sample shall be transferred to- the 
sample container by lifting the valve 
stem and so opening the lovrer valve. 

(2) In taking a bottom sample the 
upper valve head shall be screwed 
down upon the collar in which position 
both valves remain closed until the 
stem is lifted. Displacement of air 
through the top valve largely prevents 
inflow of liquid through the top valve 
so that the sample is essentially a 
bottom sample. The sample con- 
tainer shall be stoppered immediately 
after it has been filled. 

(h) When samples are being taken 
from different sources, precautions shall 
be taken to clean the sampler so as to 
prevent possible contamination of 
samples. 

(i) Samples in either dark-glass or 
clear-glass bottles shall be stored in the 
dark. 

Procedure for Sampling Liquids in 
Service 

8. ((j) It is recommended that 1 qt. 
of liquid be taken as a sample if com- 
plete physical and chemical tests are to 
be made and 1 pt. if only dielectric 
strength tests are to be made. Sample 
containers should not be completely 
filled, about 10 per cent of the volume 
being left for expansion. 

(6) The precautions outlined in Sec- 
tions 5 and 6 regarding the cleaning and 
storage of sampling apparatus and sam- 
ple containers shall be observed as far 
as pra^cticable.. 
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■ ' Note 1 .—As a precaution' against moisture 
absorption, unnecessary exposure of askarel 
to the atmosphere should be avoided. 

(c) Sample containers and sampling 
apparatus shall be rinsed with the liquid 
about to be sampled. 

(d) The sampling of askarel in service 
is complicated by the fact that samples 
for electrical tests must be taken at the 
top surface of the liquid while samples 
for sediment must be taken from 
the bottom. Many transformers are 
equipped with a speciaTsampling valve 
located just below the surface of the 
liquid . This valve terminates in a bent 
tube, open at the end, inside the trans- 
former. This tube may be rotated about 
the horizontal center line of the valve 
as an axis, by a control knob on the out- 
side of the transformer. The tube con- 
nects to an outlet on the outside of the 
transformer, the opening normally being 
capped. When not in use this tube is 
turned so that it points vertically up- 
ward. In this position the open end is 
above the surface of the liquid. 

To take a sample the outside cap shall 
be removed and the tube rotated to a 
horizontal position. With the tube held 
in this position, just enough liquid shall 
be drawn off to flush the tube. This 
shall not be drawn into the sampling 
container. After the flushing, the tube 
shall be returned to the vertical position 
and the sample container substituted for 
the receptacle used for flushing. With 
the sample container held under the out- 
let, the tube shall then be turned until 
liquid just begins to flow freely through 
the tube. The tube shall be held in this 
position until a sufficient sample has 
been withdrawn; it shall then be re- 
turned to the vertical position. 

Note 2. — ^In humid weather it is advisable 
to attach a metal fitting (cleaned as specified in 
Section 5) to extend from the valve into the 
sample container to prevent contamination of 
the sample by atmospheric moisture. 

(e) Apparatus not equipped with 
special sampling valves may be sampled 


either by means of the dipper type 
sampler (Fig. ' 2) or the vacuum type 
sampler (Fig. 3). In using the vacuum 
type sampler, the end of the tube in the 
transformer shall be so adjusted that 
air bubbles are entrained as the sample 
is being drawn. 

(/) Samples in either dark-glass or 
clear-glass bottles shall be stored in the 
dark. 

Specific Gravity 

Definition 

9. The specific gravity of askarels is 
the ratio of the weight of a given volume 
of the material at a temperature of 60 F. 
(15.56 C.) to the weight of an equal 
volume of distilled water at the same 
temperature, both weights being cor- 
rected for the bouyancy of air. 

Apparatus 

10. (a) Hydrometer , — A hydrometer of 
the conventional floating glass type, 
calibrated in terms of specific gravity 
shall be used. The range of the instru- 
ment shall be any suitable portion of the 
interval between 1.0000 and 2.0000, with 
the scale divided in 0.001 of a unit of 
specific gravity, and the scale divisions 
spaced not less than 0.75 mm. (0.03 in.) 
nor more than 1.5 mm. (0.06 in.) apart. 
The scale shall be so marked that it can 

'be easily read, and the accuracy of the 
calibration of the hydrometer shall be 
such that the error at any point of the 
scale shall not exceed 0.0005. 

(5) Hydrometer Cylinder re- 

ceptacle in which the liquid is tested 
shall be a cylinder made of clear glass. 
The inside diameter of the cylinder shall 
be at least 2.54 cm. (1.0 in.) greater than 
the outside diameter of the hydrometer 
and the height of the cylinder shall be 
such that the column of liquid under 
test exceeds by at least 2.54 cm. (1.0 in.) 
the submerged portion of the hydrometer 
after a state of equilibrium has been 
reached. 

(c) An A,S,T,M. ther- 
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mometer of the total immersion type and 
: Gonforming. ' to the requirements pre- 
scribed in the Standard Specifications for 
A.S.T.M. Thermometers (A.S.T.M. De- 
signation: E l),® shall be used in taking 
the temperature of the liquid under test. 

(d) Temperature-Control Apparatus . — 
Suitable apparatus shall be provided for 
controlling the temperature of the liquid 
under test to 60 dz 1 F (15.56 ± 0.56 C.). 
This may consist of a liquid bath, into 
which the hydrometer cylinder is placed, 
or a conditioning chamber in which 
temperature-controlled air is the regu- 
lating medium. 

Procedure 

11. {a) The measurement of specific 
gravity shall be made at a temperature 
of 60F. (15.56 C,). The sample to be 
tested shall be poured into the clean 
hydrometer cylinder without splashing, 
so as to avoid, as much as possible, the 
formation of air bubbles. If air bubbles 
are formed, they shall be removed after 
they have collected on the surface by 
touching them with a piece of clean 
blotting or filter paper before the hy- 
drometer is placed in the sample. The 
hydrometer and thermometer shall then 
be placed in the liquid and the cylinder 
placed in the conditioning medium and 
kept there until the required temperature 
of sample as indicated by the thermom- 
eter, is reached. An occasional gentle 
stirring will facilitate reaching the desired 
temperature. If a liquid bath is used, 
the apparatus should be set up in a 
location as free from air currents as 
possible. If an air conditioning chamber 
is used, any fans used for air circulation 
shall be shut off as soon as the test 
temperature is reached, so that dis- 
turbance from air currents will be 
minimized.', ' V 

(6) When the liquid under test has 
reached the test temperature, the hy- 
drometer shall be raised slightly and the 
stem carefully wiped clean, after which 
it s}ia-ll be lowered slowly into the sample 


to a level of two smallest scale divisions: 
below that at which it will float, and 
shall then be released. When the hy- 
drometer has come to rest, floating 
freely away from the walls of the^ cylin- 
der, the specific gravity shallbe read and 
recorded. In the case of transparent 
liquids, the hydrometer shall be read 
with the eye at the level of the surface 
of the liquid and at the point where the 
bottom of the meniscus of the liquid 
intersects the hydrometer scale. In 
the case of nontransparent liquids, the 
hydrometer shall be read at the highest 
point on the scale to which the liquid 
rises. This reading shall then be cor- 
rected by an amount equal to the height 
to which the liquid rises on the hydro- 
meter scale above the main surface of 
the sample. 

{c) The thermometer in the sample 
shall be read immediately after the 
specific gravity is determined. 

Reproducibility of Results 

12. {a) Duplicate determinations 
shall agree within 0.001 unit of specific 
gravity when the same hydrometer and 
thermometer are used in the tests. 

{h) Separate laboratories using differ- 
ent hydrometers and thermometers 
should obtain duplicate results, agreeing 
within 0.002 unit of specific gravity. 

Color 

Preparation of Reference Standards 

13. (a) Dissolve 1.245 g. of potas- 
sium chloroplatinate (K 2 PtCl 6 ) contain- 
ing 0.5 g. of platinum, and 1 g. of crys- 
tallized cobaltous chloride (CoCh'dHsO) 
containing about 0.25 g. of cobalt in 
water with 100 ml. of HCl (sp. gr. 1.18). 
Dilute to 1 liter with distilled water. 
This solution has a color of 500. 

(6) To prepare reference standards 
having colors of 5, 10, 15, 20, 25, 30, 
35, etc., dilute 0.5, 1.0, 1.5 ml, etc., of 
the solution prepared as described in 
Paragraph (a-) with distilled water to 
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SO ml in 50-mi tail-form Nessler tubes. 
Protect the ^ reference standards .from 
evaporation , when not in use . 

(c) The unit of color is that color pro- 
duced by 1 mg. of platinum per liter. 

Procedure 

14. (u) The color of the sample shall 
be observed by filling a matched Nessler 
tube to a height ' equal to, that in the 
reference standard tubes with the liquid 
to be examined and comparing it with 
the reference standards. The deter- 
mination shaE' be made by; looking ver- 
tically downward through the tubes upon 
a white or mirrored surface placed at 
such an angle that light is reflected 
through the columns of liquids. 

{b) This method is good only up to a 
color intensity of about 100. For read- 
ing higher values the sample should be 
diluted with water-white benzol and the 
color obtained by multiplying by the 
dilution ratio. 

Recording Colors ■ 

1 5 . Colors between 1 and 100 shall 
be recorded to ' the ' nearest' 5. Colors' 
between 101 and 300 shall be recorded 
to the nearest 10. Colors above 300 
shall be recorded in accordance with the 
Tentative Method of Test for Color of 
Lubricating Oil ■ and Petrolatum by 
Means of A.S.T.M. Union Colorimeter 
(A.S.T.M. Designation: D 155).^ 

Viscosity'': 

Procedure ■ 

16. Viscosity shall be determined in 
accordance with either the Standard 
Method of Test for Viscosity by Means 
of the Saybolt Viscosimeter (A.S.T.M. 
Designation: D 88)^ or the Tentative 
Method of Test for Kinematic Viscosity 
(A.S.T.M. Designation; D 445)'^ and, 
unless otherwise specified, at a tempera- 
ture of 37.8 C. (100 F.). 

< 1946 Book of A.S.TJWL. Standards, Part III-A. 


■ ■ . Fire Point 

Procedure' / 

■ 17, Askarels ' as ' such have no' fire 
point. ' As a test for appreciable con- 
tamination by flammable liquids the 
lack of a fire point shall be verified' in 
accordance with the Standard Method 
of Test for Flash and Fire ' Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92).^ The verification tem- 
perature shall be 200 C. (392 F.). 

■' Pour .Point, 

Procedure 

18. Pour point ..shall be determined, 
in accordance with the Standard Method , 
of, .Test for Cloud, and ^ .Pour Points 
(A.S.T.M, ' Designation: D 97).^, 

Neutralization Number ' 
Procedure 

■ 19. Neutralization,, number shall be 
determined in accordance with the. Ten- 
tative Method of Test for Acid and Base 
Numbers of Petroleum Products, by Color- 
Indicator Titration'^ (xA.S:.T..M. Designa- 
tion: D 663).^ 'Neutralization number 
may also be determined in accordance with 
the Tentative . Method of Test for Acid 
and BaseNumbers of Pe.troleiim Products 
■ by Ele'ctrom,etric ; Titration, (A.S.T.M. 
Designation:, D 664)** if it is desired to 
.use an. electrometric titration method. 


, Free Chlorides ■ , 

Nature, .of Test '. 

20. This method applies to the quan- 
titative determination of the free chlo- 
rides in askarels. 

Extraction of Chlorides 

21. {a) A 50-mL sample of askarels 
shall be heated to 90 to 100 C. (194 to 
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212 FOr placed in a ^ chemically clean 
100-ml. separatory funnel and extracted 
with two "portions of hot (90 to 95 C. 
(194 to 203 F.)) chloride-free distilled 
water. The totaT weight of water shall 
be equal to that of the 50 ml. of askarel 
tested. ■ The first extraction shall be 
made using approximate!}^ two thirds of 
the water. The second extraction shall 
be made using the remaining one third 
of the water. 

(5) Extraction shall be made by stop- 
pering the funnel and shaking the askarel- 
water mixture vigorously for a minimum 
of 20 sec. After allowing to settle, the 
water extracts shall be separated into a 
clean centrifuge flask. The first and 
second extracts shall then be combined 
and mixed thoroughly. 

(c) The combined water extracts shall 
be centrifuged until the water shows a 
negative Tyndall beam effect. 

Apparatus 

22. (^) Burette . — A lO-ml. burette 
graduated in subdivisions not greater 
than ml. 

(J) Evaporating Dish . — ^A clean white 
porcelain evaporating dish of at least 
ISO-mL capacity. 

Reagents ■ 

23. (a) Standard Sodium Chloride So- 
lution . — Dissolve 0.824 g, of pure fused 
sodium chloride in distilled water and 
make up to 1 liter. Dilute 100 ml. of 
this solution to 1 liter. One milliliter 
of this dilute solution contains 0.05 mg. 
of chloride radicle. D stilled water shall 
be chlorine free. 

(6) Standard Silver Nitrate Solution . — 
Dissolve about 0,24 g, of silver nitrate 
crystals- in 1 liter of distilled water. 
Titrate . against the above standard 
sodium chloride and adjust silver nitrate 
solution so that 1 ml. will be exactly 
equivalent to 0.05 mg. of chloride 
radicle. 

(c) Potassium Chromate Indicator.— 


Dissolve 50 ' g. of neutral potassium 
chromate in a little ffistilled water." Add 
silver nitrate to produce a ' slight red 
precipitate. After a day: or two, filter ' 
and dilute the filtrate to 1 liter with 
distilled water. 

Procedure 

24. Prepare a solution for the purpose 
of color reference by adding 1 ■ ml. of 
chromate indicator to 50 ml. of distilled 
water in a clean evaporating dish, and 
titrate with the standard silver nitrate, 
adding the solution drop-by-drop while 
stirring constantly until a very slight 
reddish tinge, when compared with the 
reference standard, is produced that will 
persist for several minutes. The end 
point is very sharp if the test is per- 
formed in a darkened room provided 
with a yellow light. 

Note. — In case the chloride content is less 
than 5 ppm. a large amount of askarel should be 
treated to give 100 ml. of water extract for test 
and the proper factor applied. 

Report 

25. The chloride content shall be 
reported in parts per million which is 
numerically equal to the milliliters of 
silver nitrate used in the test. 

Arc-Formed Gases - 
Apparatus 

26. The apparatus shall consist of the 
following: 

{a) Glass Container. — A glass con- 
tainer of not less than 2~oz. capacity, 
fitted with suitable electrodes and outlet 
for gases. 

(5) G/aw Tube. — Glass tube filled 
with lightly-packed glass wool for re- 
moval of carbon particles from gases of 
decomposition. 

(c) Graduated .-—Graduated 

container for collection of gases by dis- 
placement of a suitable liquid. 

(d) Gas Apparatus —An,: Orsat or 
Burrell apparatus for analysis of the 
gases. 


614 


Methods of Testing ■ Askarels (D 9G1 “ 46 T) 


Procedure , 

27. : (^)' Any convenient glass vessel 
fitted with electrodes may be used. A 
suitable set-up has been made using for 
the sample holder a 2-oz. screw-cap type 
bottle fitted with a rubber stopper with 
two brass electrodes (I to |-in, rod) 
and a glass tube outlet for the gases. 
x\rc-formed gases shall be led (in series 
with the glass wool filter) to the gas 
collection and measuring burette. After 
clamping in place, the vessel shall be 
filled to three fourths of its capacity 
with the liquid to be arced. 

(b) Electric current (110 v.d.c.) shall 
then be connected externally to the elec- 
trodes. The line should contain a re- 
sistance of 4 to 5 ohms. Arcing shall 
be carried out by manual make-and- 
break of the electrodes in the liquid. 
The external portion of the electrodes 
should be insulated. 

(r) Analysis of the sample for carbon 
dioxide, unsaturated hydrocarbons, oxy- 
gen, carbon monoxide, saturated hydro- 
carbons, and hydrogen shall be carried 
out in the usual manner. 

(d) The gas shall first be collected 
over trichlorbenzene or carbon tetra- 
chloride which has been saturated with 
hydrogen chloride gas. The first ab- 
sorption pipette of the gas analyzer shall 
then be filled with water and the halogen- 
containing gas determined by the per- 
centage of gas absorbed at this stage. 
The residue shall then be submitted to 
the regular analysis for the gases pre- 
viously mentioned. In order that no 
combustible gases may pass undetected, 
the explosion test for hydrogen and the 
saturated hydrocarbons should be car- 
ried out with oxygen. 

Precautions 

28. (a) Before collecting gases for 
analysis, the connecting tubing of the 
apparatus shall be flushed out using a 


total of not less than 100 ml. of the arc- 
formed gases. 

(b) Check tests shall be made on fresh 
samples of the liquid. 

Refractive Index , ' 

Apparatus 

29. The apparatus shall consist of the 
following: 

(a) Ref ractometer.— An Abbe refrac- 
tometer with scale graduated directly in 
terms of refractive index of the D line of 
sodium at a temperature of 20 C. 

(b) Water Supply. — A water supply 
which may be varied as to temperature. 

Procedure # 

30. {a) The refractometer shall be 
placed in front of a suitable source of 
light (either daylight or electric light), 
the thermometer inserted and circulation 
of water adjusted so as to bring the 
prisms to the desired temperature (usu- 
ally 20 C.). A drop of the liquid to be 
tested shall then be spread upon the 
upper prism after which the lower prism 
shall be turned over and clamped. The 
mirror shall then be adjusted so that the 
light enters the telescope. The eye- 
piece shall be focussed on the cross- 
hairs and the reading lens on the scale. 
Upon moving the prism arm, a position 
can now be found where the lower part 
of the field is dark and the upper part 
light. In general, the border line will 
be colored and this is corrected by turn- 
ing the milled head on the right of the 
telescope so that a sharp black and white 
edge is obtained. The prism arm is 
now moved until this black edge just 
crosses the intersection of the cross- 
hairs. The refractive index shall then 
be read ofi on the scale, the fourth deci- 
mal place being estimated. 

{h) The accuracy of the instrument 
may be checked by a small test plate of 
known refractive index which is sup- 
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plied with the ref lactometer. This test 
plate, shall be attached to the upper- 
prism with a liquid of high refractive 
index (usually mono-brom naphthalene). 
Errors may be corrected by means of a 
small adjusting screw on the back of the 
telescope. 

Dielectric Strength 

Note. — A method for determining dielectric 
strength of askarels is in preparation by the 
committee. Meanwhile, reference should be 


made to the method of test for liquid dielectrics 
in the Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Materials 
at Commercial Power Frequencies (A.S.T.M. 
Designation: D 149).^ 

Power Factor 

Note. — A method for determining power 
factor of askarels is in preparation by the com- 
mittee. Meanwhile, reference should be made 
to the method of test for liquids in the Tentative 
Methods of Test for Power Factor and Dielectric 
Constant of Electrical Insulating Materials 
(A.S.T.M, Designation: D 150).® 



Tentative Method of Test for 

INORGANIC CHLORIDES AND SULFATES IN 
INSULATING OILS' 



A.S.T.M, Designation: D 878-46 T 
Issued, 1946.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for lise pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test is intended for 
the qualitative determination of inor- 
ganic chlorides and sulfates in electrical 
insulating oils. 

Note. — I t should be pointed out that if the 
strong acids, hydrochloric and sulfuric, are 
present, they will give positive results for 
chlorides and sulfates, respectively. 

Apparatus 

2. The apparatus shall consist of the 
following: 

id) Separatory Funnel^ 250 ml. 

(J) Beaker j 250 ml 
(£;) Test Tubes^ approximately 25 by 
150 mm. 

Reagents 

3. The following reagents are required: 
(a) Silver Nitrate Solution {10 per 

cent). 


^ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Accepted by the Society at annual meeting, June, 
1946. 


(J) Barium Chloride Solution {10 per 

cent), 

{c) Nitric Acid^ c,p, ($p, gr, 1,42), 

{d) Hydrochloric Acid, c.p, {sp, gr. 
1.18), 

Procedure 

4. {a) In the 250-mL separatory fun- 
nel, shake thoroughly 100 ml. of the oil 
with 75 ml of distilled water at 95 C, 
Allow to separate, then draw off the 
water layer into the 250-mL beaker. 

(J) Pour IS ml. of the separated water 
layer into a clean test tube, add a few 
drops of nitric acid (sp. gr. 1.42), and 
then add 5 ml of silver nitrate (10 per 
cent). The appearance of a white 
precipitate indicates the presence of 
chlorides. 

(<;) Pour a second portion of IS ml of 
the water into a clean test tube* Heat 
to the boiling point, add 5 drops of 
hydrochloric acid (sp. gr. 1.18), and then 
slowly add S ml of barium chloride 
(10 per cent). A white precipitate 
reveals the presence of sulfates.; 
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Tentative Method of Test for 

DIELECTRIC STRENGTH OF INSULATING OIL OF 
PETROLEUM ORIGIN' 



A.S.T.M. Designation: D 877 - 46 T 
Issued, 1946.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of testing electrical 
insulating oils applies to oil of petroleum 
origin for use in transformers, oil circuit 
breakers, and similar apparatus, as an 
insulating or cooling medium, or both. 

Apparatus 

2. {a) Transformer . — ^The desired test 
voltage may be most readily obtained by 
a step-up transformer energized from a 
variable low-voltage source. The trans- 
former and its controlling equipment 
shall be of such size and design that, with 
the test specimen in circuit, the crest 
factor (ratio of maximum to mean 
effective) of the test voltage shall not 
differ by more than plus or minus 5 per 
cent from that of a sinusoidal wave over 
the upper half of the range of test voltage. 
The crest factor may be checked by 
means of an oscillograph, or a sphere-gap 
or peak-reading voltmeter in conjunction 
with a rms. voltmeter. ' Where the wave- 
form cannot be determined conveniently, 

1 Under the standardization procedure of the Society , 
this method is under the jurisdiction of the A.S.T.M. 
Committee D“9 on Electricai Insuiating Materials. 

* Accepted by the Society at annual meeting, June, 
1946. 


a transformer having a rating of not less 
than 2 kva. shall be used. Tests shall 
be made at commercial power frequencies. 

I 

Note. — W hen a transformer is used at volt- 
ages lower than its full rating, the current drawn 
from the high voltage winding should not exceed 
the full-load full-voltage current rating. 

(b) Circuit Breaker . — The test trans- 
former circuit shall be protected by an 
automatic circuit-breaking device de- 
signed to open substantially instantane- 
ously on the current produced by 
breakdown of the test specimen. A 
prolonged flow of current at the time of 
breakdown causes carbonization of the 
liquid and pitting and heating of the 
electrodes, and thereby increases the 
work of electrode and test cup main- 
tenance, and time of testing. 

{c) V oltage Control . — ^The rate of volt- 
age rise shall not, for short-time tests, 
vary more than plus or minus 25 per 
cent from the specified rate. Control of 
voltage may be secured in one of several 
ways: 

(1) variable-ratio auto-transformer, 

(2) resistance-potential divider, 

(J) generator-field regulation, 
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(4) induction regulator, or ■ 

(5) adjustable resistance in the pri- 

' ; mary circuit.; 

Preference should be given to equipment 
having an approximately straight-line 
voltage-time curve over the desired 
operating range. Motor drive, with 
variable speed control, should be pre- 
ferred to manual drive because of the 
difficulty of maintaining a reasonably 
uniform rate of voltage rise with the 
latter. 

(d) Voltmeter . — The voltage shall be 
measured by an approved method which 
gives root-mean-square values, prefer- 
ably by means of: 

(i) A voltmeter connected to the 
secondary of a separate potential 
transformer, 

{2) An electro-static voltmeter in the 
high-voltage circuit, or 

(J) A voltmeter connected to a well- 
designed tertiary coil in the test 
transformer. 

A voltmeter connected to the low- 
voltage side of the testing transformer 
may be used only if the ratio of trans- 
formation does not change appreciably 
with load. 

{e) Rate of Rise of V oUage.—Th.e 
of voltage rise may be calculated from 
measurements of time required to raise 
the voltage between two prescribed 
values. When motor-driven regulating 
equipment is used, the speed-control 
rheostat may be calibrated in terms of 
voltage rise for any particular test 
transformer. 

Electrodes 

3. The electrodes shall be polished 
metal disks 1 in. in diameter with square 
edges, mounted with axes horizontal and 
coincident. 

Test Cup 

4, A special test cup with the elec- 
trodes rigidly mounted with their axes in 


a horizontal line shall be used. The test 
cup, should be of such design that no part 
of it is less than | in. from any part of 
the ' test , faces of the electrodes, when 
the latter are in the ; testing position. 
The total leakage and. charging current 
of the test cup, when filled with a good 
grade of insulating oil, shall be less than 
200 microamperes at 20 kv., 60 cycles. 
The test cup shall be made of a material 
of high dielectric strength, must be 
insoluble in, and unattacked by, any of 
the cleaning or test liquids, and non- 
absorbent to moisture, and the cleaning 
and test liquids. Wood is not a suitable 
material for the test cup. The top of the 
cup should be about IJ in. (33 mm.) 
above the top of the electrodes. 

Adjustment and Care of Electrodes and 

Test Cup 

S. (a) The electrodes and the test 
cup shall be wiped clean with dry, 
calendered tissue paper or with a clean, 
dry chamois skin. The spacing of the 
electrodes of the test cup shall be checked 
with a standard round gage having a 
diameter of 0.100 in. or flat steel ‘‘go” and 
“no-go” gages having thicknesses of 
0.0995 and 0.1005 in., respectively, and 
the electrodes locked in position. It is 
important to avoid touching the elec- 
trodes or the cleaned gage with the 
fingers or with portions of the tissue 
paper or chamois skin which have been in 
contact with the hands. The electrodes 
and cup shall then be rinsed with dry 
lead-free gasoline, Stoddard solvent, 
or dry, water-white kerosine until they 
are entirely clean. Care shall be taken 
not to touch the electrodes or the inside 
of the cup after cleaning, so as to avoid 
any possible contamination. After thor- 
oughly cleaning the test cup, it shall be 
filled with a sample of the cleaning fluid 
and voltage applied with unif orm increase 
at the rate of approximately 3 kv. per 
sec. (rms, value) until breakdown occurs. 



Test EOR Dielectric Strength of 'Insulating Oil (D 877 « 46 T) ' 619 


If the breakdown is not less than the 
established, value of the-oil being tested, 
the cup shall be considered in suitable 
coiiCL^f ion lor testing. If a lower value, is 
obtained, Che cup shall again be thor- 
oughly cleaned and the test repeated. 
A cleaning fluid whose breakdown is not 
less than the established value of the oil 
being tested must be used. 

(b) At the beginning of each day^s 
testing, the electrodes shall be examined 
for pitting and carbon accumulation, and 
the spacing checked. The cup shall be 
thoroughly cleaned and tested as de- 
scribed in Paragraph (a). It shall then 
be flushed with a portion of the sample to 
be tested before it is Allied for the test. 

(c) If the test of a sample is below the 
breakdown value being used by the 
operator as a minimum satisfactory 
value, the cup shall be cleaned and 
prepared as described in Paragraph {a) 
before testing the next sample. 

Note. — Evaporation of the cleaning fluid 
from the electrodes may chill them suflSciently 
to cause moisture to condense on their surfaces. 
For this reason, after the final rinsing with clean- 
ing fluid, the cup must immediately be flushed 
with the oil to be tested, following which the 
cup should be filled for the test. 

Procedure 

6. (ii) Preparation of Sample .- — ^The 
dielectric strength of liquid dielectrics 
may be markedly altered by the migra- 
tion of impurities through the liquid. In 
order that representative test specimens 
may be obtained, the container shall be 
gently tilted or inverted and the oil 
swirled several times before each filling 
of the test cup, in such a way that any 
impurities present will be thoroughly 
mixed with the dielectric. Too rapid 
agitation is undesirable, as it introduces 
an excessive amount of air into the 
mixture, immediately after mixing, the 
test cup shall be filled with oil to a height 
of not less than 20 mm. (0.787 in.) 


above the top of the electrodes. In 
order that entrapped air may escape, the 
container shall be gently rocked a few 
times and the oil allowed to stand in the 
cup. for 3 min. before voltage is applied. 

(])) TempCfaUire of Test— The tem- 
perature of the sample whi-n tested shall 
be the same as that of the room, but the 
room temperature shall in no case be leas, 
than 20 C. (68 F.). Testing at oil 
temperatures lower than room tempera- 
tures is likely to give variable results 
which may be misleading. 

(c) Application of Voltage,— ^oliKge 
shall be applied and increased at a uni- 
form rate of 3 kv. per sec. from zero until 
breakdown occurs as indicated by a 
continuous discharge across the gap. 
(Occasional momentary discharges which 
do not result in a permanent arc may 
occur; these should be disregarded.) 

Number of Tests 

7. {a) Except as specified in Para- 
graph (6), one breakdown test shall be 
made on each of five fillings of the test 
cup. If the average deviation from the 
mean exceeds 10 per cent or if any indi- 
vidual test deviates more than 25 per 
cent from the average, additional tests 
shall be made. The dielectric strength 
shall be determined by averaging the 
first five tests that conform to the allow- 
able variations. 

(p) When oil is tested in considerable 
quantity, so that the time required for 
testing in accordance with Paragraph {d) 
is excessive, and when it is merely 
desired to determine whether the break- 
down safely exceeds the limit specified, 
or in those cases where the amount of oil 
available for test may be very limited, 
one breakdown test shall be made on 
each of two fillings of the test cup. If 
neither breakdown is below this value, 
the oil may be considered satisfactory and 
no further tests shall be required. If 
either of the two breakdowns is less than 
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the specified, value a breakdown, shall be 
made on each of three additional fillings 
and test xesnlts' analyzed in accordance 
with Paragraph (a), ■ 

Report ■ ' ■" 

8. The report the fol- 

lowing: 


(1) Procedure used, ■ whether Para- 
graph (a) or (6), Section 7« 

(2) The volts (rms. value) at each 
breakdown, and the average of the 
breakdowns. All results shall be re- 
ported to the nearest kilo,s^<?it* 

(3) The approximate" temperature of 

llie oil at the time of the test. 



Tentative Methods of Test for 
GAS CONTENT OF INSULATING OILS^ 


A.S.T.M. Designation : D 83 1 - 45 T 
Issued, 1945.® 

These Tentative Methods have been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. These methods of test are intended 
for determining the gas content of elec- 
trical insulating oils of low viscosities of 
the general order of 100 sec. Saybolt Uni- 
versal at 100 F., such as are used in 
capacitors and paper insulated lead- 
covered electric cables of the oil-filled 
type. The determination of gas content 
is desirable for any insulating oil of these 
properties intended for use in a degassed 
state. Two methods are covered: a 
routine method, and a referee method for 
use when a test of high accuracy is de- 
sired (see Explanatory Note). 

Routine Methoi) 

Nature of Test 

2. The routine method consists essen- 
tially of feeding the oil into an evacuated 
chamber in such a manner that the oil is 
thoroughly exposed to the vacuum, al- 
lowing free escape of any dissolved gas. 
From the volume of oil admitted to the 
chamber, the temperature, the pressure 
produced, and volume occupied by the 
released ' gas, the . gas 'volume under 
standard ' conditions-, . of - pressure , and 

1 Under the standardization i)rocedure of the Society, 
these methods are nnder the jurisdiction of the A.S.TJU. 

Committee D-9 on Eiectricai Insulating Materials. 

2 Accepted by Committee E-10 on Standards, June 27, 
194S. 


temperature may be calculated as a 
percentage by volume of oil. 

Sampling 

3. (a) When convenient, the degassing 
chamber of the measuring equipment 
shall be connected directly to the con- 
tainer from which the oil is to be sam- 
pled. This is usually not convenient 
and is often iinpossible. The method of 
sampling described in Paragraph (5) 
is recommended as an alternate (Note). 

Note. — This sampling method has been in 
use by two laboratories for many years. 

(6) The sample container shown in 
Fig. 1 shall consist of a stainless steel 
cylinder 2J in. in inside diameter and 9| 
in. in length, closed at the bottom. An 
aluminum piston shall be inserted in the 
bore of the cylinder accurately machined 
for an easy sliding fit. Two nipples, 
diametrically opposed, shall be inserted 
at the extreme bottom of the cylinder. 
Each nipple shall have a screw plug at the 
end with a gasket for sealing. All con- 
nections to the measuring equipment 
from the sample container should be of 
glass or metal tubing. Butted joints 
connected by short sections of heavy- 
walled rubber tubing may be used pro- 
vided the tubing is thoroughly coated 
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with suitable sealing compound. All- 
samples. shall be, taken under slight oil 
pressure, with the following sequence of 
operations: Push the piston to the ex- 
treme bottom of the cylinder. Remove 
plugs from both nipples. Hold the 
cylinder so that the nipples point in a 
vertical direction. ' By means of a rub- 
ber tube connection, force oil in through 
the nipple in the lowest position and 
flush a few milliliters out the opposite 
nipple to remove any trapped air bub- 



Note. — The aluminum piston shall have a diametrical 
clearance of 0.0005 to 0.0010 in. 

Fig. 1. — Apparatus for Sampling Oils for 
Determination of Gas Content. 

bles. Then insert the plug in the outlet 
nipple and allow oil to push the piston 
up to fill the cylinder. Hold the pis- 
ton at the top of the cylinder with one 
hand and plug the inlet nipple. The 
aluminum piston ^‘floats’’ on the oil 
as the level varies, due to tempera- 
ture changes or removal of test samples 
and prevents contamination by absorp- 
tion and diffusion. The piston shall be 
accurately fitted to move down freely 
with decreasing oil level to prevent voids 
forming under the piston which would 


allow rapid absorption of air by the top 
oil. ■ When drawing the' test sample 
continuously from the cylinder, it is advis- 
able to weight the piston to insure main- 
tenance of contact with the oil. Wide 
variations in the results are possible in 
two samples from the same source unless 
the greatest care is taken in the sampling 



Fig. 2. — Apparatus for Routine Determination 
of Gas Content of Insulating Oil. 

procedure. This phase of the test is so 
involved with the details of what consti- 
tutes correct practice that ability to 
procure consistent representative sam- 
ples depends, to a great extent, on wide 
experience. The chief precaution to 
insure procurement of representative 
samples involves a complete flushing of 
all piping and hose between the sample 



Test FOR Gas Content of Insulating Oitg (f) - 45 T) 


623 ' 


container ; and sample source, such as 
pothead, joint, cable, oil reservoir, etc., 
immediately preceding collection of , the 
sample. All long pipe lines should be 
eliminated where possible. After taking 
the sample, it is very important to see 
'that the piston always remains in contact 
with' the oil prior to and during with- 
drawal of the test specimen. 

Apparatus ' 

4. The apparatus, shown in Fig. 2, 
shall consist of the following: 

{a) Degassing Chamber. — Degassing 
chamber, A, made of heat-resistant glass® 
(with calibrated oil well at bottom), hav- 
ing fixed total space volume of about 175 
ml. The oil well shall have a maximum 
capacity of SO ml. and shall be calibrated 
in 0.2-mL divisions. 

(6) Stopcocks. — Glass stopcocks B, C, 
/, jS, and L, which shall have large 
diameter barrels and a mirror finish to 
insure against leakage. Stopcock grease^ 
shall be used on all stopcocks and ground- 
glass joints. 

(c) Pipette. — Glass pipette or '^atom- 
izer’’, Z>, placed to drop oil on side of de- 
gassing chamber. 

{d) Pressure Gage. — Pressure gage., E, 
of modified McLeod type marked for 
two scale factors, 50 to 1 and 20 to 1. 
This will provide ranges sufficient for 
most testing. If a higher pressure range 
Is desired, a separate complete equip- 
ment using an absolute mercury manom- 
eter in place of the McLeod gage may 
be used. 

(e) Oil Traps.— T^o oil traps, Fi and 
F2^ 

(f) Thermometer, T. 

(g) Spirit level, E, normal to 
the vertical axes of mercury columns. 

{h) Mercury Well, I. 

Calibration of Apparatus 

5. Calibration and conditioning of the 
apparatus is often done by the manu- 

8 pyrex glass is satisfactory for tMs purpose. 

^ A stopcock grease equivalent to No. 15S21A Vacu^ 

Sealing Compound, Central Scientific Co., Chicago, III,, 
has been found satisfactory for this purpose. 


facturer. If this . has not, been done, 'or;; 
if- a check is desired, the' foUov/ing: pro- ,, 
cedure may be used: 

(a) Clean the glass assembly with :a 
cleaning solution, , wash with distilled 
water, and dry. Weigh the empty, 
tester with slight film of grease on the 
stopcocks. Record weight in grams as. 
W. Fill with distilled water and weigh. 
Record weight in grams as R. The dif- 
ference between W and R is the volume 
of the tester in milliliters. Correction 
for temperature of water may be made, 
but is an unnecessary refinement. 

(b) Empty and thoroughly dry equip- 
ment in oven. Pour the mercury for the 
McLeod gage into the mercury well, 
grease the stopcocks and ground-glass 
joints and assemble the apparatus. At- 
tach to the mounting board (with spirit 
level horizontal) and align with a plumb 
bob and line. 

Procedure 

6. (a) Sample and apparatus should 
be at room temperature (20 to 30 C.), 

(b) Evacuate the degassing chamber 
with stopcock B closed and stopcock C 
open. 

Note. — ^These stopcocks must be accurately 
ground and kept well greased to prevent leaks. 

(c) When the McLeod gage reading is 
reasonably constant and less than 0.1 
mm. (absolute pressure) close stopcock 
C for about IS min, to test for any leaks. 
No observable pressure change should 
occur in this time. (Let vacuum pump 
run continuously to enhance seal of 
stopcock C.) 

(d) Flush oil slowly from sample 
through stopcocks B and C so as to 
thoroughly wash walls of glass tubing 
and to remove any trapped air bubbles 
in system above stopcock B. (About 
50 ml. of oil are commonly used for this 
flushing.) 

(e) Reevacuate the degassing cham- 
ber, close stopcock C and by careful 
manipulation of stopcock B feed oil 
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from the sample coutaiaer ' mto the de- 
gassing chamber at a very slow rate so 
that the, oil, fa.Us. in single, drops from' 
pipette D, ,',This rate will generally aver-' 
age 1 drop per second or less: The oil 
should show no appreciable tendency to 
bubble 'or foam after falling into' the oil 
well at the bottom of the degassing cham- 
ber. If this ■ occurs the rate of flow 
should be decreased.' ■ 

(f) When 25 ml. of oil have been de- 
gassedy close stopcock B and read the 
McLeod gage and thermometer. In read- 
ing the gage the mercury level shall be 
adjusted by manipulation of stopcocks 
J and K, 

(g) Empty the oil reservoir into the 
oil trap, and complete the evacuation 
of the degassing chamber for the next 
test. 

Calculation ' , 

7. The gas content shall be calculated 
as follows: 

_ 35.91(7 

(273 + *) r, 

where: 

G = gas content (at 760 mm. of mer- 
cury and 0 C.) expressed as a 
percentage by volume of oil, 

V = known total fixed volume of ap- 
paratus in milliliters, 

Fi = volume of oil in milliliters, 

Pi = initial pressure of gas in chamber, 
in millimeters of mercury, 

P 2 = final pressure of gas in chamber, in 
millimeters of mercury, 
t “ temperature of chamber, in de- 
grees Centigrade. (The room 
temperature shall be read from 
thermometer, T.) 

Referee Method 
Nature of Test 

S. The referee method consists essen- 
tially of feeding the oil into an evacuated 


' chamber in.' such a manner' that' the oil 
is thoroughly ^exposed, to the vacuum, 
allowing free, escape of any dissolved gas. 
From the volume of oil admitted to the 
chamber, the temperature, the pressure 
produced, and the volume occupied by 
the released gas, the gas volume under 
standard ■ conditions of pressure and 
temperature may be calculated as a 
percentage by volume of oil. 

Sampling 

9. The oil shall be sampled '' as de- 
scribed in Section 3. 

Apparatus 

10. The apparatus, shown in Fig. 3, 
shall consist of the following : 

(a) Degassing Chamber. — ^Degassing 
chamber, made of heat-resistant glass® 
(with calibrated oil well at bottom), 
having fixed total space volume of about 
175 ml. The oil well shall have a maxi- 
mum capacity of SO ml, and shall be 
calibrated in 0.2-mL divisions, 

{b) Stopcocks. — Glass stopcocks, P, Cj 
X, W, which shall have large di- 
ameter barrels and a mirror finish to 
insure against leakage. Stopcock grease^ 
shall be used on all stopcocks and ground- 
glass joints. 

{c) Pipette.— G[di.ss pipette or ^‘atom- 
izer,’* Z>, placed to drop oil on side of 
degassing chamber. 

(d) Pressure Gage. — Pressure gage, E, 
of modified McLeod type marked for 
two scale factors, SO to 1 and 20 to 1. 
This will provide ranges sufficient for 
most testing. If a higher pressure range 
is desired, a separate complete equip- 
ment using an absolute mercury manom- 
eter in place of the McLeod gage maybe 
used for the high pressures. 

{e) Oil Traps. — ^Two oil traps, Fi and 

(/) Thermometer^ T. 

(gY Level. — Spirit level, Xf, normal to 
the vertical axes of mercury columns. 

(k) Mercury Welly l^ 

(i) Cold Trapy J. 
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' Oven— An oven, enclosing the (a) Clean the glass assembly with a 

degassing chamber, -4, provided with cleaning solution, wash with distilled 
suitable means for reading, maintaining, water, and dry. Weigh the empty 
and regulating' temperature in a range tester, with a slight film of grease on the 
from 30 to 150 C. Temperature shall stopcocks, and record the weight in grams 
be measured by means of a thermo- - as IF. Fill with distilled water, weigh, and 
couple fastened to the oil chamber at the record the weight in grams as R. The 



Fig. 3.— Apparatus for Referee Determination of Gas Content of Insulating Oil. 


25-mL mark and suitably shielded to 
eliminate radiation errors. 

Calibratioii of Apparatus 

11. Calibration and conditioning of 
the apparatus is often done by the manu- 
facturer. If this has not been done,' or 
if a check is desired, the following pro- 
cedure may be used: 


difference between W and R is the vol- 
ume of the tester in milliliters. Cor- 
rection for temperature of water may be 
made, but is an unnecessary refinement. 

(6) Empty and thoroughly dry the 
equipment in an oven. Pour the mer- 
cury for the McLeod gage into the mer- 
cury well, grease the stopcocks and 
ground-glass joints and assemble the 
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apparatus. ■ Attach to the mounting, 
board (with spirit level horkontal) and 
align with a plimib bob and line. 

(c) Calculate as closely as possible the 
separate volumes of the degassing cham- 
beij ¥d, enclosed in the oven, and the 
section of the cold trap, F<, enclosed in 
the vacuum flask. 

Procedure ■ 

12. (a) Regulate the temperature of 
the oven to 50 G. and make certain that 
it remains constant within plus or minus 
2 C. for at least 30 min. 

(b) Fill the vacuum flask surrounding 
the cold trap, /, with either liquid air or 
carbon dioxide snow, or equivalent. 

(c) The sample and apparatus shall be 
at room temperature (20 to 30 C.) with 
the exception of the parts mentioned 
under Paragraphs (a) and (b). 

(d) Evacuate the degassing chamber 
with stopcock B closed and stopcock C 
open. 

Note. — T hese stopcocks must be accurately 
ground and kept well greased to prevent leaks. 

(e) When the McLeod gage reading is 
reasonably constant and less than 0.1 
mm. (absolute pressure), close stopcock 
C for about 15 min. to test for any leaks. 
No observable pressure change should 
occur in this time, (Let vacuum pump 
run continuously to enhance seal of stop- 
cock C). 

(f) Flush oil slowly from the sample 
through stopcocks B and C so as to 
wash thoroughly the wails of the glass 
tubing and to remove any trapped air 
bubbles in the system above stopcock .B. 
(About 50 ml. of oil are commonly used 
for this flushing). 

(g) Reevacuate the degassing cham- 
ber, close stopcock C, and by careful 
manipulation of stopcock B feed oil 
from the sample container into the de- 
gassing chamber at a very slow rate so 


that the oil /falls in single drops from 
pipette D. This rate will generally 
average one drop per second or less. 
The oil should show no appreciable tend- 
ency to bubble or foam after falling into 
the oil well at the bottom of the degas- 
sing chamber. If this occurs, the rate of 
flow should be decreased. 

Qi) WTien 25 ml. of oil have been de- 
gassed, close stopcock B and read the 
McLeod gage, The temperature of the 
room and of the degassing chamber. 
The temperature of the cold trap U 
will be known and will depend, of course, 
upon the coolant used. (Temperature 
of liquid air is —194 C., and of carbon 
dioxide snow —78 G.). In reading the 
McLeod gage the mercury level shall be 
adjusted by manipulation of stopcocks 
X and if. 

{%) Empty the oil reservoir into the oil 
trap, and complete the evacuation of the 
degassing chamber for the next test. 

Calculation 

13. The gas content shall be calculated 
as follows: 

^ _ 35.9 r(F - F, ~ Vd (P2 - Pi) 

Vi L 273 + L 

, iV<i - V{)P2 - VdPi , VtiP2 - Pi)l 
273 4- ta ^ 273 + h J 

where : 

G == gas content (at 760 mm. of mer- 
cury and 0 C.) expressed as a 
percentage by volume of oil, 

V = known total fixed volume of appa- 
ratus in milliliters, 

Vi = volume of oil in milliliters, 

Vd= volume of degassing chamber in 
milliliters, 

Vt - volume of cold trap in milliliters, 
Pi = initial pressure of gas in chamber 
in millimeters of mercury, 

P 2 = final pressure of gas in chamber in 
millimeters of mercury, 
ta = ambient temperature ; in degrees 
Centigrade read on thermome- 
eter, T, , 
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5= temperature of degassing chamber. 
A in degrees Centigrade, and ' 

== tempe of cold trap in de- 

grees Centigrade. 


Note.: — ^The calculation may, appear to be 
tedious, but when the fixed volumes and tem- 
peratures are substituted in the formula, it will 
be found that it can be simplified considerably. 
Simplification will also be aided if Pi can be 
made low enough to be negligible. 


Explanatory Note 


NoTE.—There are several possible sources of 
•error in the routine method but due to the con- 
venience in making the test by this procedure, 
and the simplicity and portability of the test 
equipment this method is considered satisfactory 
for routine tests. The possible errors due to 
accuracy of readings are relatively small for 
norma! ranges of gas content. 

Consider the case of an oil with 0.10 per 
cent gas. For normal procedure, values of 
initial pressure and end point would be 0.100 
and 0.255 mm. of mercury, respectively. This 
pressure increase would be developed by 25 ml. 
of oil tested at 25 C. (in a degassing chamber of 
total fixed space volume of approximately 
175 ml.). 

Pressures can be read to plus or minus 
0.004 mm. of mercury. (This is equivalent to 
reading the mercury columns of the gage to 
plus or minus 0.20 mm. assuming a 50 to 1 
scale factor of the gage). Oil volume can be 
read to plus or minus 0.05 ml. 

Assuming errors in pressure and volume 
readings adding to give maximum deviation, 
the resultant error would be plus or minus 
0.0067 in 0.10 per cent, equivalent to a per- 
centage error of 6.7 per cent for gas contents of 
this low order. 

The above analysis also applies to the referee 
method. The only difference would be due to 
the different temperatures used and the correc- 
tion would be negligible. 

Attention, however, is called to the following 


possible errors present in this apparatus: It 
is well known that the McLeod gage gives correct 
pressure readings only for pure gases. If 
vapor is present, the gage will give entirely 
erroneous readings, due to the high-pressure 
ratios present between the two columns of 
mercury, and consequent condensation of vapor 
in the high-pressure side. This would cause the 
pressure reading to be low with a resultant low 
gas content determination. 

In the referee method this possibility of 
error is eliminated by the use of a cold trap to 
freeze out any such vapors which may be re- 
moved from the oil. This also allows the use 
of a higher temperature in the degassing cham- 
ber, thereby lowering the viscosity of the oil 
under test and increasing the ease of removal of 
gas. 

Attention should also be called to the possi- 
bility of gas leakage through any rubber tubing 
which may be present in the sample supply line. 
This may occur in spite of positive oil pressure 
being maintained in this line, causing, of course, 
higher gas content of the sample. 

Also, unless sampling is done with extreme 
care by an experienced operator, an increase 
in the gas content of the sample may very easily 
occur, causing a liigh reading of gas content. 
Tests have also shown that all of the gas may 
not be entirely removed from the oil at room 
temperature. This error may amount to as 
much as 50 per cent, and, of course, results in 
low readings of gas content. 


Tentative Methods of Test for 


SLUDGE FORMATION IN MINERAL TRANSFORMER OIL^ 



A.S.T.M. Designation: D 670 - 42 T 
Issued, 1942.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St.; Philadelphia 3, Pa. 


Scope 

1. These methods of test are appli- 
cable in the evaluation of the sludge 
forming tendency in new, mineral trans- 
former oils (see Explanatory Note). 
Two methods are covered as follows: 

(a) Method A, the sludge accumula- 
tion test, is applicable to new, mineral 
transformer oils except those that have 
been ^'stabilized’’ by the addition of re- 
tarders, stabilizers, and negative cata- 
lysts. 

(b) Method B, the high-pressure oxi- 
dation test, is applicable to new, mineral 
transformer oils except the so-called 
highly refined, white oils of zero iodine 
value, and mineral oil containing re- 
tarders, stabilizers, and negative cata- 
iysts. 

Method A: Sludge Accumulation 
Test 

Nature of Test 

2. The sludge accumulation test for 
mineral transformer oil evaluates the 


i Under the standardization procedure of the Society* 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

* Accepted by the Society at annual meeting, June. 
1942. 


propensity of an oil to deposit an in- 
soluble sludge under definitely prescribed 
conditions of oxidation in the presence 
of a copper catalyst for 72, 168, and 336 
hr. The total evaluation of an oil 
includes consideration of the tendency 
of the oil to deposit sludge under rnilH 
oxidation (72 hr.) and the rate at which 
this sludge deposition increases as a 
result of more severe oxidation as the 
test is continued for 168 and 336 hr. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Aging (Oxidation) Bath.—Kn oil 
or wax bath of a suitable type capable 
of controlling the temperature at 120 
± 0.5 C. with a temperature gradient 
of less than 1 C. in the body of the oil 
or wax used. Circulation of the oil or 
wax heating medium such as by a pump 
or stirrer is recommended. 

(b) Drying rower.— A drying tube, 
10 to 12 in. (25 to 31 cm.) in height, fitted 
with a ground-glass stopper and side 
tubes for conditioning of the air supply. 
628 
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{c) Oil : Receptacle and Cover , — ^An oil 
receptacle consisting of a heat-resistant, 
glass test tube^ 25 mm. J outside diam- 
eter, 1.25 mm. in wall thickness, and 
150 mm. in length, with a capacity of 
50 ml., equipped with a loosely-fitting 
glass cover having a central hole to 
admit the air supply tube. 

(d) Gooch Crucible, — A porcelain 
Gooch ; crucible, , size No. 4, 3S-ml. 
capacity, equipped with a standard 
quantitative filter paper disk.'® 

{e) Copper Catalyst, — Commercial 
copper wire 0.040 in. (1.016 mm.) in 
diameter. 


A.S.T.M. Precipitation Naphtha 

4. A.S.T.M. precipitation naphtha® 
for dilution of the oxidized oil and pre- 
cipitation and washing of the sludge shall 
conform to the following requirements: 

T^t T irnit A.S.T.M. 

Designation" 

Gravity, deg. A.P.I. at 60 F. . . 70 to 73 D 287 

Aniline point. 58 to 60 C. D 611 

Initial boiling point not less than D 86 

122 F. (50 C.) 

SO per cent point 158 to 176 F. D 86 

70 to 80 C. 

End point not more than 

266 F. (130 C.) D 86 


"These designations refer to the following methods 
of the American Society for Testing Materials : 

Standard Method of Test for Gravity of Petroleum and 
Petroleum Products by Means of the Hydrometer 
(A.aT.M. Designation: D 287),« 

Tentative Method of Test for Aniline Point and Mixed 
Aniline Point of Petroleum Products (A.S.T.M. Desig- 
nation: D 611),® and 

Standard Method of Test lor Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86).® 


Preparation of Air Supply 

5. The oxidation of the oil shall be 
obtained by contact with room air 
conditioned as follows: 


® Pyrex glass is satisfactory for this purpose. 

4 A suitable quantitative filter paper disk may be ob- 
tained from Carl Schleicher & Schuell, designated as 
white ribbon.' 

® These requirements for precipitation naphtha are iden- 
tical with those prescribed in Section 4 of the Standard 
Method of Test for Precipitation Number of Lubricating 
Oils (A.S.T.M. Designation: D 91), see p. 257. 

« 1946 Book of A.S.T.M. Standards, Part III-A. 


(a) ■ Dry the air by forcing it through a 
solid, desiccant of high moisture absorb-: 
ing capacity.'^ Arrange the desiccant, 
in the drying tower to a depth of 8 to 

10 in. Change the desiccant frequently 
(Note). 

Note.— -Desiccants should not be used for a 
period longer than 1 week. 

(b) After passing the air through the 
drying tower, admit it directly to the 
receptacle containing the oil to be tested. 
Do not preheat the air. 

(c) Determine the rate of air supply 
with a flow meter, and adjust the flow to 
deliver the conditioned air at a rate of 
0,5 ± 0.1 liter per hour to each tube of 

011 being tested, 

(d) Rubber connections shall be elimi- 
nated as much as possible and when used, 
the rubber shall be at room temperature. 
No rubber connections shall be used in 
contact with the oil or wax of the heating 
bath or under conditions where the 
temperature of the rubber will be raised 
above room temperature. Where it is 
necessary to use rubber connections, 
only sulfur-free rubber is permissible. 

Preparation of Oil Receptacle 

6. Wash each oil receptacle thoroughly 
first with acetone, then with soap and 
water, and rinse in chromic acid solution. 
Wash each receptacle free from chromic 
acid using tap water, and finally rinse 
with distilled water. Dry in an air 
oven at 105 to 110 C, for at least 3 hr., 
cool to room temperature in a desiccator, 
and keep the receptacle in the desiccator 
until ready for use. 

Preparation of Copper Catalyst ,, 

7, (a) Immediately before use, polish 
the copper wire with No. 00 emery cloth 
or its equivalent and wipe free from 
abrasive with a clean dry cloth. 

(b) Wind a 12-in. (30.5-cm.) length 
of the polished wire into a helical coil 

7” Dehydrite Is a suitable desiccant for this purpose. 
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approximately 22 mm* in outside diam- 
eter\a'nd ' 2 ' in. (5.08" cm.) in length. 
Clean the coil thoroughly with c.p. 
ethyl ether, air-dry, and' insert im- 
mediately into the oil receptacle. Handle 
the clean copper coil only with tongs in 
order to avoid contamination. 

Preparations of Gooch Crucible 

8. (a) Cover the bottom of the Gooch 
crucible with the filter paper disk. 

(i) Prepare a slurry for the formation 
of the asbestos mat in the Gooch crucible 
by making a suspension of medium as- 
bestos fiber, Gooch grade, in the propor- 
tion of 20 g. of asbestos to 1 liter of 
distilled water. Pour the asbestos sus- 
pension into the Gooch crucible, tamp 
with a glass rod, and dry by suction. 
In this manner build up an asbestos mat 
to a depth of approximately ^ in. 
(1.59 mm.). Then pour into the cru- 
cible, without tamping, additional as- 
bestos suspension to build up the mat to 
a total thickness of approximately | in. 
(2.17 mm.) after drying by suction. 

(c) Place the prepared crucible in an 
air oven and dry at 105 to HOG. for 
15 to 24 hr., cool in a desiccator, and 
when needed, weigh to the nearest 

0.0001 g. 

Conditioning of Sample 

9. Filter by gravity the oil to be tested 
using a previously dried, acid-free filter 
paper to remove traces of sediment, 
fibers, and excess water. (Dry the 
filter paper for 1 hr. at 100 C. before 
using.) Discard the first 25 ml. of the 
oil filtrate. Carefully protect the filtrate 
during the filtration against dust and 
other contamination. 

Procedure 

10. (a) Prepare three copper catalysts 
as described in Section 7, insert one each 
in a clean, dry oil receptacle prepared 


as described in Section 6, and weigh td 
the nearest 0.0001 g. 

■ (5) Transfer, 25, ml of the conditioned 
oil sample into each of the three ' pre- 
pared oil receptacles by means of a clean, 
dry pipette. Protect the oil from con- 
tamination by atmospheric moisture and 
dust during the inten^al between the 
placing of the oil in' the receptacle and 
the actual start of the oxidation. Weigh 
each assembly containing the oil to the, 
nearest 0*0001 g. 

(c) Adjust the heating bath to main- 
tain a temperature of 120 =b 0.5 C* 
during the oxidation of the sample. 

Oxidation 

11. (a) Immerse the oil receptacle in 
the heating bath which has been adjusted 
to a temperature of 120 ± 0.5 C. Im- 
merse the oil receptacle in the bath to 
the extent that the surface of the heating 
bath will be slightly higher than the sur- 
face of the test oil in the receptacle. 
Insert through the holes in the recep- 
tacle cover, the clean, dry glass tubes 
through which the conditioned air is 
to be led into the oil receptacle. Adjust 
the tube covers and place the air supply 
tubes so that they are approximately 
I in. (1.3 cm.) above the oil level in the 
receptacle and start the air flow through 
the receptacle. The air shall not be 
bubbled through the oil. When more 
than one oil receptacle is fed from a 
single air supply line, adjust the air 
flow to each oil receptacle to a rate of 
0.5 zb 0.1 liter per hour. 

(^) Oxidize the three oil samples for 
periods of 72, 168, and 336 hr., respec- 
tively, under the carefully controlled 
conditions prescribed. 

Treatment of Oxidized Oil ■ 

12. (a) After the required period of 
oxidation, shut off the air supply and 
remove the oil receptacle and sample 
from the oxidizing bath. Cool for 
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1 hr. to room temperature in a dean dark able by suction and place in an air oven 
box or dark room, protecting the oil at 105 to 110 C. for 1 hr., cool to room 
sample from dust, moisture, or other temperature in a desiccator, and weigh 
contamination, and light. to the nearest 0.0001 g. 

(5) At the end of the cooling period, . 

remove the copper catalyst from the oil Calculation and Report 

receptacle and scrape off any sludge ad- 14. (a) Calculate the percentage of 
hering to the coil, returning the sludge total sludge in the oil as follows; 
to the oxidized oil in the receptacle. <■ f t i i 

Wash the copper-wire coil with the Sludge value = — X 100 
petroleum naphtha and transfer the ® “ 

washings to the oxidized oil in the re- Report the sludge value for each 

ceptacle. of the test periods of 72, 168, and 336 hr. 

(c) Transfer the oxidized oil and 

naphtha washings to a clean beaker and Method B : High-Pressure 

dilute to 200 ml. at room temperature Oxidation Test 

with the petroleum naphtha. Carefully ifature of Test 
stir the oil-naphtha mixture until the 

oil is completely dissolved, cover the high-pressure oxidation test 

beaker, and allow to stand for 1 hr. determines the “Bomb Sludge Value,” 
at a temperature of 25 ± 2 C. ^^lich is the percentage by weight of 

sludge formed after 24-hr. oxidation at 
Weighing of Sludge 140 C. under 250 psi. of oxygen pressure. 

13. (o) Transfer the oil-naphtha solu- 
tion to the prepared, dried, and weighed ppara us 

Gooch crucible. Also wash any sludge 16. The apparatus shall consist of 
adhering to the oil receptacle free from the following: 

oil with naphtha, dry and scrape free, (g) Aging {Oxidation) Bath . — ^An oil 
and transfer to the crucible by means of or wax bath of a suitable type capable 
a suitable brush. Determine the weight of controlling the temperature at 140 
of any sludge that cannot be removed ± 0.5 C, with a temperature gradient of 
from the oil receptacle from the differ- less than 1 C. in the body of the oil or 
ence in weight of the sludged receptacle wax used. Circulation of the oil or 
(cleaned to remove bath oil or wax, and wax heating medium such as by a pump 
dirt from the outside) and the weight of or stirrer is recommended. The heat 
the receptacle after cleaning free from source shall have sufficient capacity to 
sludge as described in Section 6. Add return the bath to the required tempera- 
the weight of the sludge remaining in ture within 30 min. after immersion of 
the receptacle to the weight of the sludge the cold bomb. 

in the Gooch crucible. {h) Bomb.— A pressure bomb of the 

(b) Wash the sludge in the Gooch type shown in Fig. 1, conforming to the 

crucible thoroughly with naphtha to dimensions prescribed in Fig. 2. The 
remove all traces of adhering oil. bomb shall be made of stainless steel. 
Normally three washes of 2S-ml. por- capable of withstanding with safety an 
tions each are sufficient. A drop of the internal pressure of 10,000 psi., and 
final naphtha washing should show no provided with a lead gasket for sealing, 
oil stain on the filter paper. (c) Oil Receptacle . — ^An oil receptacle 

(c) Dry the sludge in the Gooch cru- consisting of a heat-resisting, centrifuge- 
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t 3 ^e' Mbe/ in inside 

diameter, and 6 in. (152.4 mm.) in 
length, with a capadt^ ICO ml. ' ' 

(d) Rack— A suitable metallic rack 
for holding the oil recep table and its 
contents in an upright position during 
the oxidation period. 

(e) Shield —An aluminum shield or 
its equivalent for wrapping around the 
oil receptacle during the oxidation period 
to insure cleanliness. 


A.S-T.M. Pcecipitatioii Maphtha / 

18. The A.S.T.M. precipitation naph- 
tha prescribed in Section 4 shall be used 
for the dilution of the oxidized oil and the 
precipitation and washing of the sludge. 

Preparation of Bomb 

19. Clean and dry the high-pressure 
bomb before using. To insure clean- 
liness, rinse the bomb with the petroleum 



Fig. 1. — Bomb and Apparatus for Determining Bomb Sludge Value of Mineral Transformer Oils. 


(/) Gooch Crucible. — A porcelain 
Gooch crucible, size No. 4, 35-mL 
capacity, equipped with a standard 
quantitative hiter paper disk.^ 

Oxidizing Gas 

17. For oxidizing the oil, pure oxygen 
gas under a gage pressure of 250 psL 
at the oxidation temperature of 140 C. 
shall be used. 


naphtha, drain in air, and dry in an air 
oven at 105 to 110 G. for 3 hr. Cool 
the bomb to a temperature of 25 rfc 2 C. 
just before using. 

Preparation of Oil Receptacle 

20. Prepare the oil receptacle in 
accordance with the procedure described 
in Section 6, 
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..preparation of Goocii .Crucible , 

21. Prepare the', Gooch crucible in 
accordance with the procedure described 
in Section 8., , 

Conditioning of Sample . 

22, Filter by gravity the oil to be 
tested using a previously dried, acid- 
free filter, paper ^ to remove traces of 


perature. Any bomb which develops a 
gas leak during the oxidation procedure 
shall immediately be removed as de- 
scribed in the note in Section 25 (b). 

(b) Under no condition shall a bom1> 
containing oil under oxygen gas pressure 
be handled carelessly. It must not be 
dropped or struck with a metal object. 
Tapping, if necessary for any purpose, 
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Fig. 2. — Detailed Dimensions of Steel Bomb. 


sediment, fibers, and excess water. 
Dry the filter paper for 1 hr. at 100 C. 
before using. Discard the first 25 ml. 
of the oil filtrate. Carefully protect the 
filtrate during the filtration against dust 
and other contamination. 

Precautioiis ; 

23. (i 2 ) 'NO' /oxygen^ gas pressure in 
excess of 250 psi. shall be applied to the 
bomb containing the oil sample. Under 
no conditions shall oxygen gas be ad- 
mitted to the bomb except at room tem- 


shall be done with a wooden or fiber 
hammer. 

Procedure 

24. {a) Weigh to the nearest 0.0001 g. 
the clean and dry oil receptacle, pre- 
pared as described in Section 6. 

(5) Transfer 50 ml of the conditioned 
oil sample into the prepared oil recep- 
tacle by means of a clean, dry pipette. 
Protect the oil from contamination by 
atmospheric moisture and dust during 
the interval between the placing of the 
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oil In the. receptacle , and: its closure in 
the bomb. Weigh the ' prepared ; Te- 
ceptacle.' containing oil to the nearest 

0.0001 g., 

(c) Place the oil receptacle containing 
the weighed amount of conditioned oil 
in the bomb in a vertical position using a 
suitable wire rack or holder. The alu- 
minum shield may be wrapped around 
the oil receptacle during the oxidation 
period to insure cleanliness. Set the 
lead gasket and inside cover in position; 
then screw on the outside cover. When 
the bomb has been properly sealed, flush 
once by filling with oxygen to a pressure 
of 25 psi. and slowly releasing the pres- 
sure to atmospheric pressure. . 

(d) After flushing, admit the oxygen 
gas at room temperature to the as- 
sembled bomb containing the condi- 
tioned oil. Apply the gas pressure so 
as to produce a gage pressure of 180 
psi. at 25 C. This will give the required 
gas pressure of 250 psi. at the oxidation 
temperature of 140 G. The oxygen gas 
must not be applied to the assembled 
bomb at any temperature above room 
temperature. 

{e) Adjust the heating bath to main- 
tain a temperature of 140 ± 0.5 C. 
during the oxidation of the sample. 

Oxidation 

25. When the pressure of 180 psi. 
of oxygen gas in the bomb has been 
obtained, suspend the bomb immedi- 
ately in the wax or oil bath which has 
been adjusted to a temperature of 140 
dr 0.5 C. The temperature of the bath 
will drop when the bomb is immersed. 
Regulate the beat supply so as to return 
the temperature to 140 C. within 30 
min. after immersion. Totally immerse 
the charged bomb in the heating bath. 

(5) Record the exact time at which 
the bomb is immersed. Continue the 
oxidation period for exactly 24 hr.^ 


maintaining , the ' temperature of the 
heating bath at 140 zb 0.5 C. (Note). 

■ Note.— After the charged bomb has beea 
immersed in the heating bath or its temperature 
otherwise raised above room temperature, the 
gas pressure shall not be adjusted, or changed in 
any manner except for unloading the bomb at 
the end of the' oxidation period. No change 
in' gas pressure shall be made .while the bomb is 
immersed in the heating bath. If the; gas 
pressure falls because of leaks, the bomb shall be 
removed from the heating bath, the gas pressure 
reduced to atmospheric pressure, the bomb un- 
loaded, and the oil sample discarded. When 
once the gaS ' pressure has been released, par- 
tially or totally, there shall be no reapplication 
of the gas pressure. 

Treatment of Oxidized Oil 

26. (< 2 ) Exactly 24 hr. .after, the bomb 
has been placed in the heating bath, 
remove it from the bath and slowly re- 
lease the pressure to atmospheric pres- 
sure. In order to eliminate erratic 
results due to gas leakage during the 
test, check to' :determme the tightness 
of the bomb by measuring the volume 
of gas escaping from the bomb when un- 
loading. The volume of the gas so 
measured should be within IG per cent 
'of that expected from the physicai vol- 
ume of the bomb at the average tem- 
perature of the /gas measured. Tests 
in which a greater loss of gas has oc- 
curred shall be checked. Remove the 
bomb cover and cool the oil receptacle 
for 1 hr. to room temperature in a clean 
dark box or dark room, protecting the 
oil sample from dust, moisture, or other 
contamination, and light. 

. ■(^) Transfer the oxidized oil to a 
clean beaker and dilute to 200 ml. at 
room temperature using the petroleum 
naphtha. Carefully stir the oil-naph- 
tha mixture until the oil is completely 
dissolved, cover the beaker, and allow 
to stand at a temperature of 25 dz 2 C. 
for 1 hr, 
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WeigMng of Sliidge 

' 27. Weigh . the sludge obtained as 
described in Section 13. 

Calculation and Report 

28. (a) Calculate the bomb sludge 
value as follows: 


■ t , 1 ■ 1 wt. of total sludge ■ 

Bomb sludge value « — ^ — — — X lOO 

. . wt. of oil , 

(b) Report the bomb sludge value as 
determined. 


Explanatory Note 


Investigations under the direction of Sub- 
committee IV on Liquid Insulation, of Commit- 
tee D-9 on Electrical Insulating Materials, have 
shown that the results obtained with either of 
the tests described in these methods are repro- 
ducible if proper care is exercised by the test 
operator. It must be clearly recognized that 
to obtain reproducible results the test operator 
must closely follow the procedure described 
making certain that the conditions of the oxida- 
tion are carefully maintained within the pre- 
scribed limits. Variation from the procedure 
given will frequently give widely divergent test 
results. 

No data are available which correlate the 
results obtained with the commercial use of 
transformer oil. In publishing these two test 
procedures, no implication, direct or implied, is 
made that either procedure is of commercial 
operating value. From the comments and 
criticism obtained as a result of the publication 
of these test methods, together with the results 
of the continued study of the methods by the 
members of Subcommittee IV, Committee D-9, 


it is hoped that a true evaluation of their com- 
mercial importance may be obtained. 

For fundamental details describing each of 
the test procedures outlined, reference should 
be made to the following papers: F. M. Clark, 
and E. A. Snyder, “Testing for Sludge Forma- 
tion in Mineral Transformer OH,”® and F. M. 
Clark, “Studies in the Oxidation of Mineral 
Transformer Oil.’’® 

In a general sense, Method A, the Sludge 
Accumulation Test, is considered of value in 
studying the sludge forming propensity of a 
new grade of mineral transformer oil before 
commercial application. Method B, the High- 
Pressure Oxidation Test, is considered of value 
in checking the sludge forming characteristics 
of a standard grade of oil in order to control 
the continuity of this property from shipment 
to shipment. Which type of test is best adapted 
for determining the condition of mineral oil in 
transformer use is a decision which must await 
the results of further study. 

« Proceedings, Am. Soc. Testing Mats., VoL 36, Part II, 
p. 568 (1936), and Vol. 38, Part II, p. 507 (1938), respec- 
tively. 


Tentative Specifications for 


LOW AND MEDIUM VOLTAGE PIN-TYPE LIME-GLASS 

INSULATORS* 



A.S.T.M. Designation: D 730 “46 T 
Issued, 1943; Revised, 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Adapted from Edison Electric histitnte Specifications for Low and Medium Voltage 
Fin-Type Limedass Insulators {TD-S I — 1942y 


Scope 

1. These specifications cover pin-type 
lime-glass insulators for mounting on 
wooden pins or on steel pins equipped 
with a lead or wooden cob, and metal- 
bushed lime-glass insulators for mount- 
ing on steel or hard-metal threads; both 
insulator types having a dry flashover of 
85,000 V. or less. 

General ■ . 


drawings of insulators of the class (Table 
I) covered in the inquiry or order. The 
drawings shall show the outline of the 
insulators, height, diameter, sizes of wire 
grooves, length of pin cavity, and rela- 
tion of the dome of the pin cavity to the 
position of the wire grooves. Any varia- 
tions in dimensions from those specified 
in Table I, due to the process of manu- 
facture, shall be so indicated on the 
drawings. 


2. {d) Unless otherwise specified on 
the purchase order, the insulators fur- 
nished under these specifications shall 
conform in all respects to the require- 
ments hereinafter prescribed. The text 
and the drawings supplement each other 
and both shall be considered as parts of 
these specifications. 

{h) The manufacturer shall submit 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S, 
T.M. Committee D-9 on Electrical Insulating Materials. 

* Revision accepted by the Society at annual meeting, 
June, 1946. 

* These specifications are identical in substance but not 
in form wiUi the Specifications for Low and Medium 
Voltage Pin-Type Lime-Glass Insulators (TD-51— 194;li), 
approved by the Transmission and Distribution Com- 
mittee, Edison Electric Institute. 
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Material 

3. {a) The insulators shall be of lime 
glass of the grade generally accepted for 
power insulators of this class, of good 
quality and homogeneity. The glass 
shall be either colorless or colored, as 
specified in the purchase order, 

(6) The insulators shall be free from 
chips and cracks, and stones greater than 
in. in diameter. All portions of the 
insulators shall be reasonably free from 
surface roughness, checks and uneveness, 
holes, stones, air bubbles and oil and gas 
stains. They shall in no case contain 
fins, mold seam marks, shear marks, 
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molded projections,, or sharp , edges of 
such proportions as to scratch or injure 
the hands when being handM The 
pin cavity shall be entirely free from 
surface checks. The wire groove or 
rounded edge of the wire groove, shall 
contain no irregularity of such' propor- 
tion as to abrade the conductor or its 
co'vering.' ' 

Definitions . 

4. {a) Chips and Spalls —Chips and 


ing mold seam marks^ or portions of . the 
glass mass visible in ■ the Wished article 
extruded beyond the design : contour,: 
into spaces between mold parts, rings, or 

plungers. 

(g) Folds.— Folds are linear indenta- 
tions of the surface of the insulator 
caused by the meeting and partial 
welding of a re-entrant portion of a 
surface which has been partially chilled 
in some previous stage of the process of 
manufacture. 


TABLE I.-INSULATOR CHARACTERISTICS. 


Class 



No.l« 

No. lA^ 

No. 2 

1 No. 3 

No. 4 

No. .5 

Flashover (low frequency), kv 

Critical impulse flashover, (Positive. . , 

(1J4 hy 40 microsecond wave), kv. ^Negative,.. 

Leakage distance, min., in 

Dry arcing distance, min., in 

Nominal pin hole diameter,® in 

Length of thread, in — 

Radius of side groove, in 

Radius of top groove, in 

Thickness of w'all surrounding thread, min., in 

Mechanical strength, cantilever, lb — 

35 

20 

SO 

70 

3% 

1 

% delis 

14 

2 500 

40 

20 

65 

85 

4 

2H 

H ±14 

2 500 

SO 

25 

80 

100 

m 

3 

% ±14 
% ±14 
14 

2 500 

60 

30 

n 

120 

4 

% ±14 
Hs dzHs 

54 

2 500 ; 

70 

40 

115 

140 

m 

m 

2±K 

% ±14 
H ±14 
H 

2 500 

85 

SO 

140 

170 

UK 

6 

1^ 

2 -hH 

14 ±14 
H ±14 
K 

2000 


° Class No. 1 covers insulators with side groove only. 

^ Class No. lA covers insulators with large top and side grooves. 

* If other size pin holes are desired, the purchaser shall so specify. 


spalls are defects caused by the fracture 
and removal of a portion of the insulator. 

(b) Cracks.— Cidicks are free surfaces 
formed in the body of the glass by 
overstress. 

(c) Surface Checks . — Surface checks 
are shallow cracks penetrating only 
slightly below the surface of the glass. 

(d) Slones . — Stones are foreign solid 
inorganic matter completely or partially 
surrounded by glass usually consisting of 
particles of refractory material, crystal- 
line products due to combination of 
refractory and glass batch constituents, 
particles of incompletely melted batch 
or products of devitrification of the glass. 

(e) Air Bubbles . — ^Air bubbles are 
visible gaseous inclusions within the body 
of the glass. 

(/) Fins . — Fins are outwardly extend- 


TABLE II.-SIZE OF SAMPLE FOR INSPECTION 
AND TEST. 



Number of Insulators 
in Lot 


0 to 

5 000 

5 001 to 
10 000 

Over 

10 000 

Inspection tests; 




Visual 

32 

46 

60 

Gaging 

10 

15 

2er 

Mechanical tests: 




Thermal shock 

10 

IS 

20 

Cantilever strength 

3 

4 

5 

Electrical tests: 




Dry flashover 

3 

■ 4 


Wet flashover 

3 

.4 

.'.5' 

Impulse flashover 

3 

4 

VS'"'; 

Total number of samples 

32 

46 

60 


{h) Shear Marks . — Shear marks are 
marks caused by the incomplete welding 
of a surface sheared during manufacture, 
or by the inclusion of foreign matter 
under such a surface. 

(i) OU and Gas Stains.— Oh and gas 
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stains are smoky films caused by deposi- 
tion from mold swabbing or products of 
combustion during annealing. 

Insulator Cliaracteristics 

5. (a) Insulators shall be furnished in 
classes having the characteristics speci- 
fied in Table I. 

(b) The pin cavity shall be centered in 
the insulator, its top shall be concave and 
the threads shall be in accordance with 
Fig.l. 



Ao/ff ■ Thread fit to be checked 
with insu/afor gage 


Note,— Four threads per inch, tapering in. in di- 
ameter to 1 in. in length. 

Fig. 1. — Pin Cavity Dimensions. 

(c) When subjected to the gaging test 
described in Section 12, the dome clear- 
ance of the insulator shall be not less 
than i nor more than f in. There 
shall be no perceptible play or rocking 
of the insulator when seated on the gage. 
The number of turns necessary to release 
the gage from the insulator shall be not 
less than 3. 

Marking 

6. Insulators shall bear the manufac- 
turer’s symbol or identification mark, the 
catalog number, and the mold number. 
These designations shall be in raised 
characters, smoothly molded on the glass. 
The designations shall be free from sharp 
edges and projections and shall not 
extend more than in. above the surface 
of the insulator. The height of the 
characters shall not exceed in. The 
greatest dimension of the manufacturer’s 
symbol or identification mark shall not 
exceed f in. 


Packing ' , 

7. (a) The , insulators shall be so’ 
packed as to prevent injury to them 

, during transportation . and handling. 
Insulators packed in containers con- 
forming to all construction requirements 
of Consolidated Freight Classification as 
to' bursting tests, size limit, and ' gross 
weight shall be considered as being 
properly packed. 

(5) Each box or carton for carload 
shipment shall be marked with the 
number and description of insulators, 
the catalog number, and the manu- 
facturer’s name and address. 

(c) Each box or carton for L.C.L. 
(less carload) shipment shall be marked 
with the purchaser’s name and shipping 
address, purchaser’s order number, the 
number and description of insulators, 
the catalog number, the gross weight, 
and the manufacturer’s name and 
address. 

(d) In addition, boxes or cartons of 
any shipment may be marked as specified 
in Section 8 (d). 

Manufacturer’s Production Sampling 

and Tests 

8. (a) Every insulator shall be in- 
spected during production for structural 
defects. At least one insulator out of 
each 50 shall be selected at random and 
gaged. At least one insulator shall be 
selected at random during every hour of 
production, but not less than one out of 
every 1000 insulators, and given thermal 
shock and cantilever strength tests. 
Tested insulators shall be discarded and 
all insulators gaged with a steel gage 
shall be discarded. 

(b) Specimens representative of the 
product shall be selected and given 
electrical fiashover tests. These tests 
shall be made and certified by a com- 
mercial or institutional testing labora- 
tory or by the manufacturer. 
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; ' (c) A , record . shall be kept by the 
manufacturer of tests made on each day’s 
production of insulators and shall include 
the following: , ■ 

(I) A description of the material, the 

name and type, date of manu- 
facture, and number of insu- 
lators in the day’s production, 
and . 

(Z) The number of insulators tested 
and the results of each of the 
routine tests, including: 

The hot to cold and cold to hot 
thermal shock sustained, 
The minimum number of 
turns to release the gage 
and limits of clearance in 
inches between the top end 
of the gage and the crown 
of the insulator, and 
The minimum and average 
value of the cantilever 
strength tests in pounds. 
These i-ecords shall be available to the 
purchaser at his request. 

(d) Insulators inspected and tested 
during production in accordance with the 
above methods may be so designated by 
imprinting on the container the date of 
manufacture, and the statement that 
they were tested in accordance with 
these specifications, together with a 
reference to the test record by number. 

Purchaser’s Acceptance Sampling 

9. (a) The lot of insulators offered for 
inspection shall be so arranged as to 
facilitate the work of the inspector. 

(J) Sample insulators from each mold 
shall be selected from the lot at random. 
The number selected shall be as specified 
in Table II. 

Purchaser’s Acceptance Tests 

10. (a) The sample for the purchaser’s 
acceptance test shall be selected in 
accordance with Section 9 (6) and the 


size of sample shall be in accordance 
with Table II. 

Note. — This section is divided into three 
parts: Inspection, Mechanical, and Electrical, 
in order that the purchaser may select and 
require any or all parts. 

Inspection Thesis 

(b) Design and Dimensions . — ^At least 
one insulator from each mold shall be 
selected from the sample and compared 
with the drawing. Failure of any of 
these specimens to conform, within 
manufacturing tolerances, to the dimen- 
sions on the drawing shall be cause for 
rejection of all insulators made in that 
mold. 

(c) Vistml . — The sample shall be visu- 
ally inspected in accordance with Section 

11. Failure of more than one specimen 
to conform to the requirements pre- 
scribed in Section 3 (a) and (b) shall be 
cause for rejection of the entire lot. 

{d) Gaging . — ^The sample shall be 
gaged in accordance with Section 12. 
Failure of over 5 per cent of the sample 
to conform to the requirements pre- 
scribed in Section 5 {c) shall be cause 
for rejection of the entire lot. 

Mechanical Tests 

(e) T hermal Shock . — ^The sample, con- 
taining no specimens which have been 
gaged, shall be subjected to the thermal 
shock test in accordance with Section 13. 
If over 10 per cent of the sample fails to 
meet the thermal shock test, a retest on 
double the number shall be made. If 
over 10 per cent of this retest fail, the 
entire lot shall be rejected. 

(f) Mechanical Strength . — ^The sample, 
containing no specimens which have been 
gaged, shall be subjected to the mechanical 
strength test in accordance with Section 
14. The average strength of the speci- 
mens tested shall not be less than that 
specified in Table I, and the minimum 
strength of any one insulator shall not 
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be less than 60 per cent of the average of 
the sample. Failure of the sample to 
conform to these requirements shall 
be cause for rejection of the entire lot. 

Electrical Tests 

(g) Certification. — Unless otherwise 
specified in the inquiry or order, the 
purchaser, if so desired by the manu- 
facturer, shall accept as evidence of the 
compliance of the insulator with the 
electrical tests, certificates of tests carried 
out on not less than three insulators 
identical in all essential details with 
those purchased. 

Certificates of ail these tests, together 
with a record of any alterations, whether 
essential or not, which have been made 
to the insulators since the tests were 
carried out, shall be held available by the 
manufacturer for inspection. 

Electrical tests shall be conducted and 
certified by a commercial or institutional 
testing laboratory or by the manufac- 
turer, unless the purchase order specifies 
otherwise. 

Electrical tests made by other than the 
manufacturer shall be at the expense of 
the purchaser. Insulators for electrical 
tests shall be selected and provided by 
the purchaser. 

(h) Low-Frequency Dry a'itd Wet Flash- 
over.— Tht sample shall be subjected to 
dry-flashover test s in accordance with Sec- 
tions 8 and 9 of the Standard Methods 
of Testing Pin-Type, Lime-Glass Insu- 
lators (A.S.T.M. Designation: D 468),^ 
and wet-flashover tests in accordance 
with Sections 10 and 11 of A.S.T.M. 
Methods D 468, Failure of any insu- 
lator to conform to the requirements 
prescribed in Table I shall be cause for 
rejection of the entire lot, 

{i) Impulse Flashover. — ^The sample 
shall be subjected to impulse fiashover 
tests in accordance with Sections 12 and 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


13 of A.S.T.M. Standard Methods D 468. 
Failure of any . insulator to. conform' 
to the requirements prescribed in Table 
I shall be cause for rejection of the 

entire lot. 

Methods of Testing , 

Visual Inspection 

11. The visual inspection shall consist 
of checking for such physical and struc- 
tural defects as prescribed in Section 3 
(a) and (b). 

Gaging 

12. A gage of the design and dimen- 
sions shown in Fig. 1 of A.S.T.M. 
Methods D 468 shall be screwed tightly 
into the insulator pin cavity and the 
dome clearance (distance between line 
^‘A” of the gage drawing and the crown 
of the pin cavity) shall be measured. 
There shall be no perceptible play or 
rocking of the insulator when seated on 
the gage. The gage shall then be re- 
moved from the insulator, counting the 
number of turns to disengage. All 
insulators which have been gaged shall be 
discarded. 

Thermal Shock Test 

13. The ‘specimen insulators shall be 
subjected to the stipulated thermal 
shock test (manual method or machine 
method) as described in Section 5 of 
A.S.T.M. Methods D 468. Tested insu- 
lators shall be discarded. 

Mechanical Strength Test 

14. The specimen insulators shall be 
subjected to the mechanical strength 
test as described in Section 7 of A.S.T.M. 
Methods D 468. 

Electrical Voltage Tests 

15. The specimen insulators shall be 
subjected to the specified dry-flashover, 
wet-flashover, and critical impulse-flash- 
over tests as described in Sections 8 to 
13 of A.S.T.M; Methods D 468. 
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COMMUNICATION AND SIGNAL PIN-TYPE LIME-GLASS 

INSULATORS^ 



A.S-T.M. Designation: B 879 ~ 46 T 
Issued, 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover pin-type 
lime-glass insulators for use in supporting 
conductors on open-wire communication 
and signal lines. 

Material 

2. The insulators shall be of lime glass 
of the grade generally accepted for com- 
munication and signal line work, of good 
quality and homogeneity. The glass 
used shall be transparent, and if not 
colorless shall be only slightly tinted. 
Insulators shall be manufactured and 
processed in a careful and workmanlike 
manner, in accordance with good design 
and commercial practice. 

Thermal Shock 

3. The glass insulators shall be capable 
of standing, without cracking, checking 
or chipping, hot-to-cold and cold-to-hot 
thermal shock tests as follows: 

EoMo-Cold Test—Th.^ insulators 

1 Under the standardization procedure yf the Society, 
these specifications are under the iurisdiction of the A.S. 
T.M. Committee D -9 on Electrical Insulating Materials. 

2 Accepted by the Society at annual meeting, June, 
1946. 

Prior to their present publication as tentative, these 
specifications were published as Emergency Specifications 
ES-41 from 1944 to 1946, being revised in 1946 and issued 
as tentative. 


shall be immersed for 10 min. in a hot 
water bath (120 to 140 F.) and then 
transferred to a cold water bath and 
left therein for 10 min. The tempera- 
ture difference between the hot and cold 
baths shall be 70 zh 2 F. 

Cold4o-Eot Test . — The insulators, 
after having been subjected to the hot- 
to-cold test described above, shall be 
immersed in a cold water bath after 10 
min., and then transferred to a hot water 
bath and left for 10 min. The tempera- 
ture difference between the cold and 
hot baths shall be 100 db 2 F, 

Electrical Characteristics 

4. The electrical characteristics of 
the material when measured at 1000 
cycles per second in accordance with 
Section 13 shall be such that the dielec- 
tric constant will be not more than 7.9, 
and the product of the power factor and 
the dielectric constant will be not more 
than 0.28. 

Bimensions and PermissiMe Variatioiis 

5. {a) Design and Construction. — Pin- 
type lime-glass insulators shall conform 
to the requirements for physical dimen- 
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sions in accordance ' with the applicable 
style shown in ■ Fig. Ij, and shall give 
evidence of satisfactory workmanship 
in accordance with the requirements pre- 
scribed in the following Paragraphs 
(b) to (e). 

(i) Scrm^ — ^The insulators 

shall have the standard screw threads to 
fit the wooden-pin gage or the CSC 
gage, as applicable. The dimensions and 
construction of these gages shall be as 
described in Section 6 and in Figs. 2 and 
3 respectively of the Standard Methods 
of Testing Pin-Type, Lime-Glass Insula- 
tors (A.S.T.M. Designation: D468).® 
The thread shall be smooth, of uniform 
pitch, and well-centered in the insulator. 

(c) Gage Fit— 'When the insulator gage 
is fully inserted in the insulator it shall 
conform to the following requirements: 

(1) The end of the wooden pin gage 
shall be not more than in. from the 
apex of the insulator pin cavity; the 
shoulder of the CSC gage shall bear 
firmly against the insulator. 

(2) At least two and one-half revo- 
lutions shall be required to remove the 
insulator from the gage. 

(3) When the gage has been un- 
screwed one complete turn, it shall not 
be possible to rock the gage into con- 
tact with the inner surface of the 
petticoat. 

(d) Diameter and Height— The di- 
ameter and height shall not vary more 
than plus or minus | in. from that shown 
on the applicable style in Fig. 1. 

(e) Depth and Width of Wire Groove — 
The depth and width of wire groove 
shall not vary more than plus or minus 
3 ^ in. from that shown on the applicable 
style in Fig. 1. 

Workmanship and Finish 

6. (a) Visible Defects . — So far as prac- 
ticable, the insulators shall have a finish 
insuring smooth even surfaces and free- 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T,M. Designations at front of book. 


dom from cracks, checks, bubbles, sharp' 
edges and other laws, of a character 
detrimental to the strength or life of the 

insulator. 

{h) Drip Points . — Insulators' con- 
forming in all other respects to the re- 
quirements of these specifications, but 
having on the lower edge of their outer 
petticoat a series of projecting drip 
points, may be accepted under these 
specifications provided these points are 
free from sharp or broken edges. 

Marking 

7, The insulators shall bear, on the 
outside curved surface near the bottom, 
the name or brand of the manufacturer, 
a numeral to designate the mold used in 
their manufacture, and a number or 
listing, employed to designate the insula- 
tor. Such designations shall be in raised 
characters, smoothly molded in the glass; 
they shall be free from sharp edges or 
projections and shall not extend more 
than in. above the surface of the 
insulator. 

Packaging 

8. The insulators shall be packaged in 
the quantities listed in Table I within 


TABLE I.—PACKING AND WEIGHTS. 


Style 

Units per Carton 

Cartons 

1 Arrangement 
of Insulator, 

1 Length by 
Width by 
Depth 

Approximate Net 

Weight, lb. 

Win 

Packed Cartons per 

Shipping Container g*’2. 

« P 

Approximate Gross ^ 

Weight, lb. 

CSC... 

SO 

5 by 5 by 2 in. 

56 ^ 

3 

200 

DP. 

40 

5 by 4 by 2 in. i 

65 

2 

160 

Toll 

50 

5 by 5 by 2 in. ■ 

54 

3 

207 

TW 

30 

5 by 3 by 2 in. i 

58 

3 

210 

Exchange 

50 

5 by 5 by 2 in. 

36 

. 4 

210 

TpG-WU...... 

40 

5 by 4 by 2 in. 

72 

2 

165 

DpG-DP...... 

50 

.5 by 5 by 2- in. 

5^ i 

3 

195 

Pony 

SO 

5 by S by 2 in. 

31 ■ 

■ '4, 

■ 158 

DoG-Pony. ... 

50 

S by 5 by 2 in. 

. 32 , 

4 

158 

DP-Pony.... . . 

50 

5 by 5 by 2 in.' 

'.'41' 

4''' 

195 


a regular slotted corrugated fiberboard 
carton. ■ The' insulators shall be placed, 
■in the carton ' within The- cells of inter- 
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locking partitions fabricated of 200-lb. 
Mullen , test solid or corrugated fiber- 
board. Each partition cell' shall con- 
tain one insulator. The insulators shall 
be packed within the carton in two 
layers or tiers with the layers separated 
by a fiberboard pad and the space be- 
tween the inner flaps of the container 
(top and bottom) shall be filled with a 
fiberboard pad, the pads to be fabricated 
of material similar to the interlocking 
partitions. Insulators in the top layer 
shall be in the same relative position as 
the ones directly below; that is, top to 
bottom or bottom to top. 

Note. — For packaging for the Armed Forces 
reference should be made to the Army-Navy 
General Specification for Packaging and Pack- 
ing for Overseas Shipment (U. S. Army Speci- 
fication No. lOO-MA; U. S. Navy Specification 
39 P 16a). 

Methods of Testing 
Qualification Approval Tests 
Qualification Approval Tests 

9. (a) For qualification, tests shall 
be made at a designated laboratory on a 
sample quantity to insure that the basic 
design produces insulators conforming to 
all the requirements of these specifica- 
tions. Qualification tests shall be con- 
ducted in the order in which they are 
listed in Table II. 


TABLE II.— OUTLINE OF QUALIFICATION TESTS. 


'Test 

Num- 
ber of 
Speci- 
mens 

Failures 

Per- 

mitted 

Thermal shock 1 

48 I 

4 

Visual inspection and physical meas-’ 
urement. 

48 

0 

Electrical (made on material plaques) . . . 

6 

0 


(b) If any specimen fails the visual 
inspection and physical measurement 
test or the electrical test, or if more than 
4 specimens fail the thermal shock test, 
as prescribed in Sections 11 to 13, the 
insulator manufacturer may make ap- 
plication to submit a second lot of speci- 
mens for test. 


Test Specimens ■ 

10. Forty-eight specimens of each 
style of insulator for which qualification 
approval is desired shall be submitted for 
qualification tests. Manufacturers’ test 
readings for ail tests not damaging to 
the insulators for at least one unit of each 
style submitted, shall accompany the 
specimens. This information shall in- 
clude identification of the test equipment 
used in making the tests. A minimum 
of six plaques of the same material as 
the insulator specimens shall be fur- 
nished, for the style of insulator sub- 
mitted or for the group of styles, if more 
than one style is submitted at one time, 
for electrical tests. 

Thermal Shock Test 

11. The specimen insulators shall be 
subjected to the stipulated thermal shock 
test (manual method or machine method) 
as described in Section 5 of A.S.T.M. 
Methods D 468. 

Visual Inspection and Measurement of 

Dimensions 

12. The insulators shall be inspected 
and gaged to verify that they conform to 
the requirements prescribed in Sections 
5 and 17. 

Electrical Tests 

13. Dielectric constant and power fac- 
tor tests shall be made on six test speci- 
mens in accordance with the Tentative 
Methods of Test for Power Factor and 
Dielectric Constant of Electrical Insu- 
lating Materials (A.S.T.M. Designation: 
D150).® 

Inspection Tests 

Inspection Tests 

14. (a) Each insulator offered for de- 
livery shall be subjected at the place of 
manufacture to visual inspection and 
physical measurements in accordance 
with Sections 5 (a) and 17, except that 
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only every fiftieth msulatGr ■ shaE be 
gaged in accordance with Section 5 (c). 

(b) Production-sampling tests shall be 
made on a relatively small number of in- 
sulators taken from production and, in 
general, are intended to check production 
quality with reasonable thoroughness. 

Test Equipment and Inspection Facilities 

IS. The insulator manufacturer shall 
furnish and maintain all necessary facih- 
ties and equipment for making aU in- 
spection tests, and shallperform all tests 
under the supervision of the inspector. 
The test equipment shaU be adequate in 
quantity to enable inspection to keep up 
with production. The test equipment 
shall be of sufficient accuracy and quality 
to permit performance of the required 
tests. Unless otherwise specified, in- 
spection of insulators shaE be made at the 
place of manufacture. 

Test Specimens 


16. {a) For production sampling, in- 
sulators shaU be selected by the inspec- 
^ tor, from a continuous production run of 
insulators that have passed the produc- 
tion tests. The number of specimens 
used for the various tests shall be in 
accordance with Table III, unless other- 
wise specified in the order. 

TABLE III.-NXJMBER OF SPECIMENS FOR 
PRODUCTION-SAMPLING TEST AND 
FAILURES PERMITTED, 



accordance with Section 17. The sam- 
ple lot shall then be divided into two 
groups. One group shall be subjected to 
the test outlined in Section 17(c). The 
other group shall be subjected to the 
tests outlined in Section 18. 

Visual Inspection ' and Measurement of 

Dimensions 

17. (a) Visual Inspection— All of the 
insulators in the production-sampEng lot 
shall be inspected for surface defects in 
accordance with Section 6. Failure of 
any insulator under this test shall be 
cause for reinspection of the entire pro- 
duction lot for this requirement. 

(b) Measurement of Dimensions,— A]1 
of the insulators in the production- 
sampling lot shall be compared with the 
drawing. Failure of any of the speci- 
mens to conform within the manufactur- 
ing tolerances to the dimensions of the 
drawing shall be cause for rejection of the 
production lot. 

(c) Gaging— Ont half of the sample 
lot of insulators shall be gaged in accord- 
ance with Section 5. Failure of more 
than one insulator under this test shall 
be cause for rejection of the production 
lot. If only one insulator fails, a second 
selection shall be made and shall include 
at least five insulators having the same 
mold number as the insulator that failed. 
Failure of any one insulator in the second 
lot shall be cause for rejection of the pro- 
duction lot. 

Thermal Shock Test 

18. The other half of the sample lot 
shall be tested for thermal shock in ac- 
cordance with A.S.T.M. Methods D 468. 
If more than 10 per cent of the sample 
lot fails this test, a retest shall be made 
on a new sample lot of insulators of 
double the number previously tested, 
selected from the same production lot. 
Failure of more than io per cent of the 
second sample lot shall be cause for rejec- 
tion of the production lot. 


Tentative Methods of Test for 

POWER FACTOR AND DIELECTRIC CONSTANT OF 
ELECTRICAL INSULATING MATERIALS' 



A.S.T.M. Designation: D 150 ” 46 T 

Issued, 1922; Revised, 1923, 1927, 1931, 1932, 1934, 1935, 1936, 1939, 1941, 1942, 1944, 1945, 1946,* 

These Tentative Methods have been approved b 3 r the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods provide procedures 
for the determination of the power fac- 
tor and dielectric constant of solid and 
fluid electrical insulating materials at 
frequencies from 25 cycles per second to 
100 megacycles per second. These pro- 
cedures include five bridge arrangements, 
and three resonant-circuit methods. 
The following tabulation gives ranges of 
frequencies for which the various proce- 
dures are generally deemed applicable; 
these ranges overlap to a considerable 
extent and the suitability indicated for 
one procedure is therefore not to be inter- 
preted as excluding other procedures at 
a given frequency: 


^lethod 

Reference 

Usual Frequency 
Range, cycles per 
second 

Sec- 

tion 

Fig. 

ure 

Conjugate Schering 
Bridge. 

22 

7 

25 to 5 000 000 

High-Voltage Schering 

Bridge. 

Paralld Resistance 
Bridge — .. 

23 

8 

25 to 10 000 

24 

9 

1 000 to 100 000 

Series Resistance 
Bridge. ..... 

25 

10 

200 to 100 000 

Transformer Bridge. . . 

26 

1142 

25 to 1 000 

Resonant Circuitj Re- 
sistance Variation... 


13'., 

100 000 to 1 000 000 

Resonant Circuit, Sus- 
ceptance Variation. . 

2 & , 1 

::':14 , „ 

10 000 to 100 000 000 

Resonant Circuit, j 

Resonance Rise. .... 

29, 

' 

50 000 to 10 000 000 


> Under the standardization i>roeedure of the Society, 
these methods are under the jurisdiction of the A.S,T.M. 
Committee D-9 on Electrical Insulating Materials. 


Definitions 

2. {a) Dielectric Constant. — The di- 
electric constant of a dielectric material 
is that property which determines the 
electrostatic energy stored in the ma- 
terial per unit volume per unit potential 
gradient. For the purposes of these 
methods the dielectric constant is the 
ratio of the equivalent parallel capaci- 
tance of a capacitor in which the 
material is the dielectric, measured at the 
specified frequency, to the capacitance 
of the same capacitor with a vacuum 
as the dielectric, and is represented by 
the symbol K. 

Note.— T he dielectric constant of air under 
normal conditions may be considered equal to 
that of a vacuum. 

{b) Dielectric Phase Angle.— The di- 
electric phase angle is the angular dif- 
ference in phase between the sinusoidal 
voltage applied to the dielectric and the 
component of the resulting current which 
has the same frequency as the applied 
voltage. 

{c) Dielectric Loss Angle.^ — The di- 
electric loss angle is the difference be- 

* Lateat revision accepted by the Society at annual meet- 
ing, June, 1946. 

»Thc terms “dielectric phase defect angle” and “di- 
electric phase difference,*' vrith others, have been used 
in technical literature for this quantity. 
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tween ainety electrical degrees (90 deg.) 
and the dielectric phase' angle. 

(d) DMedric Dissipation Factor —The 
dielectric dissipation factor of a material 
is the cotangent of the dielectric phase 
angle or the tangent of the dielectric loss 
angle, and is represented by the 
symbol D. 

Note.— T he storage factor or quality factor, 
Q, is the reciprocal of the dissipation factor, D. 

(e) Dielectric Power Factor, — The di- 
electric power factor of a material is 
the cosine of the dielectric phase angle 
or the sine of the dielectric loss angle. 

Note. — When the cotangent of the phase 
angle is smaller than 0.1, the cosine and the co- 
tangent differ by less than 0.0005 and the power 
factor may be considered equal to the cotangent 
of the phase angle or the tangent of the loss 
angle. When the measured cotangent proves 
to be larger than 0.1, the correction to be applied 
to the observed value to secure the power factor 
may be obtained from the curve of Appendix I, 
or the corresponding cosine may be taken from 
trigonometric tables. 

if) Dielectric Loss Factor, — The di- 
electric loss factor of a material is the 
product of its dielectric constant and its 
dissipation factor. 

Theory of Test 
Parallel Notation 

3. Any insulating material between 
two electrodes constitutes a capacitor. 
Such a physical capacitor may be rep- 
resented by a “pure” capacitance, Cp 
I — VWWWVW\/ — I 



Fig. 1 — Equivalent Parallel Circuit. 

(loss angle = 0), and a resistance, iJj,, 
in parallel, as slxown in Fig. 1. The 
resistance, Rp, is called the equivalent 


parallel resistance and the capacitance, 
is called the equivalent parallel 
capacitance. For sine-wave voltage and 
current the. vector relations are as shown 
in Fig. 2. For this notation the dissipa- 



Fig. 2.— Vector Diagram for Equivalent 
Parallel Circuit. 

tion factor and the power factor are as 
follows: 

D = cot 0 — tan 5 = -= — 

coCpRp coCp 

Power factor = cos $ = sin 5 = sin tan“”i D, 
where: 

Cp = capacitance in farads, 

Rp == resistance in ohms, 

G = conductance in mhos, and 
CO = 2 T times the frequency in 
cycles per second. 

As explained in the Note under Section 
2 (e), when tan 6 is less than 0.1, power 
factor and dissipation factor differ by 
less than 0.0005. 

Series Notation 

4. A physical capacitor may also be 
represented by a “pure” capacitance, C«, 
and a resistance, Rs, in series as shown 
in Fig. 3. The resistance, Rs^ is called 

_JVVWWV— 


Fig. 3. — Equivalent Series Circuit. 

the equivalent series resistance and the 
capacitance, Cj, is called the equivalent 
series capacitance of the capacitor. For 
sine-wave voltage and current, the vector 
relations are as shown in Fig. 4. The 
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dissipation factor and the power factor 
are as follows.*: , , 

' D = cot d = , tan.S = 

Power factor = cos ^ = sin 6 =* sin tan~i D 
where: 

Cs ,= , capacitance in farads, 

, : Rs == resistance in ohms, and 

= 2 TT times the frequency in 
cycles per second. 


on the loss angle. . If capacitance has 
been determined ' as, a series capacitor, 
the equivalent parallel capacitance may 
be calculated from the following relation : 


Cp 


1 + D2 


a 

1 + tan® B 


C® cos® d 


The two capacitances are alike within 
1.0 per cent unless D exceeds 0.10; within 
0.1 per cent unless D exceeds 0.03. 


As explained in the Note under Section 
2 (^), when tan 5 is less than 0.1, powder 



Fig. 4.— 'Vector Diagram for Equivalent 
Series Circuit. 
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To Measuring 
Circuit 

Fig. 5. — Simple Capacitor Circuit. 


factor and dissipation factor differ by 
less than 0.0005. Under these condi- 
■tions: 

Power factor ^ I) ^ ojCsRs 

Equivalency , of '.notation 

' 5 . The equivalent parallel capacitance 
and the equivalent series capacitance of 
a given physical capacitor are not 
identical, the difference being dependent 


Dielectric Constant 


6, (u) With a capacitor formed as 
shown in Fig. 5, with only the opposing 
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^ Guard Ring 
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To Measuring 
Circuit 

Fig. 6. — Capacitor With Guard Ring and Shield. 


surfaces of the two metallic electrodes 
separated by the dielectric material 
under test, the total capacitance, C*, 
measured between the electrodes will be 
the sum of the following: 

Cj,, the ^'equivalent parallel capaci- 
tance” (Section 3), represented in 
Fig. S by the parallel flux lines in 
the dielectric material between the 
electrodes, 

C„ the edge correction, represented by 
the curving fliux lines in air, from 
one electrode to the other, and 

Cfl, the stray capacitance, repre- 
sented by' the' flux lines in air pass- 
ing from the "high” electrode to 
space and to earth. 

(5) When the dielectric material under 
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test is replaced by air (vacuum), the 
electrodes^ spacing ■ and alignment re- 
maining unchanged, and with Ce and 
Cg remaining presumably unaltered, the 
equivalent parallel capacitance, Cp, will 
become the *%terelectrode capacitance,’’ 
Ca; and by the definition in Section 2 (a), 
the dielectric constant, K, is given by 
the following equation: 


K 


Ca 


Os 0$ ' 


(c) Use of a guard ring (see Fig. 6) 
makes it possible to exclude the edge 
correction, C*, from the measured capaci- 
tance, C*; and a shield about the guarded 
electrode (and usually the “high” elec- 
trode also) can be used to eliminate the 
stray capacitance, Co, from the measured 
capacitance. (See Section 21 on Shield- 
ing.) Under these conditions, attain- 
able in the bridges described in Sections 
22 to 26, Cx becomes simply Cp, and 


« 


C, 

Ca 


Formulas for Interelectrode Capaci- 
tance, Ca 

7. The following formulas are useful 
for the calculation of the interelectrode 
capacitance, Ca, in micro-microfarads 
with air (vacuum) as the dielectric: 
where: 

A , area of flat plates, 
d = diameter of flat circular plates, 
di = inside diameter of tube of di- 
electric material, 

di = outside diameter of tube of di- 
electric material, 

= average diameter 
of tube, 

t = thickness of sheet, layer, film, 
or tube-wall of dielectric 
material, 

L = length of the cylindrical elec- 
trode, and 


log ==■ logarithm of;, a number , to the 
base 10 (Briggs’ logarithm). 

(a) F or flat opposing parallel plates: 


Ca == 0.08854 j , when dimensions are in cm. 


Ca = 0.2249 y , when dimensions', are in „in. 

{h) For flat opposing parallel circular 
plates: 

Ca — 0.06954 -y when dimensions are in cm, 

Ca — 0.1766 y- , when dimensions are in in. 

(c) For coaxial cylindrical electrodes: 
0.2416 L 


Ca - 


Ca - 


0.6137 L 


when dimensions are in cm. 


log 


(I) 


, when dimensions are in in. 


{d) For coaxial cylindrical electrodes:*^ 

C. - 0,2782 i [i] (^1 - 1 [£]■), 

when dimensions are in cm. 

C.. 0.7085 

when dimensions are in in. 

"These approximate formulas are accurate to 0.1 per 
cent unless t/dm is greater than 

(e) Guards: 

When a guard ring' is used with 'a 
circular or a rectangular plate, or guard 
tubes with a cylindriGal electrode, the 
effective area of the electrode is in- 
creased by one-half the area of the space 
between the guard and the electrode. 
Thus for circular plates, the d of Para- 
graph (b), should be replaced by (d 
+ w), and the L of Paragraphs {c) and 
(fl) by (T + w), where w == the width 
of gap between electrode and guard. 
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The width of a guard ring or the lengths 
of the guard tubes should be not less than 
five times the thickness of the dielectric. 

Edge Correction j €/ ' 

8. The edge correction per unit of 
length along the edge of the electrode is 
the same for circular, rectangular,® and 
cylindrical electrodes, but differs ac- 
cording to the various electrode arrange- 
ments. The following expressions apply 
to thin electrodes such as tin foil when the 
area of each of the electrodes is greater 
than 45 cm.^ (7 mJ). When these ex- 
pressions are used in the formula for K 
in Section 6 (&), this formula will be in 
error by less than 1 per cent. When 
electrodes are of unequal size, the inter- 
electrode capacitance, Ca, shall be cal- 
culated for the smaller electrode. 

(a) Electrodes Extending to Edge of 
Plate. — The edge correction, C«, ex- 
pressed in micro-microfarads, for elec- 
trodes extending to the 'edge of a plate 
specimen is given by the following for- 
mulas if care is taken to see that the 
specimen has smooth sharp edges and 
that the electrodes come exactly to the 
edge: 

C* s= ^0.058 log ~ -f 0.0185^ P, when dimen- 
sions are in cm. 

Cf = ^0.147 log 4- 0.047^ P, when dimen- 
, sions are in in. ' 


4 See extended treatment of this subject in papers by 
Harvey L. Curtis and Arnold H. Scott, “Edge Correction 
in Determination of Dielectric Constant,” Proceedings^ 
Am. Soc. Testing Mats., Vol. 36, Part II, p. 81S (1936); 
Arnold H. Scott, “Determination of the Edge Correction in 
the Measurement of Dielectric Constant,” Proceedings, 
Am. Soc. Testing Mats., Vol. 37, Part ILp, 655 (1937);and 
Arnold H. Scott and Harvey L. Curtis, “Edge Correction 
in the Determination of Dielectric Constant,” Journal of 
Research, Nat. Bur. Standards, Vol. 22, No. 6, p. 747 (1939). 
The last of the three references gives a more complete 
and more accurate treatment of edge correction than the 
other articles and includes formulas for a number of elec- 
trode arrangements in addition to those presented in these 
test methods. 

» For rectangular electrodes the width of the electrode 
should be at least ten times the thickness of the specimen. 


where: 

F = distance around perimeter ' of 
the electrode , (for example, t 
times the diameter for cir- 
cular electrodes). 

{h) Equal Electrodes Smaller than 
Plate, — In this case the edge correction 
is a function of K, the dielectric constant 
of the specimen. The edge correction, 
Ce, expressed in micro-microfarads, for 
thin electrodes of equal size and which 
are of the same shape as, but smaller 
than, the plate, is given by the following 
expressions, when proper care is taken to 
see that the electrodes are exactly op- 
posite each other. 

C. = ^0.058 log Ip + 0.018S P, when dimen- 

sions. are in cm. 

Ce ~ ^0.147 log 4- 0.047 P, when dimen- 
sions are in in. 

w^here : 

P = distance around perimeter of the 
electrode (for example, x times 
the diameter for circular elec- 
trodes). 

The value of K is most easily found by 
considering Ce to be of the form: = 

(M + NK)P 

Then: 

Co. - MP - Cg . 

. , A4-,i\rF ^ 

(See the example given in Section 9.) 
(c) Unequal Electrodes on Plate, — In 
this case also the edge correction is a 
function of the dielectric constant of 
the specimen. When thin electrodes are 
used, one of which extends at least five 
times the thickness of the plate beyond 
the edge of the other electrode, the edge 
correction, C«, expressed in micro-micro- 
farads is given by the following ex- 
pressions: 
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C. = ^0.0771og^ + 0.0405 when dimen- 

sions are M cm. 

C. = ^0.195 log ~ + 0.103 P, when dimen- 

sioas are in in. 

where: 

P = distance around the perimeter 
of the smaller electrode. 

The value of K is most easily found by 
considering C& to be of the form: 
Ce^(M + NK)P 


the cylindrical electrodes, the following 
expressions will give a value of dielectric 
constant with an error smaller than 1 
per cent. (See also Section 7 (c) and 

(d)l 



(Cp - Cp)t 
dn{L - V) 


, when dimensions 


are in cm. 


K = 1.415 


(Cp - Cp)t 
dm(L - LO' 


when dimensions 


are in in. 


Then: 

^ Cg, -MP - Cg 
Ca + NP 

(See the example given in Section 9.) 

(d) Cylindrical Electrodes . — When the 
ratio t/dfn is less than the edge 
correction C« may be calculated from the 
equations given in Paragraphs (a) to 
{c) for the plate specimens, with P 
replaced by lird^^ Analogous elec- 
trode arrangements may be used, namely, 
electrodes extending to the end of the 
tube, equal electrodes which are shorter 
than the tube and unequal electrodes 
where one electrode extends at least five 
times the thickness of the wall of the 
tube beyond the ends of the other 
cylindrical electrode. 

When the ratio J/dm is less than i 
and when the tube specimen extends 
beyond the electrodes at all times by at 
least five times the wall thickness, the 
edge correction may be eliminated from 
the determination by making two meas- 
urements of capacitance of the test 
specimen using a different length for the 
electrodes in the two cases. Care must 
be exercised in each of the measurements 
to keep the two electrodes of equal 
lengths and accurately opposite each 
other. For maximum accuracy of de- 
termination of the dielectric constant, 
V should be about one-half of L. If 
Cp and C'pUre the measured capacitances 
corresponding to the lengths L and P' of 


When the method, of measurement 
permits the use of a guard sleeve, the 
edge correction may be eliminated. 

(e) Thick Circular Electrodes. — It is 
sometimes necessary to use for electrodes 
thick metal plates, or mercury pools of 
appreciable depth. The following for- 
mula® applies to equal circular electrodes, 
with sharp edges, extending to the edges 
of the circular specimen. 

C. = 0.0325 P (log ^ + Z - 1.305^ , when 

dimensions are in cm. 

C, = 0.0875 P (log y + ^ - 1.305) , when 

dimensions are in in. 

where: 

P = perimeter of electrode, 
t = thickness of dielectric, 
b = thickness of each electrode, 

Z - (l + X)log(l +X) --Xlog 
X, and 
X = h/L 

When thick electrodes are used for 
routine testing a curve for the Z function 
may be plotted.*^ 

Stray Capacitance, Q 

9. The stray capacitance, Q, may be 
eliminated from che capacitance measure- 

«FiTst Dublished by G. Kirchhoff, Berlin (March, 1877). 
The reader should note that the symbols 6 and / have inter- 
changed significance in the reference from that used in 
these methods. 

y Such a cum is shown on p. 751 of the Journal of Re> 
MflfcA, JNat. Bur. Standards, Vol, 22 (1939), referred to in 
footnote 4. 
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meEt by using the screened bridge meth* 
ods shown, in .Figs,; 7j 8, 9, iOy and 12. 
In the resonant circuit resistance varia- 
tion method^ (Section 27) ' the electro- 
static flux from the ungrounded plate to 
surrounding objects represents an ad- 
ditional capacitance which' is effective 
in influencing the frequency of oscillation 
andmust, therefore, be considered. The 
following equations giving the stray 
capacitance, Cg^ expressed in micro- 
microfarads, for circular electrodes at 
the center of an infinite sphere may be 
used to calculate the approximate value 
of Cg if the specimen is at a distance of 
30 cm. (12 in.) or more from surrounding 
objects: 

Q = 0.177 d, when dimensions are in cm, 

Cg «= 0.449 d, when dimensions are in in. 


where : 

Cg = capacitance to earth (or space) 
of the ungrounded electrode, 
and 

d = diameter of the circular un- 
grounded electrode. 


Note: Example . — Suppose a capacitor to be 
formed with tin foil electrodes, one of which is 
smaller than the other, and suppose its capaci- 
tance to be measured by the resonant-circuit 
substitution method: 


Diameter of small electrode, 
Thickness of specimen, 
Measured Capacitance, 

Stray Capacitance, 

Inter -electrode Capacitance, 


d =* 5.0 in. 
t = 0.375 in. 
C* « 55.00 atiL 
Cg “s 2.25 Ulil. 
Ca « 11.78 


MP = 0.195 log — P = 1.85 nnf 

t 

NP « 0.103 P = 1,62 fjLfd 


K = 


Cx - MP -- Cg 
Ca + NP 


3.80 


Dielectric Loss Factor 

10. The energy loss per unit volume 
per cycle per squared voltage gradient 
in an insulating material is equal to the 
product of its dissipation factor and its 
dielectric constant, which product, in 
turn, is dielectric loss factor. 

Loss factor = D X K 


Test Specimens - 

Test Specimens 

11. Methods of test for a, number of 
kinds of insulating materials have been 
standardized by the American Society 
for Testing'' Materials, . These. A.S.T.M* 
Standards should be consulted for special 
requirements as to test specimens, such 
as preparation, size, treatment, etc. 

Note.— The following specifications and 
methods issued by the American Society for 
Testing Materials now contain special require- 
ments covering power factor tests in addition 
to those described in these methods: 

Tentative Specifications for Phenolic Laminated 
Sheet for Radio Applications (A.S.T.M. 
Designation: D 467)/ 

Tentative Specifications for Round Phenolic 
Laminated Tubing for Radio Applications 
(A.S.T.M. Designation: D 616)/ 

Tentative Methods of Testing Molded Materi- 
als Used for Electrical Insulation (A.S.T.M. 
Designation: D 48) 

Standard Methods of Testing Solid Filling and 
Treating Compounds Used for Electrical In- 
sulation (A.S.T.M. Designation; D 176),* 
Tentative Methods of Testing Varnished Cloths 
and Varnished Cloth Tapes Used in Elec- 
trical Insulation (A.S.T.M. Designation; 
D 295)/ and 

Standard Methods of Testing, Grading, and 
Classifying Natural Mica (A.S.T.M. Desig- 
nation: D 351).* 

(a) Sheets and Plates —Fox testing 
sheet materials and molded or ceramic 
materials in plate form at frequencies 
up to 5 megacycles per second, the test 
specimen shall be, preferably, either a 
disk 4 to 6 in. (10.16 to 15.24 cm.) 
in diameter, or a square plate 4 to 6 in. 
(10.16 to 15.24 cm.) on a side. Pref- 
erably, the thickness shall be not less 
than 0.1 in. (0.254 cm.) nor more than 
0.3 in, (0.762 cm.). Other thicknesses 
may be used where it is desired to test 
materials of the various thicknesses in 
commercial use. In any case, the ca- 
pacitance of the specimen shall be, 
preferably, not less than 70 ^juf. Hwo- 
ever, it is not intended that this mini- 
mum value be rigidly adhered to, 

8 Appears m this publication, see Contents in Numeric 
Sequence of A.S.TJMT. Designations at front of book. 
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provided the precision of the measure- 
ment meets the intended accuracy of the 
test method. When using the resonant 
circuit, resistance variation method, stray 
capacitances become troublesome and 
influence adversely the precision of 
measurement when the capacitance of 
the specimen is much less than TO jujxf. 

For tests made at frequencies from 
1.0 to 100 megacycles per second, the 
test specimen shall be, preferably, in 
the form of a disk 2 in. (5.08 cm.) in 
diameter. However, the specimen di- 
ameter should be equal to, but may be 
less than, the diameter (see Section 
28 (J)) of the electrodes of the capacitor 
which holds the specimen. Material in 
commercial use will determine the thick- 
ness of the specimen under test. In any 
case, the capacitance of the specimen 
shall be, preferably, not less than 15 ju/^f. 
nor more than 45 ju/zf. although satis- 
factory results may be obtained with 
specimen capacitances from 3 to 80 jitjuf . 

For all tests, the thickness of the 
specimen shall be uniform within plus 
or minus 5 per cent of the nominal thick- 
ness and the surface shall be as smooth 
and free as possible from irregularities. 

(b) Films,— For testing films of in- 
sulating varnish, lacquer, or paints, the 
test specimen shall be prepared as 
specified for the dielectric strength tests 
on copper base in Section 11 of the 
Tentative Methods of Testing Varnishes 
Used for Electrical Insulation (A.S.T.M. 
Designation: D 115) of the ilmerican 
Society for Testing Materials.^ The 
copper or brass plate shall be one 
capacitor plate, and tin foil the other. 
The capacitance of the specimen shall 
be, preferably, not less than 70 /4/if. 
However, it is not intended that this mini- 
mum value be rigidly adhered to, pro- 
vided the precision of the measurement 
meets the intended accuracy of the test 
method. Both varnish films may be 
tested individually. 


(c) , For,, .testing,, rolled or 

molded laminated tubes or ceramic 
tubes, the test specimen shall have the 
diameter and wall thickness of the 
material it represents, and shall be of 
sufficient length to provide a capacitance 
preferably not less than 70 /t/xf. How- 
ever, it is not intended that this mini- 
mum value be rigidly adhered to, 
provided the precision of the measure- 
ment meets the intended accuracy of 
the test method. The thickness shall 
be uniform to plus or minus 5 per cent, 
and the surfaces shall be smooth and 
free from irregularities. 

(d) Liquids }^ — The liquid shall be 
tested in a suitable test cell in which the 
ratio of surface to thickness pi liquid 
layer is sufficient to provide a capacitance 
preferably not less than 70 /i/xf. How- 
ever, it is not intended that this minimum 
value be rigidly adhered to, provided 
the precision of the measurement meets 
the intended accuracy of the test 
method. Three forms of test cells that 
have been found satisfactory for testing 
oils, filling and treating compounds, and 
other insulating liquids are shown in 
Appendix III. Cells of different con- 
structions from those described may 
yield equally satisfactory results if the 
principles involved are scrupulously ob- 
served. 

Conditioning 

12. The dielectric properties of most 
insulating materials are affected by 
temperature, humidity, pressure, ex- 
posure to air, etc. Hence, consider- 
able importance may attach not only 
to the condition of the material at the 
time of measurement but also to the 
treatment it has undergone in the im- 
mediate past. Reference should be 
made to any standard for the material 
under test to learn what conditioning 
treatment has been specified. If such 

Editorially revised in January, 1947. 
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specifications fiave not been formulated, 
the conditioning treatment to be given 
prior to measurement shall be agreed 
upon by the interested parties. , ^ Air 
temperatures in conditioning chambers 
with volumes of, for example, 4 cu. m. 
(140 cu. ft.) may readily be main- 
tained constant within plus or minus 
1 C. (1.8 F.). A satisfactory method of 
maintaining constant humidity in a 
chamber is given in Section 11 of the 
Standard Methods of Test for Insulation 
Resistance of Electrical Insulating Ma- 
terials (A.S.T.M. Designation: D 257) 
of the American Society for Testing 
Materials.® Whenever feasible, speci- 
mens should remain in the conditioning 
chamber during the measurements; the 
test leads must be suitably shielded 
(see Section 21). 

Electrodes 

Electrodes 

13. (a) Sheets and Plates . — When the 
method of measurement will permit, a 
guard ring shall be employed. In this 
case the unguarded electrode shall be a 
foil disk of the same diameter as the 
specimen while the guarded electrode 
shall have a diameter equal to about 
75 per cent of the specimen diameter 
with a guard ring extending to the edge 
of the specimen and leaving as narrow a 
space between guard ring and guarded 
electrode as is mechanically feasible. 
But in any case the radial width of the 
guard ring shall not be less than five 
times the thickness of the specimen. A 
very thin coating of a highly refined 
petrolatum or heavy mineral oil shall be 
used as an adhesive for foil electrodes. 
Such electrodes shall be applied under a 
smoothing pressure sufficient to eliminate 
all wrinkles. One very effective method 
is to use a narrow roller and to roll 
outward on the surface until no visible 
imprint can be made on the foil with 
the roller. The electrodes shall be ac- 


curately centered: with respect to each 
other and at least approximately cen- 
tered 'with respect 'to the specimen. 
When foil electrodes are not used, it 
will be necessary to press the rigid metal 
electrodes against the specimen with a 
pressure of several hundred pounds per 
square inch, unless ail surfaces are 
exactly plane and parallel. With mate- 
rials of high dielectric constant (above 
20), foil electrodes do not make suffi- 
ciently good contact and high-conduc- 
tivity silver paint or sprayed metal must 
be used. Such electrode material is 
also satisfactory for specimens with low 
dielectric constant. 

Mercury pool electrodes and guard 
ring may be employed but great care 
shall be exercised to prevent inclusion of 
small air bubbles between the mercury 
pool and the under surface of the speci- 
men floating on the pool 

Electrode arrangements which have 
electrodes extending to the edge of the 
specimen are not the most precise be- 
cause of the difficulty of preparing the 
specimens with good sharp edges and 
fixing the electrodes so that they extend 
exactly to the edges* The most ac- 
curate method for the determination of 
the dielectric constant, aside from the 
guard-ring method, is that using one 
electrode appreciably smaller than the 
other since then the electrodes do not 
have to be accurately centered on the 
specimen. 

For measurement at frequencies from 
0.1 to 100 megacycles per second by the 
susceptance variation method (Section 
28), the electrodes must cover the full 
area of both sides of the test specimen. 
One satisfactory method of applying 
such electrodes is to start with foil at 
least as large as the specimen and trim 
it to size with a razor blade after it 
has been rolled on. 

(5) FiZm.—For films less than about 
0.05 in. in thickness the error in dielectric 
constant incurred by omitting the edge 
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correction will usually be less than 5 
per cent. For still thinner films it will 
be necessary to take the same precau- 
tions as those recommended in Para- 
graph (e) for high dielectric constant 
materials. A guard ring, constructed 
as specified in Paragraph (a), shall be 
used when ' feasible. 

(c) Tubes,-— The outer electrode shall 
consist of tin foil or lead foil. The 
inner electrode shall consist either of tin 
foil or lead foil, or of mercury. When 
guard rings cannot be employed and 
the edge correction is to be eliminated 
by measurements with two lengths of 
electrodes, the electrodes shall be of the 
same length, accurately centered with 
respect to each other, and approxi- 
mately centered with respect to the 
specimen. The tube shall extend be- 
yond the larger electrodes by at least 
five times the wall thickness; the elec- 
trodes need be reduced in length from 
one end only in order to form the 
shorter electrodes. 

A very thin coating of petrolatum shall 
be used as an adhesive for foil elec- 
trodes. A cork or a wax plug provides 
means for holding mercury in the tube. 

Wberever the method of measurement 
permits, guard rings of foil at both ends 
of the outer electrode shall be employed. 

(d) Liquids,^— Some form of cell which 
will hold the liquid between suitable 
electrodes is usually employed. Three 
forms of ceils that have been found sat- 
isfactoty are shown in Appendix III. 
If the insulation at the bottom of the 
cell shown in Fig, 19 is perforated the 
electrode assembly may be used as 
an immersion unit, which is often 
convenient. Guard rings (or cylin- 
ders) should be used wherever the 
method of measurement will permit. 
The electrodes may be either coaxial 
cylinders or parallel plates. The me- 
chanical construction shaU be such that 
the relative positions of the electrodes 


■are not altered in the operation of filling 
the cell with the, test liquid, or in bringing 
the cell and its .contents to, the, desired 
test temperature. Also, the construc- 
tion of the cell must be such that in the 
cleaning operation all traces of a former 
specimen or cleaning solvent can be 
completely removed. Any insulation 
used in the constmction of the cell shall 
be of a material which will not contam- 
inate the test specimen; in the case of a 
liquid with very low power factor it is 
desirable to use a cell in which this 
insulation does not come into contact 
with the specimen. The electrodes shall 
not react with the specimen to alter its 
power factor. (See extended discussion 
in Appendix III.) 

Measurements at Other than Room 

Temperature 

14. (a) It is frequently desirable to 
measure the losses in materials at 
temperatures other than room tem- 
perature. In order to do this the appa- 
ratus for holding the specimen may be 
placed within an oven for elevated tem- 
peratures and a refrigerator for lower 
temperatures, and measurements shall 
be made while the specimen is in the 
conditioned atmosphere. In either case 
the temperature shall be controlled. 
Proper care shall be exercised in carrying 
the leads from the bridge to the specimen 
so that they are properly insulated and 
shielded. With the susceptance vari- 
ation method (Section 28) it is usually 
necessary to place all the apparatus, 
exclusive of the oscillator and sometimes 
the vacuum-tube voltmeter, in the tem- 
perature chamber. The maximum tem- 
perature at which measurements may be 
made is limited by the type of adhesive 
used to affix the electrodes, unless silver 
paint or sprayed metal is used as elec- 
trode material. 

(6) It is desirable to measure the 
humidity at all temperatures Hu- 
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midity; may xaiise changes ^ a large or 
'larger than those .caused: by temperature. 
The percentage, relative humidity and 
the period of time during which the 
specimen has been exposed to that 
humidity shall be reported. 

■Apparatus and Procedure 
'Choice of Method 

15. The frequency ranges for which 
the following, methods are, at present, 
deemed suitable, have been tabulated in 
Section 1 . As indicated there the ranges 
overlap for the several methods and the 
choice of method in any given situation 
will usually be determined by the labo- 
ratory equipment available, such as re- 
sistors, capacitors, detectors, amplifiers, 
insulating transformers, and the like. 
All procedures described in these meth- 
ods are capable of yielding results of the 
stated accuracy. 

Power Source 

16. The generating circuit may be 
any suitable source which can furnish 
sufficient current for the specified pre- 
cision of measurement or voltage gradi- 
ent in the dielectric. The wave form 
of the voltage applied to the bridge 
or existing at the terminals of the 
resonant circuit shall be approximately 
of sine-curve shape, having a distortion 
factor^ of not more than 5 per cent. 

Detector 

17. Any suitable detector may be em- 
ployed which has the specified sensitivity 
and which responds only to the fre- 
quency of the fundamental component 
of the voltage applied to the bridge or 
existing at two terminals of the resonant 
circuit. These conditions apply also 
to amplifying means used in conjunc- 
tion with the detectors and are im- 
posed in conformity with the definition 
of dielectric phase angle given in Section 

* The distortion factor of a voltage wave is the ratio of 
the effective value of the residue after the climmation of 
the fundamental to the effective value of the original 
wave. Am. Inst. Electrical Engrs., “Electrical Defini- 
tions/* paragraph 10. 95- 430, 


2 (5).' A selected list ■ of references to 
detectors in technical literature is given 
in Appendix I¥ of these methods. 

Accuracy and Sensitivity 

18. These methods contemplate an 
accuracy of determination of dielectric 
constant of plus or minus 5 per cent, 
and an accuracy of determination of 
power factor of plus or minus 5 per cent 
but in no case to closer than 0.0CM3L 
These accuracies are conditional upon 
the precision of measurement of the di- 
mensions of the specimen, care in appli- 
cation of electrodes, disposition of the 
component parts of the test circuits, and 
calibration of standard resistors and 
capacitors. The detector used shall 
have a sensitivity permitting deter- 
minations with an apparent accuracy 
at least twice that specified above. 

General Method of Measurement 

19. (a) The diagrams of four of the 
test circuits (Figs. 7, 9, 10, and 13) in 
the following sections represent the test 
capacitor Cx connected in parallel with 
a variable precision air capacitor C 2 . 
The procedure contemplated in these 
cases is first to secure a reading with 
the connections as shown, and then to 
remove from the circuit the specimen ca- 
pacitor, that is, Cx] following this the cir- 
cuit is restored to its previous condition 
by changing C 2 and varying the means 
for changing power factor, the rest of the 
bridge or resonant circuit remaining un- 
changed. The effects of various residual 
errors in other parts of the circuit are 
thereby minimized. The equivalent par- 
allel capacitance Cp of the test specimen 
will then be calculated, from the change 
in reading of the variable precision air 
capacitor, C 2 . 

(6) Frequently, a variable precision 
air capacitor is not available which 
can withstand the voltage to be applied 
to Cx] this is usually the case when the 
high-voltage Schering bridge of Fig. 8 
or the transformer bridge of Fig. 12 
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is required. Recourse must then be 
had to the direct comparison of, ■ 
with the comparison capacitor Ci,. In 
such cases, residual errors in the bridge 
should be minimized or determined by 
a calibration under conditions as closely 
similar as possible to those existing when 
the test specimen was being measured. 

Bridges ' , , 

20. Five bridge arrangements are 
shown in Figs. 7, 8, 9, 10, 11, and 12. 
These bridges have been found satis- 
factory for the purposes indicated but 
this is not to be taken as excluding other 
t 3 rpes of bridges of equal precision and 
convenience. The formulas for the 
equivalent parallel capacitance of the 
specimen Cp, and for the tangent of its 
loss angle, tan are given in a simplified 
form which is sufficiently accurate when 
the loss angles of the various bridge 
arms are small; the equations are fur- 
nished both for the change-of-standard 
method and for the direct comparison of 
capacitors without use of the change-of- 
standard method. When the loss angles 
of the bridge arms are greater than 
about 6 deg. (tan h = 0.1) or where a 
precision better than 1 per cent is 
desired, more elaborate formulas are 
required. These are given for each 
bridge in Appendix II. 

Shielding 

21. (a) Extensive shielding has been 
indicated on each bridge as being much 
the safest procedure when measuring 
capacitance to or better. Shields 
for all air capacitors are shown con- 
nected to the ‘‘low-voltage’^ plate since 
that is the usual condition under which 
most variable air capacitors are con- 
structed and calibrated. However, when 
“three-terminal capacitors” are avail- 
able, the shield of such capacitors should 
be connected to the general shielding 
system. The test capacitor’s shield and 
guard-ring (when one is employed) are 
connected to the general shielding system 


as are also the shields for the resistance 
units.' ■ Leads . from , the supply or, , in- 
sulating transformer to the bridge, and 
all bridge leads from terminals ^ and C 
are shielded. Except in the case .of the 
high-voltage Schering bridge (see Fig. 
8),' the shielding system is grounded. 
,With these precautions it is usually , un- 
necessary to shield the detector circuit. 
However, when a vacuum-tube amplifier 
is employed or high precision is sought, 
it is best to shield the detector circuit 
also and all low-voltage leads, as in- 
dicated in Figs. 8 and 9, 

{h) The “Wagner ground” connec- 
tion is indicated in each bridge (except 
the high-voltage Schering bridge) as a 
method to be used to bring detector 
potential to that of earth. In general, 
the resistors of the Wagner ground 
should be of the same order of resistance 
as the ratio arms, Rz and Ri, in order 
not to load the input transformer more 
heavily than necessary. It must be 
possible to adjust the ratio of these 
resistors with the same precision as the 
main bridge and for this purpose a low- 
resistance slide-wire is provided as 
shown in the figures. The capacitors 
required for the Wagner ground should 
have such a range that in their (opposite) 
extreme positions the difference in 
capacitance between them will cover any 
unbalance of stray capacitances be- 
tween the shields and the measuring 
circuit. A three-plate type of capacitor 
is useful for this purpose. A shield be- 
tween primary and secondary coils of 
the input transformer should be pro- 
vided and connected as indicated. A 
grounded shield, preferably in the form 
of a metal-screen cabinet or room, en- 
veloping the entire bridge set-up is 
desirable, especially at frequencies in the 
broadcast range. This shield and the 
shield shown about the specimen con- 
denser Cx should not approach the 
bridge elements so closely as to increase 
unduly the capacitance to ground. 
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(<;) The bridge diagrams indicate one 
side of the detector G permanently 
connected at bridge terminal Z>, be- 
tween the ratio armSj with a key pro- 
vided to 'Connect the other side of. G 
alternately to the bridge terminal B 
■and do the shielding system. In pro- 
ceeding with the test the bridge and 
Wagner ground are balanced alternately. 
This procedure is not laborious and is 
satisfactory for all but the most precise 



be made as precisely and completely 
. as the balance of the- bridge proper/ : : 

Conjugate Schering Bridge : 

22. (a) See Fig. 7v' This bridge is 
applicable for all frequencies from 25 
cycles per second up to 1 .0 megacycle per 
second. , and i 24 shall be identical 
resistor units of a type practically free 
from capacitance, with resistance of the 
order of 10,000 ohms for use at fre- 
quencies of the order of 10 kilocycles 
per second and less; lOOG-ohm units 
may be used for frequencies of the order 
of 1 megacycle per second if the capacity 
of the source warrants. The air capaci- 
tor, Czj is used to produce a positive 
reading for Ci when C 2 alone is in circuit; 
it should be no larger than is necessary 
for this purpose. 

(b) With the test condenser in 
place as indicated in Fig. 7, its switch 
shall be closed and the bridge balanced 
by successive adjustments of C 2 and C 4 , 
alternating with adjustments of the 
Wagner ground. When G shows com- 
plete balance with the key at B in 
either position the readings of C 4 and 
C 2 shall be recorded. Then the switch 
of Cx shall be turned to the shield and 
new balance values for C 4 and C 2 
obtained. From the four values thus 
secured the equivalent parallel capaci- 
tance and the loss angle of the specimen 
capacitor C*, may be calculated from 
the following approximation formulas; 
see Appendix II for exact formulas: 


work. For work of the highest precision 
it becomes essential to keep the detector 
constantly at ground potential. In 
that case, one side of G is permanently 
attached to the shielding system while 
the other side is alternately connected 
to the bridge terminals D and B with 
successive balancings of the Wagner 
ground and of the bridge, respectively. 
Under this procedure it is imperative 
that the balance of the Wagner ground 


Gy — Cs 


D — tan 5 — 


C2 C', 


X 


2TfR,{C\ - G) 
lOia 


.( 1 ) 


( 2 ) 


where: 

c. = 


equivalent parallel capacitance 
of the test capacitor formed 
from the test specimen, in 
micro-microfarads, 
capacitance of the variable air 
capacitor in parallel with C* 
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when; the latter is in circuit, 
invmicro'microf^^ 

Ct ' = capacitance of the' variable air 
capacitor when balance has 
been restored after the test 
capacitor has been dis- 
connected from the circuit, 

, in micro-microfaFads, 

,04 = capacitance of the capacitor 
C4 at' balance when C® is in 
circuit, in micro-microfarads, 

C4 = capacitance of the capacitor 
C4 at balance when C* is out 
of circuit, in micro-micro- 
farads, and 

/ « frequency, in cycles per second. 

The formulas given in Appendix II must 
be used when both CU — Ca and C3 are 
large. 

(c) If the change-of~standard method 
is not used, dependence may be placed 
on a single set of observations in a direct 
comparison of C« with Ci, the corrections 
to be applied to the observations having 
been determined by other means. In 
this case, C2 shall be removed and Ci 
shall be a variable standard air capacitor. 
At balance, approximately, the following 
relations hold and the calculations may 
be made from these formulas; see Ap- 
pendix II for exact formulas: 

C, = Ci^ (3) 

D- tan 8 = ^ X due, - R>C,) . . . (4) 

where: ; 

: . md Ra ^ the resistances of the 

ratio arms, in ohms, 

' :C® and C4 tEe“'“^correspQ|iding ca- 
pacitances at balance 
of the capacitors 
across Rz and Ra, re- 
spectively, in micro- 
microfarads, and 
Cl = the capacitance of the 
variable standard ca- 
pacitor at balance, in 
micro-microfarads. 


be used when both C4 and C3 are large. 
High Voltage. Schering Bridge ' , 

23. (a) See Fig. 8. : This bridge is use-, 
ful where the voltage required across the 
specimen capacitor is in' excess of about 
100 V., and is applicable for all frequen- 
cies from, 25 cycles per second up to 
about 10,000 cycles per second, the chief 
limitations at the higher frequencies be- 
ing the amplifier used with the detector 
and the elimination or evaluation of 
stray capacitance in the resistor Rz. 
When Cl can be made adjustable so that 
the arms i^3 and i?4 can be identical 
resistors the method is applicable to 
frequencies up to 1.0 megacycle per 
second. Ra shall be a fixed resistance 
practically free from capacitance, of such 



Fig. 8. — High-Voltage Schering Bridge 
(Complete Shielding). 


magnitude as to give a fall of potential 
across it sufficient to achieve the speci- 
fied detector sensitivity. Rn likewise 
shall be practically free from capacitance; 
it shall be variable in steps at least as 
small as 0.1 per cent of its value at 
balance, not for the precision required 
but in order that balance may be com- 
pleted; for measurements of small power 
factors ability to change Rz in steps as 
small as 0.01 per cent of its value will 
be convenient. The air capacitor C\ 
shall be insulated to withstand the volt- 
age to be applied to the test capacitot 
Cx without setting up ionization losses. 
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crder of capacitance of ,. Cx. The .air 
capacitor. Cs may be of the order of 
SO /i/if- 

(b) Balance shall be obtained with 
the switch at G connected successively 
to bridge terminal C.and to the shields. 
Unless the power factor of the stray 
capacitance to the shields is higher than 
the power factor of Cxit will be necessary 
to use the' inductometer £5 in series 
with the resistor R& rather than the 
parallel capacitor C 5 in ■ order to 
balance screen potential However, it 
is seldom necessary to balance the inner 
shields for phase.^^ Also if the capaci- 
tance to the shields is small, may be 
inconveniently large; in that case a 
suitable capacitor, with insulation ca- 
pable of withstanding circuit voltage, 
may be connected from terminal B to 
the inner shield S 3 ^stem. 

(c) When balance is complete the 
equivalent parallel capacitance of Cx 
and its loss angle may be calculated 
from Eq. 3 and Eq. 4, respectively, as 
given in Section 22. It is always wise 
to demonstrate the accuracy of the 
bridge readings by substituting, at 
intervals, for Cx, a capacitor of known 
capacitance and loss angle. 

Parallel Resistance Bridge 

24. (a) See Fig. 9. This bridge is 
applicable for all frequencies from 25 
cycles per second up to 1.0 megacycle 
per second. Rz and i ?4 shall be identical 
resistor units of a type practically free 
from capacitance, with resistance of 
the order of 10,000 ohms for use at 
frequencies of the order of 100 kilo- 
cycles per second and less; 1000 -ohm 
units may be used for frequencies of 
the order of 1.0 megacycle per second; if 
the capacity of the source warrants. 
The resistor i?i may be a „ fixed u.mt, the 
value of which is suited to the frequency 
employed in the measurement and to 

B. Kouwenlioveni and Alfredo Banos, Jr., “Higli 
Sensitivity Power Factor Bridge,” TransacUom, Ain. Inst. 
Electrical Engrs., VoL SI, p. 202 (1932). 


the capacitance and conductance of the 
specimen; it sha,ll;, be., practically, free 
from capacitance. shall be variable, 
with a range up, to .the ' .value., of .Ri 
employed and the change , in its ca- 
pacitance, if appreciable, must be. known 
as its value is altered to restore balance 
when.' the test capacitor Q has,' been 
disconnected.^^ may be composed 
with advantage of two parts, one of 



which is variable in steps of 10,000 ohms 
while the other part is represented in a 
four-dial or five-dial resistance box. 

(&) A balance of both bridge aiid 
Wagner ground shall be secured with 
Cx in circuit, and then with Cx out of 

In general, i t is desirable to have these resistances at 
least as large as the reactance of the test condenser; 
otherwise the bridge loses in sensitivity for the capaci- 
tance balance. Also Rs must be subdivided sufficiently 
to complete the conductance (power factor) balance. For 
example; The reactance of 100 jifif. at 100 kilocycles per 
second is 15,916 ohms. If Ri is of the order of 10,000 
ohms, a power factor difference of 0.0001 corresponds to 
a change in Rs of about 0.6 ohm and Ra should have a 
dial which permits a setting to at least i ohm. If Ra were 
of the order of only 1000 ohms, a power factor change of 
0.0001 would correspond to a change in Rs of only 0.006 
■,ohm, . ' ■ 
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circuit. The capacitance and loss angle 
of Cx may be calculated from the follow- 
ing approximation formulas; see Ap- 
pendix II for exact formulas: 

■ Cp Cz (5) 


D a® tan 5 


iR \ - Rz ) X 10^^ 

Zrf R'MCr - ^ 


where: 

Cp = equivalent parallel capacitance 
of the test capacitor formed 
from the test specimen, in 
micro-microfarads, 

C\ = capacitance of the variable air 
capacitor in parallel with Cx 
when the latter is in circuit, 
in micro-microfarads, 

C 2 = capacitance of the variable air 
capacitor when balance has 
been restored after the test 
capacitor Cx has been dis- 
* connected from the circuit, 
in micro-microfarads, 

R\ == resistance at balance of the 
resistor in parallel with the 
capacitor C 2 , when is in 
circuit, in ohms, 

R 2 == resistance at balance of , the 
resistor in parallel with the 
capacitor C 2 , when Cx is out 
of circuit, in ohms, and 
/ = frequency, in cycles per second, 

(c) If the change-of-standard method 
is not used dependence shall be placed on 
a single set of observations in a direct 
comparison of C* with Ci, the corrections 
to be applied to the observations having 
been ^ determined by other means. In 
this case, C 2 shall be removed, Ci shall 
be a variable standard air capacitor, and 
the resistance balance shall be secured 
by varying Ri, At balance, approxi- 
mately, the following relations hold and 
the calculations may be made from these 
formulas; see Appendix II for exact 
formulas: 





■ 

101* i 

{ 1 

1 N 

) (8) 

= tan a — 





Cp*; 


where; 

i^s and i^ 4 , “ resistances :of the ratio 
arms in ohms, 

Ri and Ri == resistances in ' parallel 
with the capacitors. Cl 
and Cx^ respectively, 

' in ohms, and'. ■ 

Ci = capacitance, of . the vari- 
able ' standard' air ca- 
pacitor at balance, in 
.micro-microfarads. ; 

Series Resistance Bridge ■ 

25, {a) See, Fig. 10. This bridge is 
applicable for all frequencies from 200 
cycles per second up to 1.0 megacycle per 


B 



second. Rz and R^ shall be identical 
resistor units, of a t}q)e practically free 
from capacitance, with resistance of the 
order of 10,000 ohms for use at frequen- 
cies of the order of 100 kilocycles per 
second and less; 1000-ohm units may 
be used for frequencies of the order of 1.0 
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megacycle per . second if the capacity of ' iS'i = resistance in series with the 


the source warrants. The resistor Ri 
shall be practically free' from capaci- 
tance;. it' shall ' be ' variable up to about 
I'QO, 000 '.ohms for frequencies of the order 
of , 200 , cycles , per second and power 
factors, of the order of 0.02 or smaller; 
a minimum, step of 1 ohm will usually be 
adequate for this resistance up to fre- 
quences of the order of 100 kilocycles 
per second. The air capacitor Cs shall 
be used to produce a positive reading for 
Ri when Cs alone is in circuit; it shall be 
no larger than is necessary for this pur- 
pose. The variable resistor Ri is in the 
“high” side of the bridge; it is shown 
double-shielded; this will tend to fix its 
capacitance to earth. Special dial knobs 
may be required to avoid variable stray 
capacitance to the hand. 

(5) A balance of both bridge and 
Wagner ground shall be secured with C* 
in circuit and then with C^; out of circuit. 
The capacitance and loss angle of C, 
shall be calculated from the following 
approximation formulas; see Appendix 
II for exact formulas : 

......(9) 


capacitor Ci at balance when 
Cx is in circuit, in ohms, 

Ri = corresponding resistance w^hen 
Cx is out of circuit, in ohms, 
and 

/ = frequency, in cycles per second. 

(c) If the change-of-standard method 
is not used dependence shall be placed 
on a single set of observations in a direct 
comparison of C* with Ci, the correc- 
tions to be applied to the observations 
having been determined by other means. 
In this case, C2 shall be removed and Ci 
shall be a variable standard air capacitor. 
At balance, approximately, the follow- 
ing relations hold and the calculations 
may be made from these formulas; see 
Appendix II for exact formulas: 

C^= (11) 

As 

lirf 

tan d « ~ (CiRi - CM . . . . (12) 

where: 

Rs and R^ = resistances of the ratio 
arms, in ohms, and 
C3 = capacitance of the air 
capacitor across in 
micro-microfarads. 


where: 

Cp = equivalent parallel capacitance 
of the test capacitor formed 
from the test specimen, in 
micro-microfarads, 

C'2 = capacitance of the variable air 
capacitor in parallel with Cx 
when the latter is . in circuit, 
in micro-microfarads, 

C2 = capacitance of the variable air 
capacitor when balance has 
been restored after the test 
capacitor C* has been dis- 
connected from the circuit, 
in micro-microfarads, 

Cl == capacitance of the comparison 
air capacitor, in micro-micro- 
farads, 


Transformer Bridge^^ 

26. See Figs. 11 and 12. This bridge 
is applicable for all frequencies from 25 
cycles per second (or lower) up to 1000 
cycles per second (or higher) for which 
suitable transformers (phase angles not 
larger than a few minutes) are available. 
This method is especially recommended 
for measurements at high voltage gradi- 
ents in the specimen and w^here the 
highest precision is not required but 
speed in operation is desirable. Com- 
plete shielding is secured in this method 
without the need for a guard balancing 
circuit. Only one form of the bridge is 

J, B. McCurley, W. B. Kouwenhoven, and P. H. 
Dike. “The Transformer Bridge/' Proceedings^ Am. Soc 
Testing Mats., Vol. 3S, Part 11, p. 734 (1935). 
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shown; other forms, are equally available. 
.Figiirell is ;a dmgram,matic representa- 
tioE, in the form used, for the preceding 
bridges.,' Figure, 12 shows the shielding 
arrangements. ' , Ess £ 4 , and EU are. 
transformer secondary coils of which 
the primary coils ■ are excited from the 
same source; instantaneous polarities' of 
these coils' are mdicated. 



Fig< 11. — Diagrammatic Representation of 
Transformer Bridge. 



be secured by varying and Ri, ■ ^ This 
may be called the preliminary balance. 
Next Cx shall be grounded while C2 is 
put into circuit. Balance .shall be se- 
cured by varying C% and Ci shall be 
left at the ^^preliminary’’ setting. At 
the third balance, the switch S shall be 
returned to its first position with C*. in 
circuit and C 2 grounded; balance; shall 
be secured, only by . a change in Ri. 
Then, with only a very small degree of 
approximation (see Appendix II): 

Cp C 2 .,(13) 


D = tan t = 


{Ri - X 10^ 
2wfC\R'iR'\ 


.....(14) 


where: 

Cp == equivalent parallel capaci- 

tance of the test capacitor 
formed from the test speci- 
men, in micro-microfarads, 

C 2 = capacitance of the variable 

standard air capacitor, in 

the second balance, in 

micro-microfarads, 

C'l = capacitance of the “low-yolt- 
age” capacitor, unchanged 
after the first balance, in 
micro-microfarads, 

R\ = resistance of the ‘‘negative” 
resistor, as selected for the 
first balance, in ohms, 

= resistance of the “negative” 

■ resistor in the third balance, 
in ohms, and 

= frequency, in cycles ■ per 
second. . ' . 


(a) Three-Balance Method^ C 2 Vari- 
able . — When the capacitor C 2 is a vari- 
able standard air capacitor, insulated to 
withstand the voltage to be applied to 
the test capacitor Cx without ionization 
losses setting in, the balancing shall be 
performed as follows: There are three 
steps to the balancing operation. With 
Cx in circuit and C 2 grounded, Ri shall 
be set at 10,000 ohms ( 100,000 ohms) 
or any convenient value; balance shall 


{h) Two- Balance Method^ C% Fixed.— 
When there is not available a variable 
standard air capacitor capable of with- 
standing the test voltage, a fixed value 
standard air capacitor shall be employed 
for C 2 .' Two "balances only , will be 
required in., this, case. , .. The first shall be 
made with 'Cx in circuit; Ri shall be set 
at 10,000 ohms ( 100,000 ohms) or any 
convenient value; balance shall be se- 
cured by varying Cl and i^ 4 . Next Cg 
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shall be put into circuit, C* being 
grounded and balance shall be secured 
by varying Ci and Ri. Then, with only 
a small degree of approximation (see 
Appendix II): 

= (IS) 

10 “ / 1 1 

D - tan 5 = 

“ R'iC'i Ji'iC",) 

where: 

Cp = equivalent parallel capacitance 
of the test capacitor formed 
from the test specimen, in 
micro-microfarads, 

Ca = capacitance of the standard 
air capacitor, in micro- 
microfarads, 

C'l = capacitance of the ‘dow-volt- 
age’^ capacitor in the first 
balance, in micro-micro- 
farads, 

C^i ~ capacitance of the ‘low-volt- 
age” capacitor in the second 
balance, in micro-micro- 
farads, 

jR'i = resistance of the “negative” 
resistor in the first balance, 
in ohms, 

R^\ = resistance of the “negative” 
resistor in the second bal- 
ance, in ohms, 

i ?'4 = resistance of the “positive” 
resistor in the first balance, 

. in ohms,', 

/ == frequency, in cycles per second, 

: and. 

K ' = EA/Eiy the ratio of the “posi- 
tive” voltage to the “nega- 
tive” voltage. This ratio 
is usually near unity, al- 
though it may have other 
values especially when it is 
desirable to secure a more 
eonvenient value for Ri, 
When it is near unity its 
value may be secured from 


two successive comparisons 
of Ct and Ci, before and 
after reversing the primary 
and seconda,ry .connections 
so that Cl IS supplied first 
from the “negative” voltage 
side of the 'transformer (as 
shown in Fig. 12) and then 
from the “positive” side 
(see Appendix II). 

Resonant Circuit, Resistance Variation 
Method 


27. (a) See Fig. 13. This method is 
applicable for frequencies from about 100 
kilocycles per second up to 1.0 megacycle 



Fig. 13. — Resonant Circuit, Resistance Variation 
Method. 


per second. The oscillator shall have a 
power rating sufficient to prevent any 
large reaction on frequency or voltage 
output when coupled to the measuring 
circuit. Several coupling coils will be 
needed when test measurements are 
to be made over a range of frequen- 
cies. The capacitor C 2 shall have a 
range up to say 200 iipl, and shall 
be adjustable to 0.5 ju/if. or better. 
It may be necessary, at some frequen- 
cies, to supplement C% with a sec- 
ond capacitor C^, (shown in dotted 
line in Fig. 13) connected across the 
terminals of . the coupling coil. The 
switches 1, 2, and 3 shall be formed with 
short links of copper wire dipping into 
mercury cups mounted on rods or tubes, 
4 to 6 in. (10 to 15 cm.) in length, of 
quartz or high -resistivity glass. The 
resistors represented by R in Fig. 13 
shall be short lengths of high-resistivity 
nonmagnetic wire (advance or manganin 
is suitable) sealed glass tubes for 
convenience in handling, arranged to 
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bridge the mercury cups of switch^ 3. 
For most work a range of resistance 
from 0.5 ohm to 20 or 30 ohms will be 
adequate. 

(5) The indicator of resonance and of 
the current strength may be either an 
ammeter T, or a vacuum tube volt- 
meter F. Both are shown in Fig. 13. 
The ammeter A shall consist of a low- 
resistance heater, preferably of less than 
2 ohms resistance, with a thermocouple 
which used in conjunction with a short- 
period low-resistance reflecting galva- 
nometer shall give a full scale deflection 
for a current in the order of 10 to 20 ma. 
The vacuum tube voltmeter shall have 
reasonably small interelectrode capaci- 
tance and losses. The specimen shall be 
mounted on insulating pillars to reduce 
stray capacitance of adjacent objects 
and the “high’’ lead from switch 1 to the 
“high” electrode shall be as short as 
possible. The measurements shall be 
carried out inside a metal screen shield- 
ing enclosure and it is usually desirable 
to interpose a grounded screen between 
the coupling coil and the oscillator which 
serves as the source.^^ 

(c) For the first step, a suitable cou- 
pling coil shall be selected, switches 1, 2, 
and 3 shall be closed with the copper 
links, the source oscillator shall be 
brought to the desired frequency and the 
resonant circuit tuned by varying Ct 
and also by introducing Ct if necessary. 
The coupling between the measuring 
circuit and the source shall then be 
altered to give a satisfactorily large 
deflection of the ammeter or voltmeter, 
whichever is being used.- A careful 

15 The series inductance and resistance of the leads in 
the circuit of C® from the junction with the circuit of Ca 
may produce serious errors. The leads should be kept as 
short as possible and form as small a loop as possible. If 
several values of capacitance, which have been otherwise 
standardized, can be inserted in the place of the specimen 
capacitor, Cx, with no other change in the configuration of 
the circuit, the inductance and resistance of the leads may 
be determined. The inductance and equivalent resistance 
of the circuit of the variable standard capacitor, C 2 will 
sometimes require evaluation at the higher frequencies. 
See paper by R. F. Field and D. B. Sinclair, “A Method for 
Determining the Residual Inductance and Resistance of a 
Variable Air Condenser at Radio Frequencies,” Proceed- 
ings^ Inst. Radio Engrs., Vol. 24. p. 2SS (1936) . 


adjustment of C 2 for perfect resonance 
shall then be made and the reading of 
the ammeter or voltmeter recorded. 
The links at switches 1 and 2 shaU now 
be removed, the link at switch 3 shall 
be replaced with a resistor, say of 10 
ohms. Resonance shall be again se- 
cured by varying C 2 . A value of R shall 
then be inserted which will give a slightly 
’larger deflection than when C® was in 
circuit; this shall be followed by other 
values of R to give deflections as nearly 
equal as possible to that obtained with 
Ca;, and other values of i? to give some- 
what smaller deflections. A slight read- 
justment of G may be necessary and 
shall be recorded. The values of R and 
C 2 which will give the same deflection 
as with Cx in circuit shall then be ob- 
tained by interpolation. 


D=tan5= - X IvjCtRi X 10-“. (18) 

C2 — C 2 

where: 

Cp = equivalent parallel capacitance 

. of the test capacitor formed 

from the test specimen, in 
micro-microfarads, 

C '2 = first resonant value of standard 
capacitor with C® in circuit, 
in micro-microfarads, 

C 2 = second resonant value with C® 
out of circuit, in micro- 
microfarads, 

Ri = interpolated value of series 
resistance to give same reso- 
nant current (or voltage) as 
with Cx in circuit, in ohms, 
and 

/ = resonant frequency, in cycles 

per second. 

Resonant Circuit, Susceptance Variation 

Method 

28. {a) This method has been found 
satisfactory for frequencies from as low 
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as 10 kiloeydes per second' up to 100 
megacycles per second; and is especiaEy 
recommended , for use ■ at frequencies 
above 1.0 megacycle per second. The 
method makes use of the fact that the 
width of the resonance curve of a tuned 
circuit depends on the ' circuit conduc- 
tance so that it is possible to determine 
the equivalent parallel circuit conduc- 
tance (and power factor) from measure- 
ments, first of the resonance capacitance, 
and then of the capacitance changes to 
both sides of resonance required to 
reduce the voltage across the capacitor 
to a chosen fraction of the resonance 
voltage. The loss angle of the circuit 
is then defined by the equation: 


Z) *= tan 8 ~ 


AC P 

2CVl - P^ 


(19) 


where: 

C ~ capacitance in the circuit at 
resonance, 

AC == total change in capacitance 
required to detune to a 
voltage V first on one side 
and then on the other side 
of the resonance voltage 
Fr, and 

P - V/Vr 


When the voltage ratio is chosen as 
AC 

0.707, tan $ 


These readings will yield the loss angle 
of the total circuit being measured in 
which the test specimen capacitor has 
been included. A second set of observa- 
tions shall now be made with the test 
specimen capacitor removed and with the 
circuit retuned with no other change in 
the circuit than the adjustments of a 
variable capacitor to reestablish reso- 
nance and to give the two off-resonance 
capacitances at the fractional voltage. 
The equivalent conductance (and power 
factor) of this remaining measuring 
circuit shall then be calculated in ac- 
cordance with Eq. 19. The capacitance 


and "the parallel: conductance and power 
factor of the specimen capacitor shall be 
obtained by difference; see Paragraphs 
{h) and (i). 

The inductances of the circuits con- 
taining the specimen capacitor and the 
variable standard capacitor become in- 
creasingly troublesome as the measuring 
frequency is increased.^® If the variable 
standard capacitor used is a two-pkte 
capacitor, with plate diameters equal to 
the diameter of the specimen capacitor, 
then the first set of readings may be 
taken with the specimen capacitor held 
between the plates of the variable 
standard capacitor and the second set of 



Fig. 14.— Resonant Circuit, Susceptance 
Variation Method. 


readings, with the specimen removed, 
may be taken with the plates of the 
variable standard brought together to 
reestablish resonance. By this pro- 
cedure the geometry of the resonant 
circuit is practically identical in the two 
sets of measurements and the trouble- 
some effects of inductance, resistance, 
and change in stray capacitance may be 
kept smaller than the desired limit of 
accuracy up to frequencies above 100 
megacycles per second. Although it is 
understood that this procedure may not 
be essential at frequencies of the order 
of 1 megacycle per second and lower, the 
foEowing Paragraphs {h) to (j) describe 
in detaE the procedure for use at the 
higher frequencies. 

(6) The measuring circuit (see Fig. 14) 
shaE consist of an inductor L and a cali- 
brated variable paraEel-plate capacitor 
Cs, in which the plates have a diameter of 
2JQ in. This capacitor also serves as a 
holder for the specimen and shall be 
sufficiently rigid in construction to resist 
distortion when holding the specimen. 
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An additional variable,, air,. capacitor. Ci 
shall be used to tune the circuit to the. 
specified frequency, otherwise L shall 
be selected of the order of inductance 
required for the frequency level desired 
and the oscillator source shall be ad- 
justed to resonate the test circuit. 
One and sometimes two vernier air 
capacitors Ct, are useful for detuning the 
circuit to the chosen voltage ratio 
F/Fr. The fixed (“high’O plates of 
and Cv should be common, if possible, 
while their movable plates shall be ef- 
fectively grounded. Also the movable 
plates of these two capacitors shall be 
mounted on screws with a fine thread. 
The conventional micrometer head 
having 40 threads to the inch has been 
found mechanically satisfactory, but to 
promote stable electrical performance it 
may be necessary to shunt the thread 
contact with a low and constant im- 
pedance path such as a mercury well or 
a flexible copper screen. A parallel- 
plate capacitor with electrode diameters 
of 2 in. will have a useful capacitance 
range from about 70.7 umL at 10 mils 
to /.07 at 100 mils separation. 
To obtain high sensitivity the 
(<2 = 0 ? L/R) of the inductance coil used 
shall be at least 200. The residual cir- 
cuit capacitance shall be kept at a 
minimum and the insulating supports 
used for parts not at earth potential 
shall have low dielectric loss. 

(c) Although the capacitance of the 
test capacitor Cx is practically equal to 
the ‘"geometric^’ capacitance of the paral- 
lebplate capacitor C 2 as calculated from 
the area of its plates and their spacing at 
the second resonance setting according 
to the formula in Section 7 (6), there is 
some change with spacing in the edge 
effect of the plates which cannot be 
ignored when thick plates are used, and 
there is the likelihood that lack of 
parallelism of the plates even with the 
most careful machine work will become 
troublesome at the very small spacings 


■frequently required for .resonance after 
removal of the specimen. It is well 
therefore to carry out a calibration of C 2 
by comparison at an audio .. frequency 
■ with a suitable , precision capacitor, 
taking frequent observations during the 
last revolution of the movable plate 
before contact. In such a calibration, 
the capacitance assigned to a setting cor- 
responding to the thickness of the speci- 
men should be taken as the capacitance 
calculated from the dimensions, any 
deviation from this value being con- 
sidered as a fixed, stray capacitance 
which is part of Cj. As a practical pro- 
cedure, however, and in order to secure 
a fixed calibration curve, the capacitance 
assigned to a setting of 100 mils shall be 
that calculated from the dimensions, 
and the remainder of the calibration 
shall be adjusted accordingly. 

(d) A vacuum-tube voltmeter having 
a low input capacitance and power fac- 
tor shall be used as the resonance in- 
dicator. Approximate values for a satis- 
factory voltmeter are a capacitance of 
10 jx/uf. and a power factor of 0.01. Al- 
though it is not necessary that the 
instrument shall register correctly the 
voltage in volts, at its terminals, it is 
essential that the relative voltage scale 
of the instrument shall be known with 
the desired precision. A vacuum tube 
with a low input capacitance, such as the 
“acorn” type of tube, may be employed 
in either diode or triode connection. 

(e) The oscillator may be any suitable 
vacuum-tube generator of sufficient sta- 
bility and power output so that the fre- 
quency, in particular, and to a less extent 
the amplitude at the output terminals, 
shall not vary with temperature, time, 
small fluctuations in supply voltage, or 
with the change in loading conditions 
which occurs during the measuring 
period of each specimen. Resistive, 
capacitive, or inductive coupling may be 
employed. The degree of coupling shall 
be su^ that the reaction of the tuned 
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circuit on the oscillator is negligible. 
In, any case increasing the degree of 
coupling has the effect of increasing the 
effective resistance of the resonant 
circuit. In general tan 5 with specimen 
removed shall not exceed 0.01 and should 
be made as small as possible. 

(f) The oscillator j measuring circuit, 
and vacuum-tube voltmeter shall' be 
individually screened and shall be 
mounted on a copper plate to which the 
measuring circuit is connected by a short 
massive copper conductor. Connections 
between the three units shall be com- 
pletely screened using, for example, con- 
centric-conductor leads, 

(g) The measurement may be made 
by either of the two procedures de- 
scribed in Paragraphs (k) and (i), 

(h) Change-of -Capacitance Procedure , — ^ 
The specimen capacitoty with electrodes 
affixed, shall be clamped in the parallel- 
plate capacitor holder, Cn and the cir- 
cuit resonated at the desired frequency 
by varying Ct (or it may be sufficient to 
tune the oscillator to the circuit). The 
maximum voltage V i shall be noted and 
the vernier condenser Cv shall be then 
slowly changed until the voltage is 
reduced to 0.707 F’l, first on one side, 
then on the other, of the resonant 
point. The corresponding capacitance 
values Cl and C\ shall be recorded. 
Ck, shall be restored to resonance setting. 

After removing the specimen, the 
circuit again shall be returned to reso- 
nance by,, means of the parallel-plate 
capacitor Ca, the oscillator and Cf re- 
'maining undisturbed. The maximum 
vo,ltage Fo ' shall be noted and .the 
capacitance value, Cr of the parallel- 
plate capacitor shall be recorded. The 
capacitance change .to .reduce the cir- 
cuit voltage to 0.707 F® shall be deter- 
mined by. . detuning on each side of, 
resonance as before and the correspond- 
ing ' vernier ' capacitances Co", and Co 
shall be recordedvl. 

Then: ■ 


ACi = Ci-Ci' AC, = C. 

-C' 

ACi-ACo 

.... ..(20) 

D = tan S = — . . . 

■ ■ , 2Cp '. 

Cp = a - ci + c^ . 

......(21) 

where: 


Cp = capacitance of the , specimen, ' in: 

micro-microfarads, 


Cr = calibration capacitance 

,: of the 

parallel-plate capacitor C 2 at the 


second resonance adjustment, 
C 2 = calibration capacitance of the paral- 
lel-plate capacitor C 2 at a setting 
equal to the measured thickness 
of the specimen dielectric, and 
cl — calculated capacitance of C 2 at a 
setting equal to the measured 
thickness of the specimen. If 
S (in inches) is the thickness 
of the specimen and A (in 
square inches) is the plate area, 

C' = 0.2249 I . 

Equation 21 is intended to take care of 
the change in edge correction capacitance, 
inequality in screw thread, and ec- 
centricity of plates, which occur as the 
plates of C 2 are advanced for the second 
resonance adjustment. If the thick- 
ness of the specimen .5 happens to be 
0.100 in., C 2 = Cl, and for this particular 
case, Cp = Ct (see Paragraph {c)). 

(i) Change-of -Voltage Procedure . — 
This procedure makes use of the resonant 
voltages of the circuit with the specimen 
“in^’ and ‘^out/^ and of the AC required 
to detune the circuit to 0.707 voltage on 
either side of the resonant voltage with 
the specimen The procedure 

is particularly satisfactory when the 
capacitance setting of the parallel-plate 
capacitor C 2 can be read to a satisfactory 
degree of precision for the determination 
of AC, ■because the vernier capacitor Cv is 
not then required. A close spacing of the 
parallel plate electrodes or a very low 
power factor of the circuit with the 
specimen removed will require the use 
of the vernier capacitor Cw. 
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The specimen with its electrodes shall 
be clamped between the plates of the 
capacitor Cg and the circuit tuned to 
resonance at the desired frequency by 
means of Ci, or the oscillator source shall 
be tuned to the resonant circuit. The 
resonant voltage Fx shall be recorded. 
Next the specimen shall be removed and 
the circuit retuned to resonance by 
means of Cg. The maximum resonant 
voltage Vo and the capacitance value 
Cr of the parallel-plate capacitor shall be 
recorded. Then the circuit shall be 


detuned on each side of resonance to 
reduce the voltage to 0,707 Vo, and the 
corresponding capacitance values Co and 
Co recorded. From these observations: 

where: 

AC == C — C/, and 
C = Cr - C/ + CV 
as in Eq. 20. 

(J) The desirability of using a speci- 
men which has the same diameter as the 
plates of the capacitor holder Cg is 
indicated in Paragraph (a). The foil 
electrodes of the specimen shall come to 
the edge. Satisfactory measurements 
can also be made when the specimen is 
smaller than the plates of the capacitor 
Cg. This becomes necessary when the 
specimen is very thin or has a large value 
of dielectric constant. The procedure 
in that case and the formula for tan 5 
are the same as those described in Para- 
graphs (h) and (i). The expression for 
the specimen capacitance is now: 


Cp = Cr - Ca + Ca . 


where: 


I' = 


calibration capacitance of the 
parallel-plate capacitor Cg at a 
setting equal to the measured 
thickness of the specimen, and 
calculated “air-capacitance’ ' of 
the specimen. 


c" = 0.2249 ^ 

Ap = area ' of - the specimen in 
square inches, , and 
5 == measured thickness of .the 
specimen, dielectric in 
inches. 

TJse of a specimen larger than the 
plates of Cg is not recommended since 
the edge correction with the specimen 
between the plates would be different 
from that which exists when the speci- 
men has been removed. 

Resonant Circuit, Resonance Rise 
Method 

29. (a) This method has been found 
suitable for frequencies from 50 kilocy- 
cles per second up to 10 megacycles per 
second. The method makes use of the 
fact that when a known radio-frequency 
voltage is introduced into a resonant 
circuit the ratio of this voltage to the 
voltage appearing across either the in- 
ductor or the capacitor of the resonant 
circuit is approximately the dissipation 
factor of the circuit. While this voltage 
can be introduced into the circuit by in- 
ductive, capacitive, or resistive coupling, 
its magnitude fs more easily measured 
for resistive co upling, as shown in Fig. 
15. 



Fig. 15. — Resonant Circuit, Resonance Rise 
Method. 


A radio-frequency oscillator furnishes 
to resistor R a constant current which is 
measured by radio-frequency ammeter 4 . 
This resistor shall be designed to have 
a very small reactance so that its im- 
pedance will differ from its resistance, at 
the highest operating frequency, by a 
negligible amount. 

w A commonly used value of resistance is 0.04 ohm for 
which the inductance can be reduced to a value of 0.07 mjuh 
The ratio of impedance to resistance at 10 megacycles is 
then 1.006. 
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The resonant circuit is composed of 
fixed inductor T and variable air. ca- 
pacitor C. From the vacuum' tube volt- 
meter F is read the voltage developed 
across capacitor C. The dissipation 
factor of the entire circuit is the ratio 
of the voltage drop across resistor R due 
to current J from the oscillator, to the 
voltage E developed across capacitor C. 

Di = tans = ^ (24) 

(b) When all components required for 
this measurement (oscillator, ammeter^, 
resistor R, and vacuum-tube voltmeter 
F) are assembled in a single unit, the 
vacuum-tube voltmeter, F, can be cali- 
brated directly in terms of dissipation 
factor by choosing a standard oscilla- 
tor current I and always adjusting the 
current as indicated by ammeter A to 
this value. 

(<;) The vacuum-tube voltmeter, os- 
cillator, and tuning capacitor shall in 
general conform to the requirements 
prescribed in Section 28 (d), (e), and (/). 

(d) The specimen capacitor, with elec- 
trodes affixed, shall be connected by 
short Ion-resistance leads to the termi- 
nals of capacitor C. A suitable induc- 
tor L shall be selected which will per- 
mit resonance at the chosen frequency. 
The capacitance of capacitor C and the 
reading of vacuum-tube voltmeter F at 
resonance shall be designated C 2 and D 2 , 
respectively. 

The contact to the ungrounded 
electrode of the test specimen shall be 
broken by raising the connecting wire 
a small amount (about J in. if the wire 
is bare and of small diameter). Reso- 
nance shall be reestablished by adjust- 
ing capacitor C, and the new readings 
of capacitor and voltmeter, Ci and Di, 
shall be noted. 


16 The voltmeter is frequentlsr calibrated in terms of 
storage factor Q, which is the reciprocal of £>, which pro- 
vides an approximately uniform scale. 


Then: 

n = tan 6 = , . , (25) 

Cp = Cl - Cs..... (26) 

where: 

Cp — capacitance of the specimen, in 
micro-microfarads, 

Cl = capacitance of the standard air 
capacitor with the specimen out 
of circuit, in micro-microfarads, 
C 2 ~ capacitance of the standard air 
capacitor with the specimen in 
circuit, in micro-microfarads, 

Di == dissipation factor indicated by 
voltmeter with specimen dis- 
connected, and 

i >2 = dissipation factor indicated by 
voltmeter with specimen con- 
nected in parallel with stand- 
ard capacitor. 

Note. — When the voltmeter is calibrated in 
terms of storage factor Q, Eq. 25 becomes: 

n = i = V 

Q Q:Q2 ^ Cl- Ci 

where: 

Qi = storage factor indicated by voltmeter 
with sample disconnected, and 
Q 2 — storage factor indicated by voltmeter 
with sample connected in parallel with 
standard capacitor. 

Since this expression for dissipation 
factor of the specimen depends on the 
difference between two observations of 
dissipation factor, (D 2 Ri), the in- 
ductor L should be so chosen as to have 
as small a dissipation factor as possible. 
It should be possible to obtain induc- 
tors with dissipation factors not larger 
than 0.003 (storage factors not smaller 
than 330) in the frequency range for 
which this method is recommended. 

Report 

Report 

30. The report shall include the fol- 
lowing: 
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# 


, ; (a) A 4escriptioii, of the material; 
that .'iSj. ' the, name j grade,. a.nd color; and 
the name ..of. the manufacturer, , 

■ (i^)' The foEowing test conditions:, the 
.frequency in cycles (or kilocycles or mega- 
cycles).; per second; temperature of the 
atmosphere in' degrees Centigrade; per- 
centage relative humidity of the atmos- 
phere; the conditioning of the specimen 
(hours at humidity and temperature) ; the 


kind of electrodes; and the voltage gra- 
dient in the dielectric while under test, 

(c) The following values for the speci- 
men: the capacitance of the specimen in 
micro-microfarads; effective area of the 
specimen electrodes; the average thick- 
ness of the specimen between electrodes, 

(d) The power factor,, the dielectric 
constant, ■ and the loss factor of each 
specimen, and 

(e) Method of measurement 


(See Appendices, pp. 673 to 681 ) 


# 
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APPENDIX I 


Corrections to be Applied to Tan Sp to Secure Cos Gp 



0 0.1 0.2 0.3 0.4 0.5 06 0.1 

Tan (Sp 

Img. 16. — Corrections to be Applied to Tan dp to Secure Cos 


APPENDIX II 


Exact Formulas 



p jg; 17— Generalized Diagp-am Showing Capacitors With Conductance ■ 
and Resistors With Capacitance. 

/. Conjugate Schering Bridge: 

CaRs represents the standard air capacitor. 

CiRi represents the comparison air capacitor, 
represents the test capacitor. 

The capacitors Cl 3 ,iid C 4 across the ratio arms Rt and i ?4 contain^ the stray 
capacitances of those resistoj^ as well as the capacitances of the actual devices. 
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; :■ Two successive balances of the bridge shall be made, with and without the test 
. capacitor Cl in place. From these the following are obtained : 

Ca (1 + tan 74 tan 62) 


C. - 


(1 4- tan 7^ tan [^2 -f - T*)) 


tan 5 b 


Cp) 




c, 


1 +77“ I tan [52 -f y\ - 74] - 7,— tan 


C\ 


(0 

( 2 ) 


1 


where tan 5 ^ «= -'777; power factor (approximate) of C2 at second setting, 

wCsivj- 


tan 5 V 


1 


power factor (approximate) of C2 at first set ting , 


Cj>C,R\ 
tan 74 =‘ (joCiRy and 
tan 7'4 ~ (jjC'iRi- 

IL High-Voltage Schering Bridge: 

Standard capacitor C2 not used; same as Conjugate Schering Bridge with direct 
comparison. 

Ri ^ (1 + tan 7s tan 54 


where tan 5 


~ 

Ri ' (1 + tan 7. tan [74 + 5 i - 7 jD 
tan ~ tan (74 + 5 i -*-72) 

1 


( 3 ) 

( 4 ) '^ 


power factor (approximate) of Cj, 


oiCiR] 
tan 7s — wi?sCs, and 
tan 74 ~ ooRiCi^ 

If the capacitances of Rt and Ri are negligible, Cs and C4 are the readings of the 
capacitors connected across them. 

IIL Parallel Resistance Bridge: 

Diagram same as for Conjugate Schering Bridge except additional variable 
parallel resistance R% connected across CpRp. Two successive balances of the bridge 
shall be made, with and without the test capacitor Q in place. From these the 
following are obtained: 

.*T 5 ) 

(6) 


, Co 

tan dp = tan dm — tan 5 ^ + tt tan 3 


C's 


tan 5 '3 


where tan 62 = 


1 


C0C2RS 
1 


power factor (approximate) of C2 at second balance position, 


tan 5'2 « - -7; ■' = power factor (approximate) of C% at first balance position, 

COLf ilx $ 

1 


tan dm 

tan 5 '„ = 


caCpRi 
1 

o)CpR'i 


, and 


If the change-of-standard method is not employed but dependence is placed on a 
single comparison with the standard air capacitor Ci, then : 
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r - C + tan.Trtan 5i) '..■m 

, , : Rg ^ ;.(i + tan 74 tan [ 5 i, -f 74 - 78])“’ ‘ ; 

tan dp =» tan ( 5 i + 74 — 7 ») — tan dm ( 8 ) 

where the loss angles have the same significance as above. 

!¥.. Series ' Resistance Bridge: 

Diagram same as for Conjugate Sobering Bridge, except Ci and Ri shall be con- 
nected in series instead of in parallel. Two successive balances of the bridge shall be 
made with and without the test capacitor C* in place. From these the following 
are obtained; 

^ (1 +tan pi tan 52-f [tan (62 +73 —/Si)] [tan dg — tan ft]) 

(l+tan fi't tan (5s+/3'i -ft) +[tan (62 i-T.-ft^.Itan (ft+fti-ft) -tan ftil) 


-C'^. (9) 

tan 5p = tan (Sj + — fii) ~ ~ tan S', — . . . (10) 


The various loss angles in Eq. ( 9 ) and Eq. (10) are defined by the following: 

tan ft * ceCiRi tan 7s = ooCgRi 

tan jS'i « wCiR'i 

tan ft — = power factor (approximate) of C2 at second balance position, and 

tan d'i ^ ~ 1 — ss power factor (approximate) of C2 at first balance position. 

If the change-of-standard method is not employed but dependence is placed on a 
single comparison with the standard air capacitor then: 

r r 

Rg ^ (l+tanft tan(ft-f 74 -" 7 s) +tan 74 [tan (ft-|- 74 - 7 »)~'tanft]) ( 11 ) 

tan dp = tan (ft +74 7 s) ( 12 ) 

where the loss angles have the same significance as above, with 
tan 74 = wCiRi 


V: Transformer Bridge: 

(a) Three-Balance Method^ C% Variable . — The exact formulas containing a term 
which takes into account the phase difference between the ‘ ^positive ” voltage E'4,and 
the negative’’ voltage E4, are quite cumbersome. 

Cp ^C,il +A) ( 13 ) 


tan ft = 
where tan ft ■ 

tan 




(1+^) 

' ' V' 1 

coCtRz 

I": 


tan dz + 


(tan $'"i —tan 5 'i) (1— P+tan ft tan ft) 


(1 -P)2 4 -tan=' 5 , 
power factor (approximate) of the capacitor G, 
1 


) 


(14) 


coC.i?"'. 


tan S'l 


wCiR'i 


“ oG (r, ^ R''^ ^ 


El 

E, 
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^ power factor (approximate) of the capacitor, €% 


JT tan 
osCiR^'i 


where « phase difference between E'i and Ea 


A ^ d^i) (tan Bj — [1 — P] tan ^a) 

(1 ^P)\^ta,n% 

' It is obvious that the values of the resistors Ri and Ri must be kept high if the 
correction terms in these quantities are to have negligible values. 

(h) Two-Balance Method, Ci Fixed , — The complete expressions are quite lengthy 

. . . . ^ tan B\ ^ / K tan B\ 

and contain' terms in I 1 p - j and f 1 j 

where Be is the phase difference between the voltages Ei and EU. If S$ is so small that 
these expressions differ from unity by negligible amounts, then: 




(1 - tan ^2 tan[5', — -f tan ^^gtan^^^g) 


^ X^'i 1 + tanks', 

tan Bp ~ tan (5'«— B^) 


The various angles are defined by the following: 

tan S2 » — 77^ =* power factor (approximate) of air capacitor C2, 
C0G2R2 

f 1 i iT 

' wC^sR/ R'e wC'i RU 

tan S" - — 4 - ^ ^ 

(Aa\R\ 


power factor (approximate) of capacitor C’l at first balance, and 

CaJL liv. 


CAC"iR"e 


power factor (approximate) of capacitor Q at second balance. 


As before Ri and R 4 must be large in comparison to — p in order that the cor- 

cuCi 

rection terms be negligible in comparison to unity. 


VL Suscepiance Variation Method: 

In constructing the calibration curve of the parallel-plate capacitor C2, the capacitance 
at any spacing S is assumed to consist of the “geometric^' capacitance (equivalent to 
G.2249 4/5), a constant fringing capacitance C/, and an increment correction capacitance 
Cc which is the result of lack of linearity in the screw thread, eccentricity and tilt of 
plates and actual variation in Q. At the spacing S » 0.100 in., in accordance with 
the definition in Section 28 (c), Ce ~ 0, and C/is thereby determined as the difference 
between the measured capacitance and the calculated capacitance for that spacing. 
This value of €/ is then subtracted from the measured capacitance at each spacing. 
Let 5 now represent the spacing equal to the thickness of the specimen dielectric 
and C2 the equivalent calibration capacitance at that spacing, adjusted for €/. Cr is 
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the' equivalent calibration .capacitance, adjusted for C/ at, tbe spacing wbicli again 
restores resonance after tlie removal of C*. .It is evident that: 

Cr = C + C^ -O.2249I 

from which Eq. 21 (Section 28 (h)) was derived. 

If the specimen has an area /lx, smaller than A\ it is likewise evident that,: 

Cr = C, + C^' - 0.2249 '-t* 

from which Eq. 23 (Section 28 (j)) was derived. 
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APPENDIX IIP' 

Cells Used for Measuring Power Factor and Dielectric 
Constant OF Insulating Liquids 


Al. Design of Cell.— A cell for the purpose of 
measuring power factor and dielectric constant 
of electrical insulating liquids should meet the 
following general requirements: 

(a) The design of the cell shall be such as to 
facilitate easy and thorough cleaning. The 
design, also, shall conveniently permit the use 
of the cell in a suitable temperature bath and 
means shall be provided for measuring the 
temperature of both electrodes, 

(h) The materials used in constructing the 
cell shall be capable of satisfactorily withstand- 
ing temperatures up to 130 C. and the alignment 
of the electrodes shall not be influenced by this 
temperature. 



J L 


Fig. l7.~Power Factor Cell With Heater. 

(c) The electrodes or their surfaces shall be 
made of a metal capable of resisting attack by 
mild acids found in certain insulating liquids 
such as petroleum oil, particularly after pro- 
longed exposure at elevated temperatures. 
Metals which have been found satisfactory from 
this standpoint are gold, nickel, monel, and 

^^This appendix was added editorially in January, 1947. 
It covers requirements for test cells for power factor and 
dielectric constant which formerly appeared as a tentative 
revision of the Standard Methods of Testing Electrical 
Insulating Oils CA.S.T.M. Designation; D 117-43) and 
for the cell shown in Fig. 19, which is identical with that 
shown in Appendix III of the Standard Methods of Test- 
ing Solid Filling and Treating Compounds Used for Elec- 
trical Insulation (A.S.T.M. Designation: D 176). These 
cells are referred to in Section U (i) of these Methods 
D 150. 


platinum. In general, plated surfaces have been 
found less satisfactory than solid metal electrodes 
for measuring low power factor liquids. Plated 
‘surfaces that may be satisfactory for testing 
liquids with low acidity and for short periods of 
time are gold, platinum, nickel, chromium over 
nickel, or rhodium. 

(d) A guard electrode shall be provided which 
adequately shields the measuring electrode. A 
shielded wire or coaxial cable shall be used to 
connect the guard and measuring electrode either 
directly or by a plug to the bridge. 

(e) The solid insulation used to support the 
guard electrode relative to the measuring elec- 
trode shall not extend into the portion of the 
sample being tested. 

(/) The insulating materials used in construct- 
ing the cell shall not absorb or be adversely 
affected by the test liquids, or cleaning solvents. 
Their power factor is preferably low, particularly 



Fig. 18.— Power Factor Cell. 

that between the guard and measuring 
electrodes, otherwise difficulty may be experi- 
enced in balancing the guard circuits at elevated 
temperatures. Insulating materials that have 
proven satisfactory are pyrex glass, quartz, 
steatite, and the better phenolic resin com- 
pounds. Thermoplastic materials such as hard 
rubber and polystyrene, although having good 
electrical properties, are not suitable as they 
soften below 130 G. Insulating materials of the 
molded mica-dust type have been found to 
absorb solvents and therefore may not be satis- 
factory in the measurements of low power factor 
liquids. However, they are excellent materials 
for supporting the cell in the temperature bath. 
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(g) In designing the cell the distance across 
the surface of the oil and across the solid insulat- 
ing material, between the guard and the measur- 
ing electrode, shall be great enough adequately 
to withstand the testing potential used. Leak- 
age across these paths has been found to produce 
an unsteady bridge balance on some bridges. 

(/z) A cell and heater bath design that is 
available and is used successfully by several 
testing laboratories is shown in Fig. 17. Its vol- 
ume is 8 ml. The voltage limit is 1000 v. and 
the capacitance with oil having a dielectric 
constant of 2.2 is about 70 micro-microfarads. 



Fig. 19 —Measuring Cell for Resistivity, 
Power Factor, and Dielectric Constant Deter- 
minations. 


(i) For routine work, cells on the same design 
principles, with particular attention to quickness 
of assembly and suitable for higher voltages may 
be desirable. Several laboratories use cell 
designs similar to Fig. 18 which are commercially 
available. This design requires about 90 ml. of 
oil and is suitable for use up to 3 kv., the capaci- 
tance with oil being a!)out 180 micro-micro- 
farads. . 

(j) A conductivit}'- cell that has been devel- 
oped for the purpose of measuring the volume 
resistance, as well as other electrical constants, 
of solid filling and treating compounds and oils 
is shown in Fig, i9.i' 

A2. Cleaning Procedure. — {a) The following 


is a suggested method for cleaning the cells 
shown in Figs, 17 and 18: 

(1) Fill the test cell with technical grade 
carbon tetrachloride, insert the inner electrode 
and bring to a boil on a hot plate. Empty, and 
repeat this procedure until the carbon tetra- 
chloride poured off is clean. 

(2) Wash the inner and outer electrodes with 
lava soap and water to remove films left by the 
carbon tetrachloride, taking precautions not to 
lay the inner electrode on any surface. The use 
of the lava soap will keep the cell surfaces 
polished. Rinse all surfaces with distilled water. 
Place the cell in an oven and maintain at 115 C. 
for at least 1 hr. prior to taking measurements. 

{}}) A suggested method of cleaning the cell 
shown in Fig. 19 is to remove the bottom re- 
taining ring and to hang the ceil in an oven by a 
hook fastened through a hole drilled in the pro- 
truding stem. Upon heating, the outer cylinder 
will slide away from the inner electrode and both 
parts will drain fairly clean of the compound. 
In order to speed up this cleaning, the flame of 
a bunsen burner may be applied directly to the 
cell after removing the cap and suspending the 
cell by the protruding stem. P’urther applica- 
tion of the flame to the cylinder and inner 
electrode alter they separate will rapidly remove 
most of the compound and the final cleaning of 
each part can be accomplished by suitable 
solvents. 

A3. Filling the Cell. — (a) Remove the cell 
from the oven and rinse the electrodes with some 
of the sample oil to be tested which has been 
heated to approximately the test ceil tempera- 
ture. Fill the cell with the sample oil which has 
been heated to approximately the test cell 
temperature. Permit the assembly to Cool to 
approximately the temperature at which the 
measurements are to be taken and place in a 
temperature-controlled device. Remove bolts 
and handles and connect the cell to the measur- 
ing bridge using the guard screen. Measure 
when the temperature is within plus minus 0.5 C. 
of the required value. 

{1) Remove the inner electrode, pour off this 
sample and refill with a second taking the same 
precautions as were observed in the first filling 
and make another measurement. If these two 
values disagree by more than 0,0001 + 10 per 
cent of the measured power factor, refill and 
make a third measurement. 

(c) If the third value does not agree with 
either the first or second measured values to 
within 0*0001 + 10 per cent of the measured 
power factor, reclean the cell and repeat the 
procedure until two successive readings are 
obtained which do agree to within 0.0001 + 10 
per cent of the power factor. 

” This figure and instructions for operating tliis cell ap- 
pear in Appendix III of the Standard Methods of Testing 
Solid Filling and Treating Compounds Used for Electrical 
Insulation (A.S.T.M. Designation: D 176), see p. 106. 
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Tentative Method of Test for 

POWER FACTOR AND DIELECTRIC CONSTANT PARALLEL 
WITH LAMINATIONS OF LAMINATED SHEET AND 
PLATE INSULATING MATERIALS! 


A.S.T.M. Designation: D 669 - 42 T 

Issued, 1942.2 

TMs Tentative Method has been approved by the sponsoring committee ^ ^ ^ ^ ^ 

and accepted by the Society in accordance with established procedures,, 
for use pending' adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope with the laminations, are not of the same magni- 

tude as those taken perpendicular with the 
1. This method of test covers the laminations, 
procedure for determining the power 
factor and dielectric constant of stiff Specimen Holder 
laminated sheet and plate insulating 2 . The specimens shall be clamped in 
materials in a direction parallel with the ^ suitable holder consisting of a frame 
laminations (Note). The method pri- constructed from |-in. square metal rod 
marily includes information covering the of a size suitable for holding the test 
preparation of the specimen and details specimens and clamping them tightly, 
concerning the procedure required to ^ 0.260 in. in width and ^ in. in 

make measurements paraUel with the s^all be milled in the inner oppo- 

laminations for this particular type of gj(.g parallel sides of the supporting 
material. The apparatus and general fj-ame to hold the specimens in a parallel 
test procedure shall be in accordance position, suitable for test. Threaded 
with the Tentative Methods of Test for g^uds shall be inserted in the open ends 
Power Factor and Dielectric Constant t^e slotted parallel bars to receive 

?! c the clamping bar which shall be drawn 

(A.S.T.M. Designatira: p 150) of the down tightly on the specimen pile-up 
American Society for Testing Materials.* by means of nuts (see Fig. 1 ) . 

Note. — It has long been recognized that tbe 
power factor and dielectric constant of laminated Electrodes 

insulation as measured in a direction parallel mi • 11 / m t / 1 i n 

o. ihm tm or lead foil electrodes snali 

/Under the standardization procedure of the Society, bc USCd. Tliese shall bC flOIll 2 tO 4 in. 
this method is under the jurisdiction of the A.S.T.M, . . 

Committee D-9 on Electrical Insulating Materials. in diameter depending Upon the frC- 

s Accepted by the Society at annual meeting; June, , , . t ^ . , 

1942 . quency at which the test is made, as 

3 Appears in this publication, see Contents in Numeric n . . . / « .. 

Sequence of A.S.T.M. Designations at front of hook. Well aS the type Of CllCUltS (see ScCtlOnS 
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22 to 28: of Tentative Methods D TSO).^ 
A very, thin coating of petrolatum 
shall be ' used as an adhesive for : the 
foil electrodes. A smoothing pressure 
sufihcient ' .to ' eliminate , ail wrinkles 
shall be applied by use of a suitable 
roller or piece of soft cloth, making 
sure that there is no air gap between 
the foil and specimens due to the 
unevenness of the specimen pile-up. 
The electrodes shall be accurately 



Sianda/d B-32 
Machine Screw 


Fig. 1 . — Specimen Holder. 

centered with respect to each other and 
at least approximately centered with 
respect to the specimen. 

Test Specimens 

4. {a) Test specimens from sheets 
of any thickness may be tested. Strips 
shall be cut 0.250 in. in width plus 0.005 
in. minus 0.000 in., by the thickness of 
the sheet, and 5.25 db 0.015 in. in length, 
in sufficient quantity to make a pile-up 
approximately 5.25 in. in height, to form 
the test specimen. The strips shall be 
mounted in the specimen holder with 
the uncut surfaces placed together and 
the sawed edges expased, thus placing 


the laminations in a parallel direction 
with the electrostatic field created by the . 
electrodes placed on each side of the 
strip pile-up. When thick sheets are 
tested it shall be permissible to reduce 
the thickness of the outside strip to 
permit mounting in the frame. The 
surfaces shall be smooth and free from 
irregularities. It is essential that all 
the burrs on the cut strips be removed to 
insure that no air gaps are created be- 
tween adjacent strips or between strips 
and foil electrodes. Sanding of ir- 
regular surfaces to eliminate air gaps 
between strips in the pile-up shall be 
permissible provided the total resin 
content or character of the sheet is not 
changed thereby. A very smooth 
surface for mounting the electrodes 
may be obtained by taking a light cut 
with a milling machine or lathe from 
both surfaces of the pile-up after the 
specimens have been mounted in the 
frame. 

(6) The strips, after being mounted 
in the frame, shall be placed under 
pressure by drawing down the two nuts 
on the crossbar. Sufficient pile-up shall 
be used so that the crossbar is not 
brought in contact with the two parallel 
bar supports, thus insuring that the 
specimen strips are under compression. 
After the specimen pile-up has been 
assembled into the frame, it is well to 
lay it on a flat surface so that the strips 
and not the frame are resting on this 
surface. This ensures that all surfaces 
on one side will be in one plane while 
being clamped by the crossbar. 

(c) The capacitance of the specimen 
shall be, preferably, not less than 50 jujuf . 
Use of smaller specimens increases the 
effects of stray capacitances and de- 
creases the precision of measurements. 

Preconditioning Specimens . ' 

S.Tefore mounting in the test frame 
the specimen shall be preconditioned at 
a temperature of 50 ± 3 C. for a period 
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of 48 hr. After removal from the oven, when ' the surfaces are not ' milled ■ or 
the'specimen shall 'be allowed to cool' lathe-turned after assembly, the indi- 
for'a period of at least 1 hr, in a desic- vidua! strips shall be measured for 
cator in order to be certain that it has thickness in' a direction parallel with the 
reached 'room temperature. ■ Other con- laminations, and an average of these 
ditioning periods as agreed upon between measurements taken as the true 
the seller and the purchaser may be used, thickness. 



Procedure 

6. (d) The power factor, dielectric 
constant, and loss factor shall be de- 
termined in accordance with the pro- 
cedure described in Sections 15 to 28 of 
Tentative Methods D 150,^ except that 
tests at other than room temperature 
shall be made as described in Section 
14 (a) and (b) of Tentative Methods 
D150.® 

(b) The conditioned specimens shall 
be mounted in the frame and tested as 
soon as practicable and preferably 
within 10 min. after removal from the 
desiccator. 

(c) Tests shall be made on specimens 
cut in the lengthwise direction of the 
sheet, also on specimens cut in the cross- 
wise direction. Where the machine direc- 
tion of paper-base sheets or the warp di- 
rection of fabric base sheets is known it 
shall constitute the lengthwise direction. 
Otherwise the longer direction of a sheet 
shall be considered the lengthwise direc- 
tion. 

Note. — ^W hen the sheet has the same length 
and width, one dimension shall arbitrarily be 
designated as the length, 

(d) For the accurate measurement of 
thickness for the dielectric constant 
calculation, it is recommended that 


Report 

7. The report shall include the 
following: 

(1) A description of the material: 
that is, the name, grade, and color, and 
the name of the manufacturer, 

(2) The following test conditions: 
The frequency in cycles (or kilocycles) 
per second, temperature of test in de- 
grees Centigrade, percentage relative 
humidity of the atmosphere, condition- 
ing of the specimen (hours at 
temperature and humidity), the type of 
electrodes, and the voltage gradient in 
the dielectric while under test, 

(J) The following values for the test 
specimen: The capacitance of each speci- 
men comprised of strips cut lengthwise 
and of strips cut crosswise of the sheet, 
expressed in micro-microfarads, effective 
area of the specimen electrodes for the 
lengthwise and crosswise cut specimens, 
the average thickness of the specimen 
between the electrodes for the length- 
wise and crosswise cut specimens, 

(4) The power factor, dielectric con- 
stant, and loss factor of each specimen 
tested for determinations on specimens 
cut both in the lengthwise direction and 
in the crosswise direction, and 

(5) Method of measurement. 


Tentative Methods of 

SAMPLING AND TESTING UNTREATED PAPER USED IN 
ELECTRICAL INSULATION^ 



A.S.T.M. Designation: D 202 - 46 T 

Issued, 1924; Revised, 1925, 1926, 1927, 1928, 1929, 1930, 1932, 1933, 
1934, 1936, 1938, 1939, 1940, 1941, 1944, 1945, June 1946, Noausmber 19463 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L These methods cover the pro- 
cedures for sampling and testing un- 
treated paper to be used as an electrical 
insulator or as a constituent of a com- 
posite material used for electrical 
insulating purposes. 

Sampling 

2. {a) For batches consisting of rolls 
15 in. or more in width, a sample at least 
5 sq. ft. in area cut across the entire width 
of the roll shall be taken from every 
tenth roll of the batch, chosen in such a 
manner as to well represent the entire 
batch. In case the paper is available in 
rolls less than 15 in. in width, the length 
of the sample to be taken may be such 
that the area is less than S sq. ft. but 
shall be at least 4 ft. in length. 

Where paper is in ribbon or pad form 
and in dowels; that is, a number of pads 
assembled on a dowel stick in the same 
order as slit from the parent roll, the 

1 Under the standardization procedure of the Society, 
these methods are under the junsdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials. 

2 Latest revisions accepted by the Society at annual 
meeting, June^ 1946, and through the Administrative Com- 
mittee on Standards, November, 1946. 


sample should consist of specimens taken 
from the pads so that the entire width of 
the parent roll is represented. A mini- 
mum number of pads shall be sampled, 
the total width of which shall be equal to 
at least ten per cent of the width of each 
dowel. A minimum number of 4 pads 
from each dowel shall be sampled. 

For batches in sheet form, sample 
sheets totaling at least 5 sq. ft. in area 
shall be taken from each tenth bundle or* 
package chosen in such a manner as to 
well represent the entire batch. 

In the case of either type of package no 
less than 5, nor more than 20 units shall 
be sampled, taken as follows: 

Total Units No, of Units 

in Shipment Selected 

Less than 100 5 

100 to 399 . 5 per cent 

400 and over ....20 

Note.— I t is recommended that in the case 
of paper in roll form, several turns be discarded 
before the samples are taken. 

(^) The tests for physical properties 
shall be made on each sample insofar as 
the specimens are of sufficient width. If 
the samples are to be used for the de- 
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termination of moisture in the batch, ex- ■ 
treme care shall be taken to avoid change ; 
in moisture content in the samples before 
they are weighed as is provided for in the 
moisture method (Section 4). 

Conditioning' '/■ 

3. (a) Samples shall be conditioned in 
air maintained at a relative humidity 
between 60 and 65 per cent as measured 
with a sling psychrometer or its equiva- 
lent. The temperature of the air shall 
be maintained as constant as possible at 
some temperature between the limits of 
20 and 30 C, (68 and 86 F.). The 
samples should remain in the conditioned 
air for not less than 4 hr. prior to the 
tests and should be supported so as to 
allow a free circulation around each 
sample. 

(5) The following physical tests shall 
be made in the conditioned atmosphere: 
thickness, weight, tensile strength, 
tearing strength, bursting strength, 
folding endurance, air resistance, absorp- 
tion, conducting paths, and rate of im- 
pregnation. 

Moisture Content 
Procedure 

4. Moisture content shall be deter- 
mined in accordance with the Standard 
Method of Test for Moisture in Paper, 
Paperboard, and Paperboard and Fiber- 
board Containers (A.S.T M. Designa- 
tion: D 644),'^ except that the material 
shall be sampled in accordance with 
Section 2. 

Thickness.. 

Test Specimens . 

5. (a) Test specimens shall be taken 
from the original samples obtained in 
accordance with Section 2 (a)/ The test 
specimens shall be conditioned as pre- 
scribed in Section 3. 

(b) For papers over 0.002 in. in thick- 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


ness, the specimen shall be; a single sheet. 

■ (£;) For papers 0.002 in. .and .under in., 
thickness, the specimen shall consist of 
a stack of ten sheets., (Note). . 

Note. — A multiple-sheet stack is used for 
papers 2 mils and under in thickness because of 
the greater reliability of micrometer measure- 
ments made at the resulting larger micrometer 
surface separations. It should be borne in 
mind that the thickness of a ten-sheet stack of 
paper bears no constant relation to the thickness 
of a single sheet. It is also pointed out that 
variations in single sheet thickness are largely 
hidden in multiple-sheet stack measurements. 

Procedure 

6. (a) The thickness shall be deter- 
mined in accordance with method A or 
method C of the Standard Methods of 
Test for Thickness of Solid Electrical In- 
sulation (A.S.T.M. Designation: D 374) 
of the American Society for Testing 
Materials.^ 

(b) At least five measurements of 
thickness shall be taken at regular inter- 
vals across the entire width of each 
specimen, preferably in a line which is 
at right angles to the machine direction, 

(c) When using multiple-sheet stacks 
for thickness measurements, the microm- 
eter foot shall not be closer than 0.75 in. 
from any folded edge of the stack. The 
stack thickness divided by the number 
of sheets in the stack shall be reported 
as the thickness of the specimen. 

Report 

7. The average, maximum, and min- 
imum thicknesses obtained on each 
specimen shall be reported. In cases 
where the multiple-sheet stack method 
is used, a statement shall be made to 
that effect. 

Weight .. . 

Procedure 

8. The determination of weight shall 
be made in accordance with the Stand- 
ard Method of Test for Basis Weight of 
Paper and Paper Products (A.S.T.M. 
Designation: D 646)®, except for sam- 
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pling and conditioning of ' the sample 
which ..shall be carried out in accordance 
with Sections 2 and 3 of Methods D 202. 
The results shall be reported as weight 
in grams per square meter. 

, Apparent Density 


Procedure ■ . 

9. The apparent density shall be calcu- 
lated from the thickness (Sections 5 to 
7), area, and weight (Section 8) results 
obtained on conditioned specimens (Sec- 
tion 3), and reported as grams per cubic 
centimeter. ■ 


Note. — Apparent density may be calculated 
as follows: 

j) = X 0.0000394 

thickness in inches 


D- 


D 


weight in grams 
volume in cubic inches 
weight of 25 by 40 in. — 500 
sheet ream in pounds 


X 0.061 


thickness in inches 
weight of a 743/16 in. 


X 0.0000554 




square sample in grams 
thickness in mils 


where: 

B = apparent density in grams per cubic cen- 
timeter. 


Tensile Strength 


Apparatus 

10. {a) A testing machine of the 
dead-weight pendulum type suitably 
designed for testing paper shall be used. 
The machine shall preferably be power 
driven. 

(6) The capacity of the machine shall 
not exceed 113 kg. (250 lb.). 

(c) The machine shall be graduated 
to read 1 kg. or 1 lb. or less per scale 
division for testing paper breaking at 
22.7 kg. (50 lb.) or over, and to read 0.5 
kg. or 0.5 lb. or less per scale division 
for testing paper breaking under 22.7 
kg. (50 lb.). 


Test' Specimens ' - 

11. The test specimens shall be" cut 
from each of the samples selected in 
accordance with Section 2 (a). The 
specimens shall not exceed 2.54 cm. 
(1 in.) in width and shall be 25.4 cm. 
(10 in.) in length with clean-cut edges. 
At least ten specimens shall be ob- 
tained in the machine direction and, if 
practicable, ten in the cross-machine 
direction. The specimens shall be con- 
ditioned as prescribed in Section 3. 

Procedure 

12. {a) The ratio of the clearance 
distance between jaws to the width of 
the specimen shall be not less than 5 to 1 
nor more than 10 to 1. 

(6) The rate of travel of the movable 
Jaw shall be constant. It shall prefer- 
ably be 30.5 cm. (12 in.) per min., but it 
may be within the limits of 28 cm. (11 
in.) and 33 cm. (13 in.) per min. provided 
it is constant. 

{c) All readings obtained when the 
specimen breaks at or in the jaws shall 
be rejected. 

Report 

13. The report shall include the fol- 
lowing: 

(1) The tensile strength in kilograms 
or pounds of each machine-direction 
specimen and of each cross-machine- 
direction specimen, reported separately. 

(2) The width of each specimen in 
centimeters or inches, and also the 
average thickness. 

(J) The maximum, minimum, and 
average breaking load shall be reported 
for the tests on the machine-direction 
specimens and for the cross-machine- 
direction specimens. 

. /.Tearing Strength 

Procedure 

14. Tearing strength shall be deter- 
mined in accordance with the Standard 
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Method of Test for Internal Tearing 
Resistance of Paper (A.S.T.M. Designa- 
tion: D ,689)/ except that 'the material 
; shall be sampled ^ and conditioned in 
accordance with Sections 2 and 3. 

, : Bursting Strength ' 
Apparatus'- 

15. The testing machine shall have a 
circular flexible diaphragm 6.44 sq. cm. 
(1 sq in.) in area. The pressure cham- 
ber shall be filled with glycerol or other 
suitable pressure medium and shall con- 
tain no air spaces. The test specimen 
shall be held in position over the dia- 
phragm in a clamp having a circular 
hole approximately 6.44 sq. cm. (1 sq. 
in.) in area so that the diaphragm will 
force the paper into the hole when pres- 
sure is applied under the diaphragm. 
The pressure exerted on the diaphragm 
shall be indicated on a dial, graduated to 
at least 0.23 kg. (0.5 lb.) for papers 
having bursting strengths 18 kg. (40 lb.) 
or under. A dial graduated to 0.45 kg. 
(1 lb.) may be used in testing papers 
which have higher bursting strengths. 
The machine may be either hand- 
operated or power-driven, the latter 
being preferable. 

Test Specimen 

16. If practicable, the specimen shall 
be so cut from the sample as to permit 
ten bursting tests on a line across the 
sheet or roll. The specimens shall be 
conditioned as prescribed in Section 3. 

Procedure 

17. Ten bursts shall be made, five 
with one side of the specimen uppermost 
and five with the other side uppermost. 
The testing machine shall be operated 
at a uniform speed of 120 rpm. until 
the specimen bursts. 

Report 

18. The report shall include the 


average, maximum, and minimum' results 
obtained,. ■, 

Folding Endurance 
Procedure 

19. Folding endurance shall be deter- 
mined in accordance with , method B in 
the StandardMethods of Test for Folding 
Endurance of Taper (A.S.T.M . Designa- 
tion: D 643)/ except that ■ the material 
shall be sampled and conditioned in ac- 
cordance with Sections 2 and 3. 

Absorption 
(Rise of Water) 

Apparatus 

20. The apparatus shall consist of a 
suitable container, and a support for the 
test specimens and scale as shown in 

Fig. 1. 

Test Specimens 

21. Ten test specimens 2.5 cm. (1 in.) 
in width and at least 12.5 cm. (5 in.) in 
length shall be cut from the samples 
obtained in accordance with Section 2 
(a), five being cut parallel with the 
machine direction of the paper and five 
cut parallel with the cross-machine- 
direction of the paper. The specimens 
shall be conditioned as prescribed in 
Section 3. 

Procedure 

22. The specimens shall be suspended 
vertically with one end dipping 3.2 mm. 
(0.125 in.) in distilled water at room 
temperature, and after 5 min. the rise of 
the water in the specimen above the level 
of the water shall be noted. The rise 
may be measured by reading directly 
from the scale the height of absorption. 

Report 

23. The absorption shall be reported 
as the rise of water in millimeters to the 
nearest 3 mm. or in inches to the nearest 
I in. The average' ' and^ individual re- 


Tests; FOR Insotating Parer (1) 202— .46;T) 


689 


suits fox both . the macMne direction 
and the cross-macMne direction of the 
paper shall be reported, 

; ' Air Resistance 

Apparatus 

24. (fl^) The apparatus shall consist of 
two aluminum open-top cylinders, one of 
which is inverted and slides into the 
other which is fixed. The movable 
cylinder shall be provided with a circular 


surface of the fixed cylinder , to act as 
guide tracks for the ■ movable cylinder. 
The movable cylinder shall be graduated 
in units of 50 ml. and shah have a total 
range of 350 ml. It shall be 25.4 cm. 
(10 in.) in height and shall have an 
external diameter of 7.62 cm. (3.00 in.) 
and an internal diameter of 7.35 cm. 
(2.90 in.). It shall weigh, including the 
flat ring clamp and the two knurled nuts, 
567 zh 0,5 g. (20 zb 0.018 oz.). The 



,Fig. 1.— Apparatus for Absorption Test. 


aperture in the closed end and a flat ring 
damp for holding the paper specimen 
across this aperture. 

(b) The fixed cylinder shall be 25.4 cm. 
(10 in.) in height and shall have an 
external diameter of 8.6 cm. (3.38 in.) 
and an internal diameter of 8.25 cm. 
(3.25 in.). Four slender bars, each 18.5 
cm. (7.3 in.) in length, 3 mm. (0.12 in.) 
in width, and approximately 1.5 mm. 
(0.06 in.) in thickness shall be mounted 
vertically and equidistantly on the inner 


movable cylinder and the flat ring clamp 
shall have a concentric circular aperture 
of 6.44 sq. cm. (1.00 sq. in.) in area. 
When this aperture is too large for the 
specimen, a similar movable cylinder and 
flat ring clamp having a concentric 
circular aperture of 1.61 sq. cm. (0.25 
sq. in.) in area shall be used. 

Note.— Results obtained with apertures of 
different areas are not directly proportional to 
the areas of the apertures. The proportionality 
factor must be determined by experiment. 
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Test.Specimeiis.'V,, 

"' 25. The Test' specimens shall be xut 
from the original samples obtained in 
accordanGe with Section 2 (a). They 
shall be not less than 3.5 cm. (1.36 in.) 
nor more than 5.1 cm. (2.0 in.) in width, 
and shall be as long as the width of the 
original roll of paper. If the specimens 
are selected from pads of tape they shall 
be not less than 2.1 cm. (0.81 in.) nor more 
than 5.1 cm. (2.0 in.) in width and at 
least 30 cm. (12 in.) in length. There 
shall be as many specimens as there are 
original samples. The specimens shall 
be conditioned as prescribed in Section 3. 

Procedure 

26. The fixed cylinder shall be placed 
on a rigid support so that its sides are 
vertical. A lubricating oil (Note 1) 
having a viscosity of 60 to 70 sec. Say- 
bolt Universal at 37.8 C. (100 F.) shall 
be placed in it to a depth of 12.7 cm. (5 
in.). The specimen (one thickness only) 
shall be secured tightly under the clamp 
(Note 2) on the movable cylinder, com- 
pletely covering the aperture. The 
movable cylinder shall then be floated on 
the lubricating oil (Note 3). The time 
required for the displacement of a certain 
amount of air shall be noted with a 
stop watch. If possible, the amount of 
air displaced should be such that the 
time of displacement is not less than 20 
sec. The apparatus with its content of 
lubricating oil shall be at the tempera- 
ture of the conditioning room (Section 3) 
when the readings are taken. The time 
in seconds required for the displacement 
of 100 ml. (6.1 cu. in.) of air through a 
circular area (one side only) of 6.44 sq. 
cm. (1 sq. in.) of the specimen shall be 
considered as the air resistance of the 
paper. 

Note L — Oil is used in preference to distilled 
water because it does not corrode aluminum. 

Note 2. — ^The proper procedure for clamping 
the specimen or tinfoil is to turn both knurled 


nuts down onto,, the clamp' simultaneously. \' Ji 
,,onIy one nut at a time is turned down, the, clamp " 
will not fit flat o,n the specimen and will conse- 
quently have an avoidable ' leak. The clamp 
shall be tested for leakage by substituting a 
piece of tinfoil 0.05 mm. (0.002 in.) in thickness , 
for the paper specimen and testing in the man-,, 
ner described in Section ,36. When so. tested, ^ 
the leakage, shall not exceed the rate, of .50 ml 
in 5 hr. 

Note 3.— Precautions should be taken, to. 
avoid subjecting the apparatus to vibration as 
this condition w^ould increase the rate of air 
displacement. 

Report 

27. The report shall include the fol- 
lowing: 

(1) The number of seconds required 
for the displacement of 100 ml. (6.1 cu. 
in.) of air, 

(2) The area of paper through which 
the air was displaced, 

(3) The thickness of the paper speci- 
men as obtained under Sections 5 to 7, 
and 

(4) The room temperature. 

Note. —T he following values show the prob- 
able reproducibility of results obtainable in the 
air-resistance tests: 

Reproducibility 

Air Resistance of Results 

40 sec. ...... ±5 per cent 

100 sec dz6 per cent 

200 sec. . - d=8 per cent 

300 sec. ±10 per cent 

Ash 

Procedure 

28. The determination of ash content 
shall be made in accordance with the 
Standard Method of Test for Ash Con- 
tent of Paper and Paper Products (A.S. 
T.M. Designation: D 586) of the Ameri- 
can Society for Testing Materials.®' 

Acidity o.r Alkalinity 

Apparatus 

29. The apparatus shall consist of 
the following: 

{a) Bath . — A hot water bath. 
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(b) " Mdor and Stirrer.— A motor with 
a stirrer constructed as shown in Fig. 2. 
The ■ stirrer shall be made of brass,, 
chromium plated to render it acid and 
alkali resistant. ; 



(c) Flasks- — Wide mouth acid-resist- 
ant and alkali-resistant glass‘d 250 ml. 
Erlenmeyer flasks. 

(d) Thermometers. — Thermometers 
having a range of from 50 to 100 C. and 
graduated in 1 C. intervals. 

{e) Burette— K lO-ml. burette gradu- 
ated to 0.05 ml. 

(/) Electric Hot Plate. 

(g) Suction Filtering Apparatus. 

Reagents 

30. {a) Distilled .“—Adjust the 
distilled water used in making the extrac- 
tions to a pH of 7.0 to 8.0 when free of 
carbon dioxide. Carbon dioxide can be 
eliminated by boiling or by bubbling 
nitrogen through the solution during the 
pH measurement or titration. The fol- 
lowing method of adjusting the pH of 
water to be used in making extractions 
is recommended: Carry out a titration 
on 100 ml. of the water according to the 
prescribed procedure under ‘'blank titra- 
tion” Section 32 (d) . If more than 0.10 
ml. of 0.005 N alkali solution is required 
to obtain an end point with phenol- 
phthalein, adjust the pH of the water to 
be used by adding the calculated amount 
of alkali so that the blank titration on 
100 ml. is 0.10 ml. or less of 0.005 N 

^Pyrex glass has been found very satisfactory for this 
purpose, 


'NaOH (that is, the water used should 
be neutral or only slightly acid to the 
phenolphthaiein indicator) . 

{b) Standard Sodium Hydroxide Solu- 
tion {Approximately 0.005 \ N). — To 
standardize, prepare 250 ml. of 0.005 N 
potassium acid phthalate solution by 
dissolving 0.2552 g, of the dried salt 
(National Bureau of Standards) in watei 
and making up to* the mark in a 250-niL 
volumetric flask at 20 C. (Do not dry 
the salt at a temperature above 125 C.) 
Pipette 25 ml. of this solution into a 250- 
ml. flask. Add 25 ml. of water and 5 
drops of phenolphthaiein solution. Pass 
nitrogen through the solution for 10 min. 
Titrate in a closed system with the 
standard NaOH solution to the first 
permanent pink shade. If preferred, 
the potassium acid phthalate solution 
may be heated to boiling and titrated 
immediately, taking care that the tem- 
perature does not fall below 80 C. during 
the titration. Run three samples in the 
above way at each standardization of 
the NaOH. Determine a blank on the 
same volume of distilled water and 
phenolphthaiein and deduct from the 
titration obtained above. Calculate the 
normality by the following formula: 

Normality ^ 25 X O.OOS 

of NaOH milliliters of NaOH required 

(c) Sulfuric Acid {Approximately 
0.005 N). — Determine the alkali equiva- 
lent of the acid as follows: Transfer 10 
ml. of the acid to a 250-niL Erlenmeyer 
flask and dilute with 100 ml of distilled 
water. Titrate in a closed system or at 
the boiling point with the standard 
NaGH solution as described in Para- 
graph (5) for the standardization of the 
NaOH solution. Determine a blank on 
the same volume of distilled water and 
phenolphthaiein and . deduct from the 
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titration -obtained above. Calculate -the. 
NaOH equivalent' o-f the acid as follows: 


where:, ; 

E = NaOH equivalent (in milliliters) 

■ - i. := milliliters of NaOH required 
(corrected), and 

B == milliliters of H2SO4 taken, 

(d) PhenolphthaUin Solution. — Dis- 
solve 0.5 g. of phenolphthalein in 100 g. 
of G.p. ethyl alcohol (95 per cent) . 

Test- Specimen- ■ 

31. From the samples obtained in 
accordance with Section 2 (a), a com- 
posite test specimen weighing at least 
5 g. shall be cut into small pieces, ap- 
proximately 1-cm. (0.4-in.) square. The 
specimen shall be thoroughly mixed 
and, during preparation, any contamina- 
tion by handling shall be avoided. 

Procedure 

32. (a) A 1-g. portion of the com- 
posite specimen shall be placed in the 
250-mL Erlenmeyer flask and 100 ml. of 
boiling distilled water added. The flask 
shall then be clamped in position in a 
boiling water bath so that at least one- 
half of the flask is immersed in the 
water bath. During the stirring, the 
temperature of the contents of the flask 
shall remain at least as high as 95 C. 
The stirrer shall be mounted so that the 
blades are within 1 cm. (0.4 in.) of the 
bottom of the flask. The assembled 
extraction apparatus is shown in Fig. 3. 
The stirrer shall be driven at a speed of 
4000 to 5000 rpm, for 5 min. At the 
end of this period the specimen should 
have been thoroughly pulped. For 
paper unusually difficult to pulp, the 
period of stirring shall be increased to 
10 min. 

(&) Immediately after the specimen 
has been pulped, the contents of the 


flask, shall be filtered rapidly -into another 
2S0-mL. Erlenmeyer flask without.wash- 
ing. 

N0TE.-~-It, is important that the: j&itratioii of 
the extract be accomplished as promptly as 
possible after disintegration. To ins.nre , rapid 
filtration, filter, using suction, through a No. 42 
Whatman paper (which has been washed twice 
with 100-iJd, portions of hot distiled water) 
on a' B'iichner funnel. - Use a suction^ bell jar 
and collect the filtrate in the Erlenmeyer flask. 



{c) The filtered extract shall be ti- 
trated as described in Section 30 (5) for 
standardizing the alkali solution. If the 
extract is acid, it shall be titrated with 
0.005 A” NaOtl, using 5 drops of phenol- 
pbthalein solution as indicator. The 
appearance of - a definite pink color indi-' 
cates the end point. If the extract is 
alkaline, a small excess of 0,005 N 
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H2SO4 shall be added and the ti'tration 
then completed with 0.005 iV NaOH. 

(d) Blank —The titration obtained in 
Paragraph (£:) shall be corrected for the 
blank error.,. This correction shall be 
determined by running a blank in parallel 
with the actual determination using a 
volume of pure distilled water equal to 
that of the extract at the end point. If 
the solution is acid, this blank correction 
shall be subtracted from the volume of 
alkali used; if alkaline, the correction 
shall be added. 

{e) kt least two specimens shall be 
tested. If the titrations on duplicate 
specimens do not agree within 0.10 ml, 
the determinations shall be repeated. 

Calculations and Report 

33. (a) The acidity or alkalinity shall 
be calculated as follows: 


where: 

M = milliequivalents of acid or alkali 
per gram of paper, 
a = milliliters of NaOH required 
(corrected), 

N = normality of the NaOH, and 

W = weight of sample in grams. 

(5) The results shall be reported as the 
number of milliequivalents of acid per 
gram if the extract is acid, or as the 
number of milliequivalents of alkali per 
gram if the extract is alkaline, the num- 
ber of milliequivalents being based on 
the weight of the air-dry sample. 

■ Conducting Paths 

Purpose 

34. The test for conducting paths in 
untreated insulating paper consists of 
the determination of the number of elec- 
trical breakdowns in specified areas of the 
paper when it is subjected to voltages 
somewhat lower than those obtained as 
the dielectric strength values when the 


paper is tested in accordance with the 
short-time test described in the Stand- 
ard Methods of Test for Dielectric 
Strength of Electrical Insulating Ma- 
terials at Commercial Power Frequencies 
(A.S.T.M. Designation: D’149) of the; 
American Society for Testing Materials.® 
Three test methods are covered, for 
papers within each of the three thickness 
ranges as follows: 

Method A, — For papers 0.038 mm, 
(0.0015 in.) and under an thickness, 

Method B , — For papers over 0,038 
mm. (0.0015 in.) and under 0.76 mm 
(0.030 in.) in thickness, and 

Method C. — For papers 0.76 mm. 
(0.030 in.) and over in thickness. 

Test Specimens 

35. The test specimens shall be of 
relatively large area, such as a pad of 
tape, a sheet from each sample of paper, 
or a portion of a paper roll. 

Method A. For Papers 0,038 mm, 
(0.0015 in,) and Under 
in Thickness 

Apparatus 

36. The apparatus shall consist of 
the following: 

(a) Electrodes. — Two electrodes con- 
sisting of a smoothly machined cast iron 
or other metal plate, and a hand oper- 
ated metal roller with smoothly ma- 
chined face and fitted with an insulated 
handle. The plate shall be of con- 
venient size to accommodate the speci- 
mens to be tested. The finished 
dimensions of the roller shall be as 
follows: 

Centimeters Inches 

Diameter 5.1 2.0 

Width of face 2,5 1.0 

Note.-— A roller with a width of face of 0.95 
cm. (0.37 in.) should be used on papers under 
1.50 in. in width. 

(b) Receiver. — A telephone headset 
with two receivers, each of 1500-ohm 
resistance connected in series. 
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(c) Resistor,— A resistor of 80,000 
ohms. : 

(d) Voltage —A source of 110 v. Ei- 
ther alternating or direct voltage may 
be used, but the type chosen should be 
considered in establishing specific limits, 
inasmuch as different results will prob- 
ably be obtained with the two types 
of voltage. 

Test. Specimen 

37. (a) The test specimen shall be of 
suflacient size to cover the plate electrode 
and shall be held in place by weights. 
Several such specimens shall be tested. 
The paper shall contain not more than 
8 per cent of moisture when tested. 

(J) It has been found in the testing 
of thin papers that great care must be 
taken in handling the specimens. They 
must not be touched with the hands nor 
should they be laid upon anything but 
the plate electrode after removal from 
the roll. 

Procedure 

38. The test specimen shall be secured 
flat upon the plate electrode by means 
of weights at the ends. The plate shall 
be connected to the grounded pole of the 
110-v. circuit. The roller, the telephone 
receivers, and the 80,000-ohm resistor 
shall be connected in series in that order, 
and the remaining terminal of the 80,000- 
ohm resistor attached to the live pole of 
the 110-v. circuit. The roller shall be 
passed once over parallel sections of the 
test specimen, avoiding overlapping, 
at a speed of 5 to 20 ft. per min. The 
clicks heard in the telephone receiver 
shall be counted, each click being con- 
sidered a conducting path. 

Calculation and Report 

39. (a) Calculation , — The number of 
conducting paths shall be calculated as 
follows: 


where : , . 

B == total number of clicks ' counted 
. , on all test specimens, and . , 
A = total number, of square .feet, in 
the 1-in. sections in, all test 
specimens. 

{h) Report — The report shall indude. 

the following: 

(i) Number of conducting paths per 
square foot, 

{2) Type of current used, whether 
alternating or direct current, 
and 

(J) Number of square feet of paper 
tested. 

Method B, For Papers Over 0.038 mm, 
{0.0015 in.) and Under 0.76 mm. 
{0.030 in.) in Thickness 

Apparatus 

40. The apparatus shall consist of the 
following: 

{a) Electrodes . — Two electrodes con- 
sisting of a smoothly machined cast iron 
or other metal plate, and a set of smooth 
brass rollers. The plate dimension 
parallel to the direction over which the 
test specimen is moved shall be at least 
15.2 cm. (6 in.); the other dimension of 
the plate shall be at least as great as the 
width of the test specimen. 

The surfaces of the rollers shall be 
machined and polished to smooth cylin- 
ders. The finished dimensions of the 
brass rollers shall be as follows: 

Centimeters...: .Inches 

Diameter 3.8 1.5 

Widtli of face..*. 2.5 1.0 

The rollers shall be mounted in two 
parallel rows above the plate electrode 
and so arranged that each roller may be 
raised above or low^ered onto the plate 
surface, automatically aligning the roller 
surfaces with the plate surface. The 
rollers and plate shall be adequately 
insulated from each other. The rollers 
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sliall be mounted so that continuity of 
electrical connection between them and 
the potential source is assured when they 
are ' rotating. , The two rows of rollers 
shall be mounted with their axes 90 deg. 
to the direction in which the test speci- 
men is moved. The rollers in each row 
shall be spaced If in. apart on center 
lines and the two rows so placed that the 
midpoints of the rollers in one row are 
opposite the midpoints of the spaces in 


width that its edges extend at least 1 in. 
beyond the outer edge of the adjacent 
rollers. The test specimen shall be at 
least 7.61 m. (25 ft.) in length. The 
paper shall contain not more than 7 per 
cent of moisture at the time of test. 

Procedure 

42. The rollers shall be raised, the 
ehcTof the test specimen inserted, and 



Fig. 4. — Arrangement of Brass Rollers Used in Surveying Medium 
Thick Papers for Conducting Paths (Method B). 


the other row as shown schematically in 
Fig. 4. The total weight exerted by 
each roller on the surface of the test 
specimen shall be not more than US g. 
nor less than 85 g. 

(5) VoUage.-rK source of direct volt- 
age of proper voltage to impress 141 v. 
per mil on the test specimen, or a trans- 
former with regulating equipment to 
furnish an alternating potential at a volt- 
age sufficient to impress 100 v. per mil 
on the test specimen. 

Test Specimen 

41. The test specimen shall be of such 


the rollers lowered onto the paper sur- 
face. The electrodes shall be connected 
with a potential source of the proper 
voltage prescribed in Section 40 (J). 
The specimen shall be drawn between 
the plate and rollers at a speed of 30 to ' 
60 ft. per min. The number of holes 
burned through the specimen shall be 
counted, each burned hole being con- 
sidered a conducting path. 

CalcuiatiQH and Report 

43. (a) The number of 

conducting paths shall be calculated as 
follows: 
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Method ■ C, . , For Papers or Boards 0.76 
'/ mm. (0.030 in.) and Over 
; in Thickness 

Apparatus . 

44. The apparatus shall consist of the' 
following: 


Number of conducting paths per square foot ?== -j 

A 

where:'.' 

= total number of holes burned 
in all specimens, and 
i4 = total number of square feet 
contacted with the rollers. 




(a) Assembled, 




{h) Unassembled. 


Fig. S.—Uisk Electrode for Surve 3 diig Paper Over 0.76 

(Method C). 


mm. in Thickness for Conducting Paths 


(a) Electrodes— Two electrodes con- 
sisting of a smoothly machined cast 
iron or other metal plate and four rows 
of brass disks. The plate dimensiGn 
paraUel to the direction over which the 
specimen is moved shaU be at least 20.3 
cm. (8.0 in.). The other dimension of 


(6) Report . — The report shall include 
the following: 

(i) Number of conducting paths per 
square foot, and 

{2) Number of square feet of paper 
tested. 
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I the plate shall be at least as great as the 
width of the test specimen* 

The edges of the disk electrodes shall' 
/ be rounded to a radius of 0.64 cm. 
(0.25 in.) and the contact surfaces of the 
disks shall be machined and polished flat 
and smooth. The finished dimensions 
of the disk electrodes (see Fig. 5) . shall 


be as follows: - 

Centimeters 

Incites 

Diameter of flat contact 



' surface....... 

3.8 

1.5 

Thickness, min. 

0.64 

0.25 


The disk electrodes shall be mounted 
in four rows parallel to each other and 
so arranged that each disk may be raised 
above or lowered onto the plate surface, 
automatically aligning the disk surfaces 
with the plate surface. The disks and 
plate shall be adequately insulated from 
each othqr. The four rows of disks 
5 shall be mounted at 90 deg. to the direc- 

: tion in which the test specimen is 

^ moved. The disks in each of the four 

I rows shall be staggered so that when the 

: test specimen is pulled between the disks 

I and the plate, the entire surface of the 

I test specimen will be contacted twice by 

the disk electrodes. The total weight 
^ exerted by each disk on the surface of 
the test specimen shall be not more than 
700 nor less than 500 g. 

(b) Voltage , — source of direct volt- 
age of proper voltage to impress 141 v. 
per mil on the test specimen, or a trans- 
former with regulating equipment to 
furnish an alternating voltage at a volt- 
age sufficient to impress 100 v. per mil 
on the test specimen. 

Test Specimen 

45. The test specimen shall be of such 
width that its edges extend at least 1 in. 
beyond the outer edge of the adjacent 
disks. The test specimen shall contain 
not more than 7 per cent of moisture at 
the time of test. 


Procedure 

46. The, disks shall be raised,' the test 
specimen placed on the plate electrode, 
and the disks lowered onto the paper 
surface. The electrodes shall be con- 
nected with a potential source of the 
proper voltage prescribed in Section 
44 (6). The specimen shall be drawn 
between the plate and disks at a speed 
of 10 to 35 ft. per min. The number of 
holes burned through the specimen shaE 
be counted, each burned hole being con- 
sidered a conducting path. 

Calculation and Report 

47. (a) Calculation , — The number of 
conducting paths shall be calculated as 
foEows: 


where: 

H = total number of holes burned 
in all test specimens, and 

A = total number of square feet 
contacted with the disks. 

(J) Report . — The report shall include 
the following: 

(i) Number of conducting paths per 
square foot, and 

{Z) Number of square feet of paper 
tested. 

Deterioration 

Apparatus 

48. {a) Baking Oven. — An elec- 
trically-heated oven, equipped with an 
efficient means of circulating air within 
ox through the heated chamber, and a 
suitable fixture upon which the paper 
specimens may be mounted, shall be 
used. In case the air is cirGulated 
within the body of the oven, for example 
by fan, it is required that the fixture 
upon which the specimens are mounted 
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Fig. 6.“-Baking Oven Equipped for Circulating Air Within the Oven, 


Fig. 7.~Baking Oven Equipped for Circulating Air Through the Oven, 
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be a turntable rotating' oven 
at a speed of about 20 rpm.; so that the 
specimens shall be uniformly exposed to 
the oven conditions. In the case of 
heated air circulating through the oven, 
the fixture holding the specimens may be 
stationary but it is essential that it shall 
be mounted so as to be at least 4 in. from 
the oven walls at any point to permit 
adequate circulation in all parts of the 
oven, and the design should be such 
that there shall be an air velocity of at 
least 1 ft. per sec. through the oven. 

(&) Testing Equipment . — In addition 
to the oven it is necessary to provide 
testing machines for making physical 
measurements on the baked specimens. 
The test may be tensile strength, 
tearing strength, or folding endurance. 

Test Specimens 

49. The specimens shall be cut from 
samples obtained in accordance with 
Section 2 (u), and shall be at least | in. 
in width and at least 12 in. in length. 
At least five groups of five specimens 
each shall be selected for any of the 
physical tests noted in Section 48 (6). 
These groups of specimens shall be 
selected from the gross sample in some 
rational manner, so as to represent any 
known or suspected differences in the 
quality of the product. 

Procedure 

50. (u) The specimens shall be 
mounted on the fixture as shown in Figs. 
6 and 7. In the case of the rotating turn- 
table, Fig. 6, the specimens shall be 
mounted at such an angle that they will 
assist, fan-like, in stirring the air within 
the oven. In the case of a stationary 
scheme of mounting, Fig. 7, the speci- 
mens shall be mounted vertically. The 
rows of clips supporting the specimens, 
top and bottom, should be set alter- 
nately at 45-deg. angles across the oven 
so that the air flowing horizontally 
through the oven would pass between 


these staggered rows, turbine fashion, 
and • assist in keeping the temperature 
uniform in all parts of the oven. 

(b) The fixture, readily removable 
from the oven for mounting the speci- 
mens, shall be put in place, and the oven, 
previously brought to 135 C., shall be 
closed. Air shall be circulated, as 
previously indicated, and the tempera- 
ture shall be maintained at 135 ± 2 C. 
for 96 hr.^ It is imperative that the 
differences in temperature in different 
parts of the oven shall not exceed 2 C. 

Conditioning and Testing 

51. The baked specimens shall be 
removed from the mounting fixture, care 
being taken not to damage the strips, 
and shall be conditioned in a humidity 
room at a relative humidity of 60 to 65 
per cent and at a temperature of 68 to 
86 F., for a period of 4 hr. They shall 
then be tested in this conditioned room 
for tensile breaking strength, tearing 
strength, or folding endurance. 

Report 

52. The maximum, minimum, and 
average values shall be reported for each 
type of test used. 

Rate of Impregnation 

Scope 

53. These methods are intended to 
apply to papers which are to be im- 
pregnated with phenolic varnishes and 
used in the manufacture of phenol 
fiber or for various insulating purposes. 

Apparatus 

54- The apparatus shall consist of the 
following: 

{a) Penetrometer —K Williams stand- 
ard tilting type penetrometer with orifice 
6.03 cm. {2.375 in.) in diameter as shown 

6 These temperature and time conditions are satis- 
factory for the more stable types of cable insulating 
papers. Less severe conditions should be used for other 
insulating papers and these wilt be included 
they are developed by the committee- 
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in Fig. 8, or : equivalent penetrometer, 
equipped with a stop watch graduated 
inseconds. 

(b) Thermometer.— K Fahrenheit ther- 
mometer of suitable range graduated in 
0.25 F, : , 

(i:) 0^1 —Mineral or castor oil having 
a viscosity of 700 =fc 30 centipoises at 

77. F., ' ■ .. 

Note.— F or comparative purposes, liquids 
other than these may be used, 

(d) Rubber Tubing. 



Fig, 8. — Penetrometer. 


Test Specimens 

55. Six test specimens 3 in. square 
shall be cut from each sample selected 
in accordance with Section 2 {a). The 
specimens shall be conditioned as pre- 
scribed in Section 3. 

Procedure 

56. {d) The test specimens shall be 
measured for thickness in accordance 
with methods A or C of the Standard 
Methods of Test for Thickness of Solid 
Electrical Insulation (A.S.T.M. Desig- 
nation: D 374)®. 

{b) The test specimens shall be num- 
bered consecutively on the same side of 
the paper. The odd-numbered speci- 
mens shall be tested with their numbered 


sides up, .that is, not - in contact with the 
impregnating liquid.- The .even-num- 
bered specimens shall be tested' with their 
numbered sides down, that is, in contact 
with the impregnating liquid. . 

{c) The liquid container shall be 
placed in a horizontal position and the 
thermometer shall be so fixed that the 
bottom of its bulb is approximately J in. 
above the container bottom. The con- 
tainer shall be filled with the impregnat- 
ing liquid to within f in. of the upper 
edge of the container orifice. The liquid 
shall be maintained at this level by add- 
ing small amounts of liquid to replace 
that absorbed by the test speciinens dur- 
ing the testing period. The tempera- 
ture of the liquid shall be maintained at 
77 ± 2 F. during testing by means of the 
electrical heater or by the circulation of 
water through the jacket. 

(d) The specimen shall be placed over 
the container orifice and clamped in place 
with the ring clamp. After setting the 
stop watch at zero, the container handle 
shall be depressed quickly until the front 
end of the container touches the base 
plate. The surface of the paper shall be 
observed closely and at the instant of 
complete penetration of the liquid 
throughout the entire paper area under 
test the watch shall be stopped by im- 
mediately raising the front end of the 
liquid container. 

(e) The elapsed time shall be recorded 
as that of impregnation. 

Report 

57. The report shall include the fol- 
lowing: 

{a) The average, maximum, and mini- 
mum times for total impregnation, in 
seconds, 

{b) The average, maximum, and mini- 
mum thicknesses before impregnation, 
in inches, and 

{c) Thickness of the specimen showing 
the maximum impregnation time and 
also the thickness of the specimen show- 
ing the minimum time. 
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Test for pH of Insulating* Paper® 

Scope^ 

58. This method of test is designed 
to indicate the active acidity and al- 
kalinity of aqueous extracts of electrical 
insulating papers. Such extracts are 
normally unbuffered and are readily af- 
fected by atmospheric carbon dioxide. 
This procedure embodies features to 
prevent errors from this cause. The 
method consists of a hot water extrac- 
tion of the specimen followed by a pH 
measurement of the cooled extract solu- 
tion in an atmosphere of nitrogen. The 
pH measurement involves the use of a 
glass-calomel electrode system with suit- 
able potentiometric equipment. 

Apparatus 

59. The apparatus shall consist of the 
following: 

(а) Bath.-— A hot water bath. 

(б) Motor and Stirrer. — A motor with 
a stirrer constructed as shown in Fig. 
2. The stirrer shall be made of brass, 
chromium plated to render it acid and 
alkali resistant. 

(c) Flasks. — Wide-mouth acid-resistant 
and alkali-resistant glass'^ 250-ml. Er- 
lenmeyer flasks and wide-mouth flasks 
of suitable size for use in the electrode 
assembly described in Paragraph (k)\ 
250-mL evaporating flasks are satis- 
factory. 

{d) Therm ometers. — Thermometers 

having a range of from 0 to 100 C. and 
graduated in 1 G. intervals. 

{e) Electric Hot Plate. 

(/) Suction Filtering Apparatus. 

(g) Reflux Condenser.~~-V^dui&:-CQo\tdi 
acid-resistant and alkali-resistant glass.^ 

Qt) A scar it e or Soda Lime Guard Tube. 

(i) Potentiometer Equipment. — po- 
tentiometer, galvanometer and auxiliary 
electrical equipment capable of operating 

^ ®This test was developed by the Joint D 6— D-9 Com- 
mittee on pH Problems. 
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with a limit of error of plus or minus 
0.006 V. A direct reading pH meter 
with manually adjusted temperature 
compensator is desirable. The meter 
shall operate with a limit of error of plus 
or minus 0.1 pH.*^ 

(j) Electrodes.-— A saturated calomel 
reference electrode with a ‘%alt bridge,’’ 
and a glass electrode.® Commercial 
glass electrodes containing permanently 
sealed internal electrodes require no 
preparation. Open-tube glass electrodes 
may be prepared by filling the electrode 
tube with a solution of 0.1 iV hydro- 
chloric acid saturated with quinhydrone. 
A bright platinum wire electrode shall 
then be inserted in the open tube. The 
glass electrode and its lead wire shall be 
suitably shielded to prevent electrostatic 
interference. 


5 



{k) Electrode Assembly. — The electrode 
assembly shall consist of a suitable flask 
provided with a rubber stopper for 
holding the calomel reference electrode, 

’This potentiometer equipment is available from, 
several manufacturers. 

8 This equipment is available from several manufac- 
turers. For the electrode assembly shown in Fig. 9, elec- 
trodes approximately 5 in. in length are satisfactory. 
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the glass electrode, the thennometer, a 
gas Met tube extending to the bottom 
of the flask and a gas outlet tube. An 
arrangement that allows removal of the 
flask without disturbing the electrodes, 
thennometer, and gas inlet and outlet 
tubes is desirable. A satisfactory as- 
sembly is shown in Fig. 9. 

Note. — As a precaution against possible 
carbon dioxide contamination from the atmos- 
phere, unnecessary transference of the extract 
solution from one flask to another should be 
avoided where practicable. It is, therefore, 
desirable that the flask Selected for use in the 
electrode assembly shall also be suitable for the 
reflux and cooling operations specified in Section 
63. Flasks and condensers fitted with ground- 
glass joints are convenient and preferable when 
available. 

Reagents 

60. {a) Standard Biifer Solntion {for 
standardising the glass electrode ). — Dry 
about 6 g. of analytical grade potassium 
acid phthalate for not less than 2 hr. 
at 120 C. Cool in a desiccator contain- 
ing a good desiccant. Add 5.090S g. 
of the salt to 500 ml of distilled w^ater 
at 25 C. The pH of this buffer solution 
is taken as 4,0 at 25 C. 

{b) Distilled Wader . — The boiled 
distilled water shall have a pH of 7.0 
to 8.0 when boiled and tested in accord- 
ance with the procedure prescribed in 
Section 63 in the absence of a paper 
sample. Water meeting this require- 
ment may be prepared by double distil- 
lation, the second distillation being over 
alkaline permanganate. Acid-resistant 
and alkali-resistant glass apparatus 
should be used for these distillations. 

Characteristics of Electrode System 

61. (a) Preparation for Use and Main- 
tenance . — The electrodes require regular 
attention to obtain constant and re- 
producible values. Before and after 
using, wipe them with a piece of lens 
paper or soft cloth. The calomel elec- 


trode shall contain at all times: sufficient 
saturated, potassium chloride so that :the 
level of the salt solution, inside the elec- 
trode is always above, the level of ,the 
liquids in which it is immersed. When 
not in use, keep the lower half of each 
electrode immersed' in distilled water.' 
Before placing the electrodes in the 
solutions to be measured, rinse them 
sev eral tim es with fresh portions of 
distilled water until a constant pH is ob- 
tained. This precau t ion is especially im- 
portant after the buffer standardization. 

{b) CaUbration.--~lLO calibrate the elec- 
trodes, place sufficient standard buffer 
solution at 25 d= 1 C. in a beaker to 
cover the lower half of the electrodes. 
If a direct reading pH meter is employed 
adjust the temperature compensator 
for the temperature of the solution and 
vary the “asymmetry potential’’ adjust- 
ment until the meter registers a scale 
reading of 4.0 while the electrodes are 
immersed in the buffer solution. With 
other forms of potentiometric equip- 
ment, read and record the potential In 
operations over extended periods of time, 
the electrode calibration should be 
verified frequently. 

Test Specimen 

62. From the samples obtained in ac- 
cordance with Section 2(a), a composite 
test specimen weighing at least 5 g. 
shall be cut into small pieces approxi- 
mately 1 cm. (0.4 in.) square. The 
specimen shali be thoroughly mixed 
and, during preparation, any contamina- 
tion by handling shall be avoided. 

Procedure, 

63. (a) A 1-g. portion of the composite 
specimen shall be placed in the 250-ml. 
Erlenmeyer flask and 100 ml of boiling 
distilled winter added. The flask shall 
then be clamped in position in a boiling 
water bath so that at least one-half of 
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: the flask is immersed in the water bath. 
' Duiing the stirring, the temperature of 
the contents of the flask shall remain at 
least as high as 95 C. The stirrer shall 
be mounted so that the blades are within 
; 1 cm. (0.4 in.) of the bottom of the flask. 

The assembled extraction apparatus is 
shown in Fig. 3. The stirrer shall be 
driven at a speed of 4000 to 5000 rpm. 
for 5 niin. At the end of this period 
the specimen should have been thor- 
oughly pulped. For paper unusually 
difficult to pulp, the period of stirring 
shall be increased to 10 min. 

(b) Immediately after the specimen 
has been pulped, the contents of the 
‘ flask shall be filtered rapidly with sue- 
‘ tion through a perforated porcelain 
; disk, refiltering the first portion of the 
! filtrate to permit the formation of a 
mat. The residual pulp shall not be 
I washed. 

I ■ ■ 

I Note.— I t is important that the filtration of 

I the extract be accomplished as promptly as 
possible after the disintegration. When the 
. fibers are too short to form a satisfactory mat 
I on the perforated porcelain disk, filter with 
I suction through a fine quantitative filter paper 
? (which has been washed twice wdth lOO-ml. por- 
j tions of hot distilled water) on a Buchner funnel. 

(c) After the filtration, the extract 
^ solution shall be diluted to 100 ml. with 
hot distilled water by bringing it up to 
the mark in a 100-ml. graduated cylinder. 
It shall then be transferred to the elec- 
trode assembly flask. 

(d) The flask containing the filtered 
extract shall be attached to the reflux 
condenser by means of a rubber stopper 
covered with tin or aluniinum foil, and 
boiled for 5 min. to remove traces of 
absorbed carbon dioxide. 

(e) At the end of the boiling period, 
the ascarite or soda lime guard tube 
shall be attached to the exposed end of 
the condenser. After being protected 
in this way against atmospheric carbon 
, dioxide, the extract solution shall be al- 


lowed to cool to room temperature. The 
cooling time may be shortened by im- 
mersing the flask in a Gooling bath. 

Note.— When a series of tests are being made, 
the reflux and cooling operations may be facili- 
tated by attaching an air-cooled condenser to 
the flask prior to the cooling period. This will 
make the water-cooled condenser available for 
the refluxing of additional extract solutions. A 
10-mm. glass tube approximately 450 mm. in 
length is satisfactory for this purpose; it may 
be fitted to the flask by means of a foil-covered 
rubber or cork stopper. The exposed end of the 
condenser should be fitted with an ascarite or 
soda lime guard tube. 

(/) After the extract solution has 
cooled, the condenser shall be removed 
from the flask and the flask shall be 
attached immediately to the electrode 
assembly. During this operation nitro- 
gen gas shall be passecl through the 
bubbling tube. The nitrogen bubbling 
shall be continued for 10 min. 

Note. — Because the effect of carbon dioxide 
becomes negligible in acid solution, Paragraphs 
(d), (e) and the nitrogen bubbling of Paragraph 
(/) may be omitted when an extract is known 
to have a pH lower than 5.3 as measured b 3 ' 
this method. 

(g) After the 10-min. period and with 
the nitrogen still bubbling through the 
solution, the temperature of the solution 
shall be adjusted to 25 rh 1 C. When a 
direct reading pH meter is being used, 
the temperature compensator shall be 
adjusted for the temperature of the 
solution and the pH shall be read. 
When any other form of potentiometric 
equipment is employed, the voltage 
shall be read. 

(h) At least two specimens shall be 
tested. If the pH readings on duplicate 
determinations do not agree within 0.3 
pH unit, the determinations shall be re- 
peated. 

Calculation and Report 

64, (a) With potentio- 

metric equipment which does not record 
the pH directly, the pH of the extract 
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solution slxall be calculated as follows: 
- X 5039.4 


pH 


273 + 1 


+ pHi 


where: . 

El = voltage recorded with standard 
.buffer solution, , 

^2 = voltage recorded with extract 

solution, 


t , ' ==' temperature in' degrees ' Centi- 
grade of extract , s,olution at 
'time of measurement, and ' 
pHi = nominal pH .of standard, buffer 
solution. 

(b) Rep mi. —The results shall, be re- 
ported to the nearest 0.1 pH unit. 


Tentative Specifications fior 

NATURAL BLOCK MICA AND MICA FILMS SUITABLE FOR 
USE IN FIXED MICA-DIELECTRIC CAPACITORS^ 



A.S.T.M. Designation: D 748 - 4S T 
Issued, 1943; Revised, 1945.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) These specifications cover na- 
tural block mica and mica films suitable 
for use in the manufacture of fixed mica- 
dielectric capacitors. 

Note. — ^The properties included in these 
specifications are those required to identify the 
types of natural block mica and mica films 
suitable for use in the manufacture of fixed 
mica-dielectric capacitors. There may be other 
requirements necessary to identify particular 
characteristics. These will be added to the 
specifications as their inclusion becomes generally 
desirable and the necessary test data and meth- 
ods become available. Natural block mica and 
mica films which do not conform to the require- 
ments of these specifications for capacitor use 
may well be capable of meeting the requirements 
for other critical electrical insulating purposes, 
such as in vacuum tubes, and airplane spark 
plugs, 

ifi) The system of classifying quality 
of natural block mica and mica films, 
covered by these specifications, and 
which has been tried out commercially 


1 Under the standardiasation procedure of the Sopety, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee I>-9 on Electrical Insulating 
Materials. 

2 Revision accepted by Committee E-10 on Standards, 
June 27, 1945, 


and found to be both practicable and 
reliable, is based on a combination of 
electrical and physical properties which 
the mica must possess. This system 
differs radically from past practices and 
previous concepts of mica quality for 
capacitor use. It does not discriminate 
against the presence of spots and stains 
in even first quality electrically selected 
mica providing the mica conforms to 
specific electrical and physical require- 
ments. Appreciable amounts of air in- 
clusions and waviness also are permitted 
in all electrical quality classes providing 
the mica meets specific electrical and 
physical requirements. However, such 
mica is not considered generally as 
desirable as mica having lesser amounts 
of such defects. Mica capable of meet- 
ing specific requirements also may be 
of any basic color such as white, ruby, 
light green, dark green, brownish green, 
rum, or other colors derived from any 
source. As the electrical system of 
classification qualifies mica previously 
considered visually unsuitable for capaci- 
tors, the mica supply for such use is 
greatly increased as compared with the 
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choicer "visual quality types. ■ A ' some- ' 
what lower yield (10 to 20 per cent) of 
films from electrically selected block 
mica may be experieiiced with lower 
visual quality micas due principally to 
poorer splitting properties or improper 
preparation of the block. Appendix 
III gives approximate ^Visual quality’^ 
equivalents determined in accordance 
with the Standard Methods of Testing, 
Grading, and Classifying Natural Mica 
(A.S.T.M, Designation: D 351).® 


TABLE I.-GRADES (SIZES) OF NATURAL BLOCK 
MICA OR MICA FILM. 


Grade 

Area of 
Rectangle, 
sq.in. 

Mmimiun 
Dimen- 
sion of 
One Side, 
in. 

OOEE Special 

100 and over 


OEE Special.. 

80 to 100 



60 to 80 


Extra Special 

48 to 60 


A-1 (Special) 

36 to 48 

■ 4* ■ 


24 to 36 

- 3 

2 

IS to 24 

2 

3 

10 to 15 

2 

4 

6 to 10 

IH 

i 1 ■ 

5 . . 

3 to 6 

SH- 

2H to 3« 

1 to 2 H 

1 

6 

H 




® 1943 India Mica Mission permits 2J4 to 3 sq. in. 


Forms 

2. These specifications cover the fol- 
lowing two forms of natural mica, suit- 
able for use in the manufacture of mica- 
dielectric capacitors: 

Form L — Full-knife trimmed natu- 
ral block mica 0.007 to 0.030 in. in 
thickness. 

Note. — A certain percentage of block 
. mica thinner than 0.007 in. may be accepted 
under these specifications, subject to agree- 
ment between the purchaser and the manu- 
facturer. 

Form 2 . — Films or capacitor splits 
0.0008 to approximately 0.004 in. in 
thickness from trimmed block mica or 
cut to size. 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


FOE Cafagitors (D 748 -' 45 T) ^ 

' Grades (Sizes) ■ 

.. 3. .The, grade or size of .block mica .or 
films split from trimmed' block mica 
shall be based on the usable area of the' 
rectangle which can be cut from the 
specimen and thC: minimum dimension 
of one side. ' The mica in the usable 
rectangle shall conform to the quality 
requirements specified by the purchaser. 
The grades or sizes of block mica or mica 
films covered by these specifications shall 
be based on the so-called India grading 
scale, in general use for many years, as 
given in Table I. 

Classes 

4. These specifications cover the fol- 
lowing three classes of natural block 
mica or mica films. The class of mica 
desired shall be specified by the pur- 
chaser. Block mica or mica films shall 
conform to all of the requirements of its 
respective class, unless otherwise speci- 
fied by the purchaser. 

Class C-l. — Class C-1 block mica or 
mica films has the highest Q value ob- 
tainable for mica (2500 minimum in 
capacitors) and is suitable for use in all 
sizes and types of silver and foil electrode 
molded and clamped unit capacitors, 
including the most critical types, for 
use in high stability tuned circuits, as 
well as high current radio frequency 
capacitors used in radio transmitter 
circuits (Note). 

Note 1. — Based oa commercial experience 
(see Appendix II), class C-1 block mica or mica 
films is satisfactory for the manufacture of all 
of these types of mica capacitors. However, it 
has been found that *%edium to heavy” air- 
stained mica may produce a slightly lower yield 
of highest stability and high current radio fre- 
quency types of capacitors as well as a somewhat 
lower yield of satisfactory silver electrode mica 
laminations. Likewise, ^'medium to heavy” 
wavy mica may also adversely influence the 
application of silver electrodes. In addition, 
there is some possibility that excessive wavihess 
may cause cracked laminations in molded capac- 
itors due to the high molding pressures em- 
ployed and it may be less suitable from a stacking 
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table ii.—electrical, physical, and visual 
quality requirements of natural^block 

MICA AND MICA FILMS FOR USE IN CAPACI- 
,TORS. 


BUctncal Properiies: 

Conductivity., — 

y Q value or power factor at 

1 megacycle.' ^ 

Dielectric r 

ai --«••• 

Dielectric constant 


physical Praperties: 

WeifEt loss on heating (S 
mm. at 600 C.), max., 

per cent. .. — 

Thickness uniformity 
(mica films)® 


Tcmperature'coef&cient of 
capacitance and retrace . 

Visual Qualities: 


Air inclusions* 


Waves'^ 


A.. 


Cracks. . . 

Tears 

Pin holes. 
Stones — 
Buckles. . , 
Ridges. . , . . 


Class 

C-1 

Class 

C-2 

Class 

C-3 

none 

none 

none 

E-1® 

E-2® 

E-3® 

1000 

1000 

1000 

8S0 

850 

850 

b 

b 

b 

0.2 

0,2 


best 

best 

interme- 

diate 

d 

d 

d 

none to 

none to 

none to 

slight 

slight 

medium 

slight 

medium 

medium 

medium 

medium 

medium 

to 

heavy 

to heavy 

to heavy 

flat to 

flat to 

flat to 

slight 

slight 

medium 

slight 

medium 

medium 

medium 

medium 

medium 

to 

heavy 

to heavy 

: to heavy 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 


“ The Q value or power factor (g= power* factor ) 
block mica or mica films suitable for use in capacitors shall 
fall within the three electrical quality groups, based on 
end-use requirements, designated E-1, E-2, or E-3. These 
quality groujps shall conform to the Q or power factor 
values prescribed in Table III or the corresponding scale 
readings of the vacuum-tube voltmeter when tested by 
the_rapid, direct-reading method described in Appendix I. 

® As the dielectric constant of natural block mica 
suitable for use in capacitors is fairly uniform, no specified 
requirement is needed. 

* Until definite values can be specified, the permissible 
amounts of such defects shall be agreed upon by the 
purchaser and the manufacturer. 

® It has been found that the temperature coefficient 
of capacitance and retrace of capacitors made with Classes 
C-1, C-2, and C-3 mica are more dependent on such factors 
as electrical and mechanical design and manufacturing 
technioiue than any differences that may be attributed to 
the mica itself. 

* The amount of air inclusions shall not exceed the 
specified limits for each subclass as judged by the photo- 
graphic reference standards^ shown in Figs. 1 to 3. The 
permissible amount of air inclusions shall be stated by 
suffixing the letter A, B, or C, as the case may be, to 
the required electrical quality class. ^ 

^ Until definite values can be specified, the permissible 
amount of waves, buckles and ridges shall be agreed upon 
by the purchaser and the manufacturer. The permissible 
amount of waves shall be stated by suffixing the letter 
A, B, or C, as the case may be, to the letter denoting the 
amount of permissible air inclusions, for example: Class 
C-1 B A block mica or mica films denotes: 

C-1 B A , 

Best electrical medium air flat to slight 
quality inclusions waves 


Standpoint. Similarly, some reduction in unit 
volume capacitance of foil electrode capacitors 
may result from excessive amounts of either air 
inclusions or waviness. 

Class C-2 , — Class C-2 block mica aad 
mica films has a high order of Q value 
(1500 minimum in capacitors) and is 
suitable for use in all sizes and types of 
silver and foil electrode molded and 
clamped unit capacitors similar to those 
specified for class C-1 mica. However, 
a certain percentage of capacitors made 
with class C-2 block mica and films may 
show a somewhat higher temperature 
rise in transmitter types than capacitors 
made with class C-1 block mica or mica 
films. 

Class C-3 . — Class C-3 block mica and 
mica films has the lowest Q value (mini- 
mum 200 in capacitors) of the three 
classes covered by these specifications. 
Such Q value, however, is sufficiently 
high to permit this mica to be classed as 
a low-loss insulating material. This 
mica is particularly suitable for use in 
foil electrode molded and clamped type 
capacitors (Note) used in less critical 
circuits for blocking and coupling pur- 
poses where high Q value, high stability 
and low temperature coefficient are not 
required. 

Note 2. — Experience has shown that silver 
electrode molded capacitors made with class 
C-3 mica which contained slightly conducting 
spots and stains but contained “none to slight” 
air inclusions and “fiat to slight” waves, had tem- 
perature coefficient and capacitance stability 
characteristics just as good as obtained with 
capacitors made with the best class C-1 mica. 

Electrical and Physical Properties, and 

Visual Qualities 

5. Natural block mica and mica films 
shall conform to the requirements as to 
electrical and physical properties and 
visual qualities as prescribed in Table II. 

Methods of Testing 

6, The properties enumerated in these 
specifications shall be determined in 
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accordance with the following methods 
of test: 

({i) Grading According to Size. — Stand- 
ard Methods of Testing, Grading, and 
Classifying Natural Mica (A.S.T.M. 
Designation: D 351),® Section 2 and 
A.S.T.M. Chart in Plate I of Methods 
D35L 

(&) Electrical Standard 

Methods of Test for Conducting Paths 
in Electrical Slate (A.S.T.M. Designa- 
tion: D 273),® using a spark coil test set 
except that a sharp-pointed electrode 
shall be used in place of the comb elec- 
trode for exploring for conducting veins 


films. In this instance the purpose of the test 
is to detect dielectric weakness due to any cause. 

{c) Q Value or Power Factor, — A.S. 
T.M. Methods D 351, at 1 megacycle, 
or by the rapid, direct-reading method 
described in Appendix I of these spec- 
ifications. 

Note 2. — Information available indicates 
that block mica found suitable for use at 1 mega- 
cycle, is equally or more suitable for use at higher 
frequencies. However, such mica may or may 
not be as suitable for use at lower frequencies. 
In critical low-frequency applications it there- 
fore may be desirable to test at a frequency 
lower than 1 megacycle. 


TABLE III.— Q AND POWER FACTOR VALUES FOR ELECTRICAL QUALITY GROUPS E-1, E-2, AND E-3. 


Q or Power 
Factor 
Group 




Rapid Method Meter Reading 

Form 

Q Value 

Power Factor 

0.010 in.‘= 
(0.007 to 
0.015 in.) 

0.020m.‘' 
(0.015 to 
0.025 in.) 

0.030 in.« 
(0.25 to) 
0 .035 in. 

E-1 { 

Blnr)r i 

2500 min. 

0.0004 max. 

95 to 100 

95 to 100 

95 to 100 

Mica films ^ 

2500 min ® 

0.0004 max. 

95 to 100 

95 to 100 

95 to 100 

E-2 .1 

Block mica 

350 to 2500 

0.00285 to 0.0004 

87 to 95 

77 to 95 

71 to 95 

Mica films^ 

1500 min.® 

0.00066 max. 




i 

E-3 { 

Block mica - 

50 to 350 

0.02 to 0.00285 

SO to 87 

32 to 77 

24 to 71 

Mica films* 

200 to 1500® 

0.005 to 0.00066 





® Extensive commercial tests have verified the validity of the Q values of capacitors made with group E-1, E-2, and 

O^values f?r^maferiaf ^purchas as films and tested in stacks of films 0.010 to 0.030 in. in thickness. These 
also indicate probable minimum Q values of molded type, 1000 mmf., stacked-foil, and silvered capacitors. (Sec Fig. 
6 in Appendix I.) These will apply when all factors that would adversely influence the Q value are under control, 

* Thickness of block mica or mica films stacked to this thickness. 


and spots. This test shall be made in 
subdued light in a lighted room. 

Note 1.— For the purpose of these specifica- 
tions, electrical conductivity in spotted and 
stained areas of block mica is revealed when 
visible sparking or glowing takes place inside or 
on the surface of the mica in the vicinity of the 
test probe and not by actual puncture of the 
mica by the Hgh-potential current. If actual 
puncture of the test specimen does take place 
this indicates the presence of mechanical faults, 
such as, pin holes, tears, or cracks which extend 
completely through the mica. While this test 
method has been found suitable for controlling 
conductivity in spots and stains and dielectric 
weakness due to mechanical faults in block mica, 
an even greater factor of safety will be realized 
if this flash test is applied directly to capacitor 


{d) Dielectric Strength , — Standard 

Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149),® using the 
short-time test with J-in. diameter 
electrodes in oil. 

Note 3. — ^In cases of dispute arising from bor- 
derline cases of Q value or power factor and 
dielectric strength, the test specimens shall be 
baked for a minimum period of 2 hr. at a tem- 
perature of 121 C. (250 F.), and tested imme- 
diately upon cooling to room temperature. 

(e) Weight Loss on , Heating . — ^Test 
specimens shall be preheated in an oven 
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'at 121,, C. (250 F.) for ,a ininirriiim time 
:„of 2 hr. and then weighed. The speci- 
.mens shall then be heated in the. oven .at 
600C. for 5 niin. and re- 

weighed. The percentage loss in weight 
after heating shall be calculated based on 
.. the weight of the specimen at the end'.of 
the . 2“hr . p,reh.ea ting period, 

(jf) Thickness .r Uniformity {Films ). — 
Splitting quality shall be judged by the 
uniformity of thickness of films split 
from block mica by viewing between 
crossed polaroids. 

(g) Visual Qualities. — -The visual 
qualities of block mica shall be judged 
under the following conditions: 


Air Inclusions. — Reflected daylight 
or equivalent 

Waves, Buckles, and^ -Re- 

flected daylight through a window 
frame where distortion of parallel and 
vertical lines of reflected image can be 
judged. 

Note. — Quantitative methods of test for 
these qualities are under development. 

Cracks, Tears, Pinholes, and Stones. 
— The presence of such mechanical 
defects as cracks, tears, pinholes, and 
stones shall be determined by the 
spark coil test as prescribed in A.S. 
T.M. Methods D 273. 


APPENDIX I 


Rapid, Direct-Reading, Resonant-Circuit Method for Determining Q 
Value or Power Factor of Natural Block hlicA or hJiCA Films 


Al, General . — This Appendix , contains a 
description of a rapid, direct-reading, resonant- 
circuit method for measuring power factor or Q 
value of sheet insulating materials at a frequency 
of 1 megacycle, altlmigh it has been found 
equally suitable for such purpose over a fre- 
quency range from 50 kc. up to 100 megacycles. 
It is not intended as a precision method. Its 
chief virtues are the speed and simplicity with 
which a useful power factor or Q value indication 
cm be obtained. No special preparation of the 
test specimen is necessary (other than condi- 
tioning, where necessary), such as the applica- 
tion of tin-foil electrodes. Likewise, no 
calculations are necessary. 

A2. Theory of Ope7'ation.--—Tlm method makes 
use of a comparison between the maximum 
resonant voltage measured across a low-loss 
capacitor in parallel with an inductance and the 
maximum resonant voltage across the same cir- 
cuit when a piece of block mica is introduced in 
series with the low-loss capacitor. To accom- 
plish this, resonance is reestablished each time a 
test specimen is placed in series with the low-loss 
capacitor by adding capacitance to duplicate 
the initial capacitance of the resonant circuit, 
by means of a variable, vernier air capacitor in 
parallel with the coil. This provides a test 
method requiring but a single dial adjustment 
and this combined with a direct-reading meter, 


greatly facilitates rapid testing. Greater testing 
speed can be realized by adopting this method 
to full automatic means. 





£■— Inductance having a Q value of at least 300 at I mega- 
cycle. 

Cv — Vernier capacitor (approximately 10 mmf. max- 
imum) . 

Co— 'Fixed low-loss air capacitor (approximately 20 tnmf .) . 
C«— Test specimen. 

Cc— Input coupling capacitor. 

F— Vacuum tube voltmeter. 

Fig. 4. — Diagram of Connections of Test Cir- 
cuit for Measuring Power Factor. 

A3. Calibration . — It is possible to calibrate 
the indicating scale of the vacuum-tube volt- 
meter directly in terms of power factor or Q 
value by using test specimens of block mica of 
known power factor. The resulting scale then 
can be used to give a direct indication of power 
factor or Q value over a useful range. As the 
meter indication is a function of both the power 



Q Value, log scale 
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Fig. 5. — ^Test Electrodes. 



Meter Readings for 0.020 -in. Block Mica 
Fig. 6. — ^Typical Calibration Curves of Block 
Mica Determined by the Rapidj Direct- 
Reading Method. 


factor and the thickness of the test specimen, the 
latter also shall be taken into consideration in 
the calibration. It has been found that if the 
inductance coil used in such a test circuit has a Q 
value of approximately 300, the Q range will 
extend from somewhere in the vicinity of 10,000 
at full scale to about 50 at quarter scale of the 
indicating meter. It further has been found that 
using inductances with of 300 or more, 
the calibration is fairly independent of frequency 
and a frequency range from 50 kc. to 50 mega- 
cycles can be covered by merely changing the 
inductances and the oscillator test frequency. 
Even without a true Q value calibration this 
method is capable of giving relative values of Q 
on an arbitrary scale where such indications are 
all that might be required. It has been found 
feasible to use an arbitrary scale in the measure- 
ment of the Q value of block mica. 

A4. Test CirciiU. — h diagram of connections 
of the test circuit is shown in Fig. 4. 

A5. SensUimtyr—Iii^ sensitivity in the low 
power factor or high Q value range is a function 
of high circuit Q value. To obtain this, particu- 
lar care is necessary in the choice of components 
and insulating materials. For test frequencies 
of 1 megacycle and lower, (Fig. 4) may be a 
high quality conventional type variable air 
capacitor with a single movable plate. For 
frequencies above 1 megacycle the vernier 
capacitor should, preferably, form an integral 
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part of the test electrodes so as to keep series 
resistance and inductance effects at a minimum.s 

A6. T est Electrodes . — -The test electrodes® 
found satisfactory for this test method are 
shown in Fig, 5. These test electrodes have 
been designed with a view of adopting them to 
standard commercial testing equipment in- 
corporating an oscillator and a vacuum-tube 
voltmeter. 

hi . Typical Calibration Curves , — A typical 
calibration curve for the Q value of block mica 
and one in terms of probable Q value of manu- 
factured capacitors are shown in Fig. 6. 

AS. Meter Scale . — The calibration of the 


6 See Section 28 (b) of tiie Tentative Methods of Test 
for Power Factor and Dielectric Constant of Electrical 
Insulating Materials (A.S,T.M. Designation: D 150), 
seep. 667. 

® Blueprints of detailed drawings for the construction 
of these test electrodes are available at a nominal cost 
from the American Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 


meter scale for block mica is based funda- 
mentally on the probable Q values of capacitors 
when made from splittings from block mica. 
Group E-1 corresponds to capacitors having Q 
values of 2500, minimum. The range for group 
E-2 corresponds to capacitors having Q values of 
1500 to 2500, and the E-3 range to capacitors with 
Q values up to 1300 at a frequency of 1 mega- 
cycle. The minimum Q value for the E-3 range 
that capacitors may have appears to be in the 
neighborhood of 200. The divergence of the Q 
value of block mica from capacitor Q values is an 
interesting phenomenon. A depreciation from 
the value for block mica in the high Q range and 
an improvement over block mica in the low Q 
range when made into molded capacitors has 
been established. A possible explanation is the 
contributing losses in the molded casing and the 
resistance of foil and leads in the first case and 
the release of imprisoned moisture on splitting 
and baking in the second case. 


APPENDIX II 


recommended use of block mica and mica films per A.S.T.M. SPECIFICATIONS D 748 IN FIXED 
MICA-DIELECTRIC CAPACITORS PER JOINT ARMY-NAVY SPECIFICATION JAN-C-5 


Block Mica and Mica Films per A.S.T.M. Specifications 
D 748 


Class C-1 

(Within maximum and minimum limits specified for air 
inclusions and waviness) 

Class C-2 

(Within maximum and minimum limits specified for air 
inclusions and waviness) 


Capacitors per Joint Army-Navy Specification JAN-C-S 


All types and sizes of silver and foil electrode molded and 
potted capacitors of characteristics A to F. 


Same as above for class C-1, except a small percentage may 
fail to meet requirements for Q value. Temperature co- 
efiScient and retrace and radio frequency temperature rise 


Class C-3 ^ 

(Within maximum and minimum limits specified for air 
inclusions and waviness) 


All sizes of foil electrode characteristic A capacitors. 


APPENDIX III 


APPROXIMATE EQUIVALENTS BETWEEN ELECTRICAL QUALITY PER A.S.T.M. SPECIFICATIONS D 748 
AND VISUAL QUALITY PER A.S.T.M. METHODS D 351. 


Electrical Quality per A.S.T.M. Specifications 
D748 

Visual Quality per A.S.T.M. Methods D 351^ 

Block Mica and Mica Films 

Block Mica 

Mica Films 

Class C-1 AA 

Fair stained (min.) 

Good stained 

First quality 

Second quality 

Class C-1 BB 

Class C-1 CC 

Stained 

Third quality 

: 



" As determined by the Standard Methods for Testing, Grading, and Classifying Natural Mica (A.S.T.M. Designa- 


" Mica film quality is not specified in A.S.T.M. Methods D 351. The qualities given are in commercial uge and the 
equivalent block mica quality is assumed. , , . , 

The visual quality equivalents are valid only when the Q value of the mica is E-1 when determined in accordance with 
A.S.T.M. Specifications D 748. Experience has shown that the Q value range of ruby and white types of block mica, re- 
gardless of source, IS 80 to 95 per cent E-1, whereas, the Q value range of light green, dark green, greenish brown, ^and 
rum-colored block mica is 45 to 90 per cent E-i. It is important to bear in mind that it is permissible for all qualities 
of mica prescribed in A.S.T.M. Specifications D 748, to contain spots and stains, providing the mica meets all electrical 
and physical requirements, whereas, no spots or stains (other than air stains) are permitted in the above visual quality 
groups per A.S.T.M. Methods D 351, 


TENTATIVE METHODS 'OF TESTING AND, TOLERANCES' 

FOR 

, JUTE ROVE AND PLIED YARN FOR ELECTRICAL 

AND PACKING PURPOSES^ 



A.SXM. Designation: D 681 ~ 42 T 
Issued, 1942.^ 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 5, Pa. 


Scope 

1. These methods of testing and 
tolerances apply to plied jute yarn and 
to single and plied jute rove, both 
treated and untreated, for electrical and 
packing purposes. 

Definitions 

2. (a) Standard Condition. — Standard 
condition of jute yam or rove shall be 
that reached by the yarn or rove in skein 
form when in moisture equilibrium with 
a standard atmosphere having a relative 
humidity of 65 per cent at 70 F. (21 C.). 
A tolerance of plus or minus 2 per cent is 
permitted in relative humidity and plus 
or minus 2 F. (1.1 C.) in temperature, 

(if) Moisture Equilibrium. — It shall 
be considered that moisture equilibrium 
is reached when, after free exposure to 
air in motion, two successive weighings 
not less than 4 hr. apart show not more 
than 0.1 per cent progressive increase in 
weight. Moisture equilibrium shall be 


approached from the dry . side (not 
moisture-free). 

(r) Direction of Twist. — The direction 
of twist shall be as defined in the Stand- 
ard Definitions of Terms Relating to 
Textile Materials (A.S.T.M. Designa- 
tion: D 123) of the American Society 
for Testing Materials, as follows: 

Twist, Direction of. — A yarn has S 
twist if, when held in a vertical position, 
the spirals conform in direction of slope 
to the central portion of the letter 
and Z twist if the spirals conform in di- 
rection of slope to the central portion of 
the letter 


f Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee I) -13 on Textile Materials. 

® Accepted by the Society at annual meeting, June, 



1C 

S Twist 


(d) Yarn or Rove Number.— 
number of a single jute yarn or jute rove 
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shall be the weight in pounds of 14,400 
yd. (one spyndle) of yarn or rove. 

(e) Tolerances —Tohmncts are the 
limits within which the: specified char- 
acteristics of the yarn or rove must 
come to constitute good delivery on 
contract. 

Tolerances 
Breaking Strength 

3. The average breaking strength of 
the yarn or rove shall be not less than 
the specified breaking strength. 

Yarn or Rove Number 

4. The average yarn or rove number 
shall be as specified within the following 
permissible variations: 


Untreated yam or rove. ± 5 per cent 

Treated yam or rove, including 
impregnant ±10 per cent 


Twist 

5. (a) Direction . — The direction of 
twist shall be S or Z, as specified. 

{h) Turns.— Th-Q average turns per 
inch of yarn or rove shall be as specified, 
within the following permissible 
variations : 


Single rove ±10 per cent 

Ply twist in yam or rove ±10 per cent 


Ethylene Dichloride Extractable Matter 

6. {a) The average percentage ex- 
tractable matter in the untreated yarn 
or rove shall not vary from the specified 
content by more than plus or minus 
2 per cent of the conditioned weight of 
the sample. 

{h) The average percentage extract- 
able matter in yarn or rove treated with 
pitch, asphalt, tar, or similar material, 
shall not vary from the specified content 
by more than plus or minus 20 per cent. 
For other treatments the tolerances on 
extractable matter shall be as specified. 


Precision 

7. The tolerances for yarn number, 
twist, and extractable matter are in- 
tended to represent the maximum devia- 
tion from the true average of the lot 
to be expected in sampling, using the 
number of tests specified, and assuming a 
probability of 9 chances in 10, as 
indicated by information available at 
the present time. 

Note. — ^Additional information will be col- 
lected by the committee, and should other 
tolerances be indicated, changes wEl be made 
accordingly. 

Methods of Testing 
Test Conditions 

8. The yarn or rove shall be brought 
to standard condition in accordance 
with Section 2 (a) and {h) prior to 
testing, and all tests for yarn number, 
twist, and breakmg strength, also the 
weighing of samples for determination 
of extractable matter shall be made 
under standard atmospheric conditions. 

Sampling 

9. From each shipment made in one 
lot, ranging from ten bales to 40,000 
lb., one unit for testing shall be taken 
at random from each of ten bales. 
From shipments of less than ten bales, 
ten units shall be taken, with at least 
one unit from each bale. 

Note. — A unit is the package as used by the 
consumer, such as a ball, tube, reel, cone, skein, 
etc. A test specimen is the portion of a unit 
upon which the test is actually performed. 

Test Specimens 

10. {a) Yarn or Rove 500 fl. per lb. 
and Over.— A test specimen consisting 
of one 30-yd. skein shall be prepared 
from each test unit using any reel 
having an accurately measured perim- 
eter not less than 1| yd. and which 
distributes the strands so that there is 
no overlapping. 
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(b) Fam or Rove Under 500 ft. 
per ih—K test specimen consisting of 
two accurately measured lengths each 
about 14.4 yd. in length shall be taken 
from each test unit, by measuring along 
a flat surface. 

(c) Care shall be exercised to prevent 
stretching or loss of twist of the material. 

Breaking Strength' 

11. {a) Preparation . — ^All tests for 
breaking strength shall be made on 
single strands. In making the tests 
care shall be taken to prevent any change 
in twist of the material. When the 
specimens have been prepared in skein 
form (Section 10 (a)), the single strand 
shall be drawn from the skein mounted 
oh a suitable type of collapsible reel. 
When specimens have been prepared by 
flat measurement (Section 10 (J)), special 
care shall be taken to avoid loss of twist. 

{b) Testing Machine. — ^All single 
strands shall be broken on a pendulum 
type of power-driven testing machine 
or other equivalent approved type of 
apparatus, of suitable capacity. Pendu- 
lum type machines should preferably 
be of such capacity that, at the breaking 
point, the pendulum makes an angle 
between 9 and 45 deg. with the vertical. 
The dial or scale shall be divided into 
units not exceeding those given in the 
following table: 

Breaking Load, lb. Divisions, lb. 

Under 25 0.1 

25 to 100, excL 0.5 

100 and over 2.0 

(c) Procedure. — Specimens shall be 
held between druihs, capstans, or ap- 
proved type of clamps. The distance 
between centers or contact points of the 
drums, capstans, or clamps shall be not 
less than 20 nor more than 24 in. The 
pulling speed of pendulum type ma- 
chines shall be 12 db | in. per min. 
All breaks within I in. of the contact 
points shall be discarded. 


(d) Number of At least five 

acceptable breaks (Paragraph (c)) shall 
be made on each .specimen tested. The 
average breaking strength shall be the 
arithmetic mean of the total number of 
tests. 

Yarn or Rove Number 

12. The, weight of each conditioned 
skein or length of yarn or rove shall be 
determined on a balance accurate to 
within 0.25 per cent of the weight of the 
specimen. The weight per spyndle shall 
then be calculated in pounds to the 
nearest 0.1 lb., or in feet per pound to 
the nearest 0.1 ft. The yarn or rove 
number or the feet per pound shall be 
the arithmetic mean of all results. 

Twist 

13. {a) Removal of Impregnant . — The 
impregnant shall be removed before 
determination of twist, using proper 
precautions to prevent changes of twist 
during extraction. 

(&) Direction of Twist . — The direction 
of twist shall be determined in accord- 
ance with Section 2 (c). 

(c) Procedure . — Provided no change 
in twist has occurred, skeins or lengths 
remaining from other tests may be used. 
Otherwise, new test specimens shall be 
prepared, in accordance with Section M 
{a) or {h). The turns per inch of twist 
in the material shall be determined on 
any approved twist tester with clamps 
placed 10 in, apart. The total number 
of turns required to untwist divided by 
10 gives the turns per inch. 

(d) Number of Twist test shall 

be made on at least three test specimens 
taken not less than 3 yd. apart from each 
of five or more skeins or test lengths. 
The twist shall be the arithmetic mean 
of the results of IS or more tests. 

Ethylene DicMoride Extractable Matter 

14. {a) Test Specimens.— Yive 20-g. 
specimens (approximate) shall be taken 
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'from each of five ; of the conditioned 
units representing a shipment and the 
arithmetic average of the , results ob- 
tained on these 25 specimens, calculated 
in accordance with Paragraph (d), shall 
be the percentage oily and fatty sub- 
stances in the shipment. 

(5) Conditioned Weight , — Each con- 
ditioned test specimen shall be weighed 
separately to the nearest 0.025 g. to 
obtain the weight of the conditioned 
test specimen, weight A, 

{c) Frocedure—'Edi.ch, test specimen 
(Paragraph (a)) shall be extracted sepa- 
rately in a Soxhlet apparatus, until the 
liquid in the extraction tube is clear, 
siphoning not less than 20 times with 
ethylene dichloride (boiling point 82.5 
to 84 C., acidity less than 0.001 per 
cent) (Note 1). The extraction ap- 
paratus (Note 2) shall be of sufficient 
capacity to hold the specimen easily. 
The opening in the extraction tube 
shall be protected by a filter free from 
extractable matter, such as a filter 
thimble, a wrapping of filter paper, or a 
thin layer of cotton or glass wool. The 
solvent shall then be evaporated from 
the extract, the residue dried at 100 to 
105 C., and cooled to room temperature 
in a desiccator. The residue shall then 
be weighed to the nearest 1 mg. The 
residue shall be returned to the oven 
and the drying, cooling, and weighing 
shall be repeated until there is no 
progressive change in weight. The res- 
idue consists of oils, fats, waxes, pitch, 
asphalt, tar, and components of the 
natural fiber extractable by the solvent. 
The dry weight of the extract is weight B, 

Note ' 1. — Carbon tetrachloride, c.p., ethyl 
ether, U.S.P., benzol, c.p., or any petroleum 
fraction distilling below 90 C. may be substi- 
tuted for the ethylene dichloride. 

Note 2,-— The type of extraction apparatus 
described in the Standard Methods of Testing 


and Tolerances for Knit Goods (A.S.T.M. 
Designation: D 231) of the American Society for 
Testing Materials® may be used. 

(d) The content of oily 

and fatty substances shall be calculated 
as a percentage of the original condi- 
tioned weight of the specimen by means 
of the following formula: 

B X 100 ' 

where: 

E = percentage of oily and fatty sub- 
stances (conditioned basis), 

A = weight of conditioned specimen 
(Paragraph (5)), and 
B = weight of dry extract (Paragraph 
(<:)). 

Total Loading Content 

15. Total sizing and finishing ma- 
terials may be approximated on fresh 
conditioned specimens by means of the 
procedure outlined in Section S {c) and 
{e) of the Tentative Methods of Quanti- 
tative Analysis of Textiles (A.S.T.M. 
Designation: D 629) of the American 
Society for Testing Materials.^ This 
method is not accurate for impregnants 
containing latex, some resins, and certain 
plastics, and it does not correct for the 
normal soluble material of natural fiber. 

Retests 

16. Whenever the results of tests indi- 
cate average values vaiying from the 
specified values by amounts in excess of 
permissible variations, check tests shall 
be made in accordance with these 
methods. 


* 1946 Book of A.S.T.M. StandardSj, Part III-A. 



Tentative Method of Test for 

COMPATABILITY OF GLASS YARN WITH INSULATING 

VARNISH^ 



A.S.T.M. Designation: D 886 - 46 T 
Issued, 1946.^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


1. {a) This method of test applies to 
the quantitative evaluation of the com~ 
patability of glass yarns with insulating 
varnish, that is, how well the varnish 
wets the yarn, and to the indication of 
the effect of sizing on the impregnation of 
the yarn by the varnish. 

{b) The method involves the following 
general operations : winding multiple 
layers of glass yarn on a copper wire, 
immersing the covered wire in varnish, 
and determining the amount of varnish 
retained by each successive layer of yarn 
by removing and weighing each layer of 
yarn separately. 

Test ' Specimens 

2. Ten test specimens shall be pre- 
pared in accordance with Paragraphs 

(a) to (c). 

(a) Wrap eight layers of No. 450|, 12 
ends, glass yarn on copper wire having a 
diameter of 0.162 in. by winding each 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TiM. 
Committee D-13 on Textile Materials. 

2 Accepted by the Society at annual meeting, June, 
1946. 


successive layer in the reverse direction 
using moderate tension, and with ap- 
proximatel}^ 11 turns per inch, taking 
care to avoid skips or piling of the yarn. 

Note, — A properly wrapped wire should show 
an increase of 0,038 ±0.005 in. over the diameter 
of the bare wire when measured, preferably by 
microprojection, or by a microscope equipped 
with a micrometer eyepiece. 

(b) Using shellac cut with alcohoi, 
apply a band, approximately 0.5 in. in 
width at 10-in. intervals along the length 
of the insulated wire (Paragraph (d^)). 
Allow the shellac to dry and then cut the 
wire into ten 10-in. lengths through the 
center of the band of shellac w^hich will 
prevent raveling of the yarn. 

(c) The test specimen (Paragraph (b)) 
shall be dried for 4 hr. at 105 to 110 C., 
placed in a desiccator and allowed to cool 
to room temperature, and then treated in 
accordance with Section 4. 

, Standard ' Varnish 

3. (a) The standard varnish'^ contain- 

* The finished varnish can be obtained from the Irving- 
ton Varnish and Insulator Co., Irvington, N. J. by using 
the order number RL 5829. The body viscosity of 10 cm. 
is measured by a fluid meter of their design. 
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ing the following ingredients shall be 
prepared as described in Paragraph (b): 


Ingredients 

Deliydrated castor oil, GH 7 lb., 13 oz. 

Pental>TiG........ 31b., 15 oz. 

Dehydrated castor oil, GH 7 lb., 13 oz. 

Mineral spirits 3 gal. 

Manganese nuolate, 4 per cent. . 33 g. 


Lead nnolate, 16 per cent. ...... 87 g. 

(&) Mix the dehydrated castor oil 
GH and Pentalyn G and heat, to 550 F., 
then add the dehydrated castor oil and 
heat at 580 to 590 F., until a heavy body 
(iO-cm. viscosity) develops. Cool to 325 
F., thin, and add the driers. This 
varnish shall contain 50 per cent solids 
by weight, and shall have a viscosity of 
150 centipoises at 75 F. 

Procedure 

4. (a) Varnish Impregnation . — The 
test specimens shall be immersed in the 
standard varnish for 30 min. by standing 
them vertically in a 250-ml. glass 
graduate so that they are completely 
covered with varnish. The specimens 
shall then be removed from the varnish, 
allowed to drain in a vertical position 
for 30 min., and then inverted and baked 
in an oven at 290 F. for 20 min. (Note). 

Note. — This treatment will remove the ex- 
cess varnish solvent without baking the speci- 
mens too hard. 

(6) A 4-in. section shall be cut from 
the center of each of the baked specimens 
and each layer of yarn from each spec- 
imen shall be unwrapped and weighed to 
the nearest 1 mg,, weight A. Each 
unwrapped layer of yarn shall be placed 
in a ventilated oven and heated for 1 hr. 
at a temperature of 500 db 20 C,, cooled 
in a desiccator to room temperature, and 
then weighed to the nearest 1 mg., weight 
B. 

Sizing 

5. The sizing on the unvarnished glass 
yam shall be determined in its ^^as 
received'^ condition in accordance with 


'the following procedure: Five test speci- 
mens, each weighing not less than S g., 
shall be dried for 4 hr. at 105 to 110 C., 
allowed to cool to room temperature in a 
desiccator, and then weighed to the 
nearest 1 mg. weight C. The specimens 
shall then be placed in a ventilated oven 
and heated for 1 hr. at a temperature of 
500 dc 20 C., cooled in a desiccator to 
room temperature, and then weighed to 
the nearest 1 mg., weight D. 


Calculations 

6, The percentages of sizing, coating 
(varnish and sizing), and of varnish with- 
out sizing shall be calculated as follows: 


■ I' 

w’here: 


I == 

S = 
V = 



X 100 

X 100 


I = percentage of coating (varnish and 
sizing), 

S = percentage of original sizing, 

V = percentage of varnish, 

A == weight of layer of yarn after baking 
(Section 4(6)), 

B = weight of layer of yarn after igni- 
tion (Section 4(6)), 

C = weight of received” yarn speci- 
men before ignition (Section 
5), and 

D = weight of the “as received” yarn 
specimen after ignition -(Section 

5 )- 

Report 

7, The following shall be reported for 
each layer of varnished glass yarn: 

(1) Weight of coated specimen be- 
fore and after ignition, 

(2) Weight of coating, 

(3) Percentage of coating, 

(4) Percentage of sizing, and 

(5) Percentage of varnish. 


Tentative Methods of 


TESTING VARNISHED GLASS FABRICS AND VARNISHED 
GLASS FABRIC TAPES USED IN ELECTRICAL 
INSULATION! 



A.S.T.M- Designation: D 902 -46 T 

{Formerly Part of Methods D 295) 

ISSTTED, 1946.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods cover procedures for 
the testing of varnished glass fabrics and 
varnished glass fabric tapes (Note) to 
be used as electrical insulation. 

Note.— Methods of testing varnished cloths 
and tapes are given in the Tentative Methods of 
Testing Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation (A.S.T.M 
Besignation: D 295).3 

Sampling 

Selecting Rolls 

2. (a) Shipments of varnished glass 
fabric and varnished glass fabric tapes 
shall be sampled as specified in Para- 
graphs (5) and (c). The rolls or pads 
shall be selected in such a manner as to 
be representative of the shipment. 

1 Under the standardization procedure of the Society, 
these methods are under the Jurisdiction of the A.S.T.M. 
Committee D~9 on Electrical Insulating Materials. 

2 Accepted by the Administrative Committee on 
Standards, December 31, 1946. 

These methods were formerly included in the Tentative 
Metliods of Testing Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation (D 295 - 44 T), but 
were withdrawn from Methods D 295 in 1946, revised, and 
issued under the present designation. 

8 Appears in this publication, see Contents in Numeric 
Seauence of A.S.TJVI. Designations at front of book. 


(J) Fabric . — One roll shall be selected 
from each ten rolls or fraction thereof 
in a shipment of full-width fabric. 

{c) Tape . — ^Rolls of tape shall be 
selected from each shipment in accord- 
ance with the following schedule: 


Number of Rolls Minimum Number 

in Shipment of Sample Rolls 

Over 10 000 .... 1 per thousand 

5 001 to 10 000 10 

2 001 to 5 000 5 

501 to 2 000 2 

200 to 500 1 

Less than 200. optional 

Selecting Samples 

3. {a) Except for tape shipped packed 
in oil, not less than two turns of fabric 
or six turns of tape from each roil or pad 
selected for sampling shall be cut off and 
discarded before the samples are selected. 
The number of samples required for 
purpose of tests shall then be cut across 
the entire width of each roll or pad. The 
length of the samples shall be not less 
than 36 in. (91 cm.). 

(J) From shipments such as sheets of 
fabric or strips of tape, the samples 
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shaE be representative of the shipment 
and shall be .taken in accordance with 
Paragraph (a). 

Conditioning 

Conditioning 

4. (a) If it is desired to test the 
material in the condition as received by 
the purchaser, the test samples shall not 
be speciaEy conditioned, but the 
packages containing the roUs of fabric 
or tape from which the samples are to be 
taken shaU be allowed to reach approxi- 
mately test room temperature before 
the packages are opened and the samples 
cut. Specimens to be tested shall be 
removed from the roll as required and 
tested immediately, unless otherwise 
specified. 

(J) Where it is desired to test in a 
controlled atmosphere, the test speci- 
mens shall be conditioned for 48 hr. in 
air maintained at a temperature between 
68 and 86 F. (20 and 30 C.) and at a 
relative humidity of 50 zb 2 per cent. 

(c) If a conditioning cabinet or 
chamber is used, test specimens shall be 
subjected to test immediately upon 
withdrawal from the cabinet or chamber, 
unless otherwise specified. 

Thickness 
Test Specimens 

5. Test specimens shall consist of 
samples selected in accordance with 
Sections. 

Procedure 

6. The thickness (Note) shall be 
measured in accordance with Method B 
of the Standard Methods of Test for 
Thickness of Solid Electrical Insulation 
(A.S.T.M. Designation: D 374),^ modi- 
fied as follows f 

(i) In making thickness measure- 
ments, only one layer of material 
shaE be used. 


(^) In the case of fabrics, ten 
measurements equally spaced across 
the width of the specimen shall be 
taken and the thickness of the fabric 
shall be the average of the ten 
measurements. 

(3) In the case of tapes, unless 
otherwise specified, ten measurements 
equaUy spaced along the length of 
each specimen shall be taken and the 
thickness of the tape shall be the 
average of the ten measurements. 

Note. — ^The average thickness, as obtained 
for the as-received condition dielectric strength 
test (Section 13), may be conveniently used in- 
stead of the separate test described in Section 6. 

Report 

7. The report shall include the aver- 
age, maximum, and minimum thick- 
nesses in inches. 

Breaking Strength 

Apparatus 

8. {a) A testing machine^ of the 
dead-w^eight pendulum type shall be 
used. The machine preferably shall 
be power driven. 

(b) The capacity of the machine shall 
not exceed 500 lb. (227 kg.). 

(c) The machine shall be graduated to 
read 1 lb. or 1 kg. or less per scale 
division for testing specimens breaking 
at 50 lb. (22.7 kg.) or over, and to 0.5 lb. 
or 0.5 kg. or less for testing specimens 
breaking under 50 lb. (22.7 kg.) 

Test Specimens 

9. (a) Specimens cut from the full 
width fabric samples or from sample 
rolls of tapes over 1 in. (2.54 cm.) in 
width shall be 1 in. (2.54 cm.) in width 
(Note) and shall have lengths not less 
than 2 in. (5.08 cm.) in excess of the 
jaw clearance of the testing machine. 

^ This apparatus is similar to the ap{)aratus used for 
the testing of paper, which is described in Section 10 of 
the Tentative Methods of Sampling and Testing Untreated 
Paper Used in Electrical Insulation (A. S.T.M. Designa- 
tion: D 202), see p. 685. 
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For tape havmg a nominal width ■of, 
1 in. (2*54 cm.) or under, the specimens 
shall be of the original width (Note) 
and shall have lengths not less than 2 in. 
(5.08 cm.) in excess of the jaw clearance 
of the testing machine. 

Note.— I n the case of specimens 1 in. (2.54 
cm.) in width and having ultimate breaking 
loads above the capacity of the machine, it is 
permissible to reduce the width of the specimen 
to 0.5 in. (1.27 cm.). 

(&) In the case of fabrics, five speci- 
mens shall be cut with the sides parallel 
to the warp threads and five with the 
sides parallel to the filling threads from 
samples selected in accordance with 
Section 3. 

(c) In the case of tapes, five specimens 
shall be cut from each roll selected in 
accordance with Section 2 (c). 

Procedure 

10, (a) The ratio of the clearance 
distance between jaws to the width 
of the specimen shall be not less than 
5 to 1 nor more than 10 to 1. 

(b) The rate of travel of the movable 
jaw shall be constant and preferably 
12 in. (30,5 cm.) per min., but it may 
be within the limits of 11 and 13 in. 
(28 and 33 cm.) per min., provided it is 
constant. 

(c) All readings obtained when the 
specimen breaks at or in the jaws shall 
be rejected. 

Report 

11. (a) The breaking strength of a 
roll of fabric or tape shall be the average 
of the breaking strengths of all the 
specimens tested from the roll. The 
report shall include the average, maxi- 
mum, and minimum breaking strengths 
expressed in pounds per inch width or 
kilograms per centimeter width, together 
with the width and the nominal 
thickness. 


(b) 111 the case of fabrics, the breaking 
strength of the warp threads and the 
filling threads shall be reported 
separately. 

Dielectric Strength' 

Short-Time and Step-by-Siep Tests 

Purpose 

12. The purpose of this test is to 
determine the dielectric strength of 
varnished glass fabrics and varnished 
glass fabric tapes, when subjected to a 
short-time or step-by-step test. 

Dielectric Strength 

13. (a) The dielectric strength shall 
be determined in accordance with the 
Standard Methods of Test for Dielectric 
Strength of Electrical Insulating 
Materials at Commercial Power Fre- 
quencies (A.S.T.M. Designation: D 
149),^ except as specified in the following 
Sections 14 to 19. 

(5) Dielectric strength tests may be 
applied to specimens of the material in 
the as-received condition, to specimens 
from tests for resistance to oil, or to 
specimens that have been given humidity 
conditioning. 

Note. — Work is now under way to develop 
a suitable test method for conducting dielectric 
strength tests at elevated temperatures (175 C.) . 

Apparatus 

14. For the testing of narrow speci- 
mens, as prescribed in Section 15, it is 
necessary to use a special form of 
testing device having electrodes f in. 
(0.64 cm.), whereby the test specimen 
shall be clamped under pressure in 
order to prevent flashover around the 
edges of the material. Two forms of 
these testers are described in the Ap- 
pendix to the Tentative Methods of 
Testing Varnished Cloths and Varnished 
Cloth Tapes Used in Electrical Insula- 
tion (A.S.T.M. Designation: D 295).^ 
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Test SpecimeBs, : 

.15, (a) In the ease of fabrics, the 
specimens shall be cut across the full 
width of each sample selected in accord- 
ance with Section' 3 and , cut in the 
form of a piece of tape at least 1 in. 
(2.54, cm.) in width. 

(b) In the case of tapes, the specimens 
shall be cut from samples selected in 
accordance with Section 3. 

Surrounding Medium 

16. Tests shall be made in air unless 
flashover is encountered, in which case 
the material may be tested under oil. 

Conditioning 

17. Specimens shall be conditioned 
in accordance with Section 4. 

Procedure 

18. (a) Tests shall be made by the 
short-time test method, except that 
those tests to be conducted on specimens 
tested in the as-received condition shall 
be made by either the short-time test or 
the step-by-step test, or b}^ both 
methods. 

(b) In the short-time test, voltage 
shall be increased at the rate of 0.5 kv. 
per sec. 

(c) In tests made by the step-by-step 
test, each step shall be of 20-sec. dura- 
tion. Voltage shall be increased by 
the following increments: 

Nominal Thickness 


of Tape 

8 mils or less. 250 v. 

Over 8 mils. , , 500 v. 


The Starting voltage shall be adjusted 
to the nearest even 250 or 500 v., 
■depending on the. increment of increase. 
The starting voltage should preferably 
be based upon the breakdown voltage 
in the short-time test, as provided in 
A.S.T.M. Methods D 149., Where this 
may not be feasible or convenient, a 
starting voltage may be selected as the 
result of test experience, of such a 


value that at least three testing steps: 
are obtained prior to breakdown. 

Report 

19. The report shall include the 
following: 

(I) The test method used for 
determining the dielectric strength, 

(3) " The average,, maximum, ., and, 
minimum dielectric strength in volts 
per mil, 

(J) The number of shots for each 
test method, 

(4) The temperature at which the 
test was made, 

(5) The conditioning treatment, and 

(6) The value of the initially applied 
voltage in the step-by-step test. 

Power Factor AND 
Dielectric Constant 

Purpose 

20. The purpose of this test is to 
determine the power factor and di- 
electric constant of varnished glass 
fabrics and varnished glass fabric tapes 
at frequencies not exceeding 70 cycles 
per second. 

Definitions and Theory of Test 

21. The definitions of dielectric power 
factor, dielectric constant, and related 
terms, and the theory of test shall be as 
given in the Tentative Methods of Test 
for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (A. S. 
T.M. Designation: D 150).^ 

Electrodes 

22. Flat, rigid, guarded electrodes, 
not over 10 sq. in. in area, of such size 
as to give the bridge sufficient sensitivity 
to detect readily a change in power 
factor of 0.0005, shall be used. The 
specimen shall extend beyond the guard 
electrode for a distance of at least four 
times the thickness of the specimen. 
The pressure shall be not less than 10 
nor more than 20 psi. 
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CoEdltiomag 

23. The test specimens shall be con- 
ditioned by one of the following two 
methods; 

(a) Where tests in the as-received 
condition are desiredj or where an 
approximation to some conditions of use 
is desired, the test specimens shall be 
conditioned in accordance with Section 4. 

(&) When greater reproducibility of 
results is desired, the test specimens in 
one thickness shall be heated to 105 ± 
3 C. for 1 hr. without vacuum and then 
for 2 hr. at 105 ± 3 C. in a vacuum 
having an absolute pressure not exceed- 
ing 1 mm. of mercury. 

Procedure 

24. (a) Tests shall be made at a 
temperature of 25 db 3C. and at 125 d= 
1C. for oleoresinous coatings, while for 
silicone varnished glass fabrics the test 
temperatures shall be 25 zh 3C. and 
175 zb 1C. The conditioned specimens 
shall be tested in single thicknesses 
within 5 min. after removal from the roll 
or vacuum container. The voltage 
gradient shall be SO v. per mil. The 
method of measurement shall conform 
to that described in A.S.T.M. Methods 
D150. 

(b) Three specimens shall be tested 
in single thicknesses. 

Report 

25. The report shall include the 
following: 

(i) Test Conditions. — The fre- 
quency in cycles per second, tempera- 
ture in degrees Centigrade, relative 
humidity in per cent, the conditioning 
of the specimen, size of electrodes, 
pressure on electrodes, and voltage 
gradient in the dielectric while under 
test. 

(3) Test Specimen . — Capacitance of 
specimen in micro-microfarads, effec- 
tive area of specimen electrodes, and 


average thickness of specimen between 
electrodes. 

(3) Power factor, dielectric con- 
stant, and loss factor of each specimen, 
and the average. 

(4) Method of measurement. 

Resistance TO Oil 

Purpose 

26. The purpose of this test is to 
determine the effect of oil on the varnish 
film and dielectric strength of varnished 
glass fabrics and varnished glass fabric 
tapes. 

Test Specimens 

27. One specimen 12 in. (30.5 cm.) 
in length and not exceeding 1.5 in. 
(3.8 cm.) in width shall be cut from each 
sample selected in accordance with 
Section 3. 

Procedure 

28. (a) In the case of oleoresinous 
coatings the varnished glass specimens 
shall be immersed for 15 min. in an 
insulating oil maintained at a tempera- 
ture of 100 zb 3 C. (Note). The oil 
used in this test shall be an insulating 
oil unless otherwise specified, having a 
flash point of not less than 135 C. 
(275 F.) as determined by the Cleveland 
Open Cup in accordance with the Stand- 
ard Method of Test for Flash and Fire 
Points by Means of Open Cup (A.S.T.M. 
Designation: D 92).^ In the case of 
silicone varnished fabrics a lubricating 
oil shall be used. 

Note. — Work is now under way to deter- 
mine the immersion time and temperature as 
well as the type of lubricating oil for this 
test. 

{h) At the end of the period of immer- 
sion the specimens shall be removed from 
the oil, allowed to cool for at least 30 
min. to room temperature, and any excess 
oil removed by placing the specimens 
between blotters without any sliding. 

81946 Book of A.S.T,M. Staiadards, Part III-A. 
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ExamiBation 

: 29. The varnish film shall be examined 
for disintegration in the oil and flaking 
either in the oil or on the blotter. 
Disintegration in the oil may be detected 
by examination of the used oil for 
turbidity. 

Note.— The oil may be considered turbid if 
a sample of used oil filtered through filter paper 
is distinctly less transparent than an unfiltered 
sample of the unused oil when the two samples, 
in identical containers, are held in front of a 
diffused fight. Flaking along the cut edges of 
tapes shall not be considered as disintegration 
of the varnish film. 

Dielectric Strength 

30, Specimens which have been 
allowed to cool at least 30 min. may be 
tested for dielectric strength any time 
within a period of 4 hr. after removal 
from the oil. Five puncturing voltages 
shall be taken on the specimens in 
accordance with Section 13, using only 
the short-time test described in A.S.T.M. 
Methods D 149. The dielectric strength 
shall be calculated on the basis of the 
average thickness of the specimen deter- 
mined immediately before the dielectric 
breakdown test. 

Report 

31. The report shall include the 
following: 

(1) The type, of oil used (preferably 
including the flash point determined 
in accordance with the Standard 
Method of Test for Flash and Fire 
Points by Means of Open Cup (A.S, 
T.M, Designation: D 92)),® 

(2) The temperature of the oil, 

(3) Results of the physical ex- 
amination of the film (Section 29), 


(4) The percentage increase ' in; 

average thickness due to oil test, and 

(5) The average, maximum, and 

minimum dielectric strength in volts 

per mil after the oil tests. 

Weight 

Procedure 

32. Specimens of sufficient size to 
weigh not less than 5 g. (0.18 oz.) shall 
be accurately weighed on an analytical 
balance and the weight shall be reported 
on some commercial unit basis such as 
the weight per square yard, the weight 
per gross yard per 1 in. in width, or the 
weight per roll. 

Threads per Inch 

Procedure 

33. The count or threads per inch 
shall be determined separately on the 
warp and filling by counting in a space 
of not less than 1 in. in at least five 
different places in the sample strip 
(or strips). The average of the five 
determinations shall be the count. 

Report 

34. The results of the warp count and 
the filling count shall be reported 
separately as threads per inch. 

Note 1. — The warp threads in fabrics are the 
threads that are parallel with the length dimen- 
sion. 

Note 2. — Before counting black varnished 
materials it will be necessary to remove the var- 
nish film with a knife blade or other suitable in- 
strument. As an alternate method, liquid var- 
nish removers may be used for this purpose, 
provided specimens are dried before the thread 
count is taken. 

Heat Resistance 

Note. — A test method for determining heat 
resistance is now under consideration. 
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AT SUBNORMAL AND SUPERNORMAL TEMPERATURES OF 
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A.S.T.M. Besignatioii: D 760 - 44T 

Issued, 1944.* 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover chambers 
suitable for total enclosure of small 
testing machines, such as are required 
in A.S.T.M. methods of testing electrical 
insulating materials and plastics. They 
are designed for use when tests are to be 
made below or above normal tempera- 
tures, specifically within the range from 
--70to+170F. 

Note 1. — Enclosures of the type covered by 
these specifications are suitable for use in con- 
nection with the Tentative Methods of Test for 
Impact Resistance of Plastics and Electrical 
Insulating Materials (A.S.T.M. Designation: 
D 256),® Tentative Methods of Testing Molded 
Materials Used for Electrical Insulation (A.S. 
T.M. Designation: D 48),® Tentative Methods of 
Test for Deformation of Plastics Under Load 
(A.S.T,M. Designation: D 621),® and Tenta- 
tive Method of Test for Impact Resistance of 
Plastics at Subnormal and Supernormal Temper- 
atures (A.S.T.M. Designation: D 758)*® 

Note 2. — These enclosures for small testing 
machines are not preferred to a room of the 
walk-in type, but have been found satisfactory 
for high-temperature and low-temperature tests 
of electrical insulating materials and plastics 


i Under the standardization procedure of the Society, 
these specifications are under the joint jurisdiction of 
A.S.T.M. Committee D-9 on Electrical Insulating Ma- 
terials and Committee D-20 on Plastics. 

« Accepted by Committee E-10 on Standards, February 
8,1944. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


where the expense, mechanical problems, and 
other known disadvantages of a complete room 
are not justified. 

Requirements 

2. The enclosures shall be of double- 
walled or equivalent construction with a 
dead air space or suitable insulation be- 
tween the walls. They shall be in the 
form of a box having inside dimensions 
14 in. in width by 48 in. in length by 38 
in. in height. They either shall be open 
on the bottom for convenient placing 
over bench-mounted testing machines or 
have one side removable to admit the 
testing machine. Each enclosure shall 
be provided with a double-walled sliding 
door 10 by 12 in. fitted with a window 
through which the scale of the testing 
machine may be read. A suitable hole 
for connecting ducts shall be located at 
the center of one end of the box, 14 in. 
from the bottom. 

Materials, of Construction 

3. The enclosures may be constructed 
of transparent or opaque plastic, ply- 
wood, pressM wood or pressed pulp, or 
pressed asbestos board. .If; constructed 
of a material which is moisture-sensitive, 
they should be coated with a suitable 
moistureproof paint, varnish, or lacquer. 



Tentati've Specifications for 

SERVICING UNITS FOR TESTS AT SUBNORMAL AND 
SUPERNORMAL TEMPERATURES OF ELECTRICAL 
INSULATING MATERIALS AND PLASTICS' 



A.S.T.M, Designation: B 761 ~ 44 T 
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These Tentative Specifications have been approved by the sponsoring com- 
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dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916, Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover servicing 
units for maintaining atmospheres in 
suitable enclosures to which they are 
attached, for tests of electrical insulating 
materials and plastics at subnormal and 
supernormal temperatures, at any de- 
sired temperature within the range from 
-70 F. to +170 F, 

Note. — These servicing units and associated 
chambers are not preferred to a room of the 
vvalk-in type, but have been found satisfactory 
for high-temperature and low-temperature tests 
of electrical insulating materials and plastics 
where the expense, mechanical problems, and 
other known disadvantages of a complete room 
are not justified. 

.Requirements , 

2. The individual servicing units shall 
be of a size and shape which will make 
them easily portable, and means shall be 
available for connecting the units to test 
enclosures. They shall conform to the 
detailed requirements specified in Sec- 
tions 3 to 7. 

1 Under the standardization procedure of the Society, 
these specifications are under the joint jurisdiction of 
A.S.T.M. .Committee .D-9 on..'Eiectrical Insulating Ma- 
terials and Committee D«20 on Plastics. 

^Accepted by Committee E 10 on Standards, February 
8,1944. 


Housing 

3. The servicing unit shall be housed 
in a suitable double-wailed insulated box, 
having a layer of insulation composed of a 
minimum of 2 in. of asbestos, glass wool, 
or equivalent, between the two w^alls. 
Both inner and outer w'alls shall be 
coated with a suitable moisture-resistant 
and rust-resistant paint, enamel, or 
lacquer. 

Blower and Duct System 

4. A blower system shall provide a 

minimum of 40 cu. ft. per min. of air. 
It shall be provided with a by-pass 
damper which shall function to main tain 
the temperature at any given point by 
means of a control located within the 
attached enclosure. # 

Heating Capacity 

5. ' Each . servicing unit shall be 
equipped with fin-type electric heaters 
having a minimum rating of 1600 w. 

Refrigeration 

6. Cooling of the unit shall be accom- 
plished either by means of mechanical 
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refrigeration or through the use of dry 
ice. In the latter case, a removable 
basket, capable of holding 50 Ib. of dry 
ice, shall be provided. 

Temperature Control 
7. Each servicing unit shall be pro- 
vided with thermostatic temperature 
control which may be coupled either 
through a switch or a double outlet box, 


to permit operation of the damper in 
the range —70 to +50 F. without the 
heating elements. The bulb for the 
thermostat shall , have a 48-iii. flexible 
extension so that it may be placed at the 
desired point in the enclosure. The 
complete apparatus shall Be sensitive to 
plus or minus 2 F. throughout the entire 
range of —70 to +170 F. 
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TentMtve Specifications for 
PHENOLIC MOLDING COMPOUNDS^ 



A.S.T.M. Designation: D 700 - 45 T 
Issued, 1943; Revised, 1945.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover hot- 
molding thermosetting compounds con- 
sisting of essentially a phenol-formalde- 
hyde resin either alone or intimately 
combined in the uncured or partially 
cured condition with fillers, pigments and 
dyes, as required, to obtain the proper- 
ties desired. 

Note, — The properties included in these 
specifications are those required to identify the 
types of molding materials covered. There 
may be other requirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 

Types 

2. These specifications cover ten types 
of phenolic molding compounds classi- 
fied in accordance with their filler, and 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M, Committee D-20 on Plastics, 

By puhlication of these specifications, the American 
Society for Testing Materials ^ does not undertake to 
insure anyone utilizing the specifications against liability 
for infringement of betters Patent nor assume any such 
liability, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. . ' 

* Revision accepted by Administrative Committee on 
Standards, December, 12, 1945. 


electrical, mechanical, and heat-resisting 
characteristics, as follows : 

Type L — ^An unfilled transparent or 
translucent material suitable for both 
electrical and mechanical applications 
(Note!). 

Type 2 . — General purpose wood- 
flour-filled material suitable for both 
electrical and mechanical applications 
(Note 1). 

Type 3 , — General purpose material 
with a cellulose filler which may be 
wood flour or cotton flock. It is 
somewhat higher in impact strength 
than type 2 and suitable for both 
mechanical and electrical applications 
(Note 1). 

Type 4 . — Moderate impact strength 
material with cotton rag or other 
suitable forms of cellulose filler to 
give the required strength for this 
type (Notes 1 and 2). 

Type 5.— 'Medium impact strength 
material with cotton rag or other 
suitable forms of cellulose filler to 
obtain the required strength for this 
type (Notes 1 and 2), 

Type 6 - — High impact strength ma- 
terial with cotton rag or other suitable 
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lorms of celulosO ' filler to obtain the 
' required , strength ■ ' for this type 

,, (Note 2)v . : 

Type: 7.-— An ' electrical high-fre- 
quency low-loss material with a min- 
eral filler (Note 3). 

Type 8 ,- — A superior electrical high- 
frequency low-loss material with a 
,minerarfiller '(Note 3). 

Type 9 . — General purpose mineral- 
filled material for both electrical and 
mechanical applications (Note 1). 

Type iO.— Heat-resistant mineral- 
filled material (Note 4). 

Note 1.— To secure the optimum electrical 
qualities inherent in these materials, they 
must be dried to remove surplus moisture prior 
to molding. Powder should be spread in shallow 
nonmetallic pans preferably in a rotating oven. 
Preformed material should be supported in such 
a w^ay as to heat evenly. Material for test 
specimens must be dried immediately prior to 
molding and molded while still warm. Warm- 
ing for 30 min, at 185 F, usually suffices, or 
shorter times at higher temperatures may be 
used, although more care may be required to 
prevent precuring the material. 

Note 2. — There will be some sacrifice in 
appearance and raoldability. 

Note 3.— The powder must be dried before 
molding as described in Note 1. 

Note 4.— -The physical properties of this 
type of material may change by about 10 per 
cent when exposed continuously for 7 days" at 
a maximum temperature of 400 F. 

General Requirements 

3, (a) The molding compounds shall 
consist of essentially a phenol-formalde- 
hyde resin of such characteristics and 
combined in the uncured or partially 
cured state in such proportion and in 
such manner with the filler as to flow 
under heat and pressure to fill the mold 
completely and to harden so as to hold 
metal inserts firmly. 

(b) The particle size, pourability, ap- 
parent density, bulk factor, flow (plas- 
ticity), color, and obtainable finish shall 
be as specified by the purchaser in the 
contract or order. 


Note. — M olding powders and compounds 
are usually supplied meeting the following 
values for the various properties: 


Type 

Particle ' 
Size® 

Pour- 

abii- 

ity/® 

max., 

sec. 

Ap- 
parent 
Den- 
sity “ 
min., g 
per cu 
cm.. 

Bulk 
Fac- 
tor, “ 
max. 

100 

per cent 
Passing j 
A.S.T.M. 
Sieve, 

1 

No. 14 

30 

0.50 ^ 

2.5 

2... 

No. 10 

25 

0.50 

3.0 

3..... 

No. 10 


0.40 

3.5 

4 



0.20 

10 

5 



0.08 

18 

6 




.18 

7 

NoVl2 

‘35 

0.65 

3.0 

8 ........ 

No. 12 I 

3S 

0.65 

3.0 

9 




12.5 

10 

No.'l2 

25 

0.70 

2.8 


“Methods for determination of particle size, poui’ 
ability, apparent density, and bulk factor are given in 
the Standard Methods of Testing Molding Powders Used 
in Manufacturing Molded Electrical Insulators (A.S.T.M. 
Designation: D 392) of the American Society for Testing 
Materials.^ 

Detail Requirements 

4. The various types of molding com- 
pounds shall have such properties that 
when molded by compression under 
optimum molding conditions in accord- 
ance with the provisions of the Tentative 
Methods of Testing Molded , Materials 
Used for Electrical Insulation (A.S.TM. 
Designation: D 48) of the American So- 
ciety' for Testing Materials,^ the test 
specimens will conform to the require- 
ments as to physical and electrical 
properties prescribed in Table I. 

Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Methods, of Testing Molding Powders 
Used' in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designation': 

■ D 392) of ' the American , Society ■ ,for 
Testing Materials^, ■ A batch of molding 
compound ,' sha,ll be considered ,, as a unit 
of manufacture., a,s„'p.repared,, for,' shipment,' 
and may ' consist , of 'a blend of two, or 
more ‘^production ^uns^^of,:ma,teriaL " ■ 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Methods of Testiiig 
6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of, the Ameriain Society for Testing 
■Materials: 

, ' (d) Cmditiming Test Specimens , — ' 
For those tests where conditioning is 
required, the molded test specimens of 
phenol-formaldehyde resin shall be con- 
ditioned in accordance with Functional 
Procedure A of the Tentative Methods 
of Conditioning Plastics and Electrical 
Insulating Materials for Testing (A.S. 
T.M. Designation: D 618) of the Ameri- 
can Society for Testing Materials.® 


Gravity of Plastics (A.S.T.M, Designa- 
tion: D 792)/ 

{e) Flexural Stfenglh,--Tmiztivt 
Methods D 48® and Tentative Method 
of Flexural Test of Plastics (A.S.T.M. 
Designation: D 790).® 

(/■) Impact Strength (l5;£?d).-— Tentative 
Methods D 48® and Method A of the 
Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical 
Insulating Materials (A.S.T.M. Desig- 
nation: D 256).® 

(g) Tensile Strength , — ^Tentative 
Methods D 48® and Tentative Method 
of Test for Tensile Strength of Molded 


TABLE I.~-DETAIL REQUIREMENTS FOR MOLDED TEST SPECIMENS. 


Water absorption, max. weight gain, 

per cent 

Specific gravity, 25/25 C, <77/77 F.), max, 

Flexural strength, rain., psi 

Impact strength (Izod), min., ft4b. per 

in. of notch. 

Tensile strength (H-in. specimen), min., 


Compressive strength, min., psi.. ....... 

Mold shrinkage, in. per in. .! ! ! 

Insulation resistance, min., megohms.. . 
Dielectric strength, I Short-time test . . . 
min., V. per mil. \Step-by-step test.. 

Dielectric constant, 160 cycles 

max.. .11,000,000 cycles ... 

Power factor, ™ax.. -;.j- ■ ' ; 


Loss factor, max (i[ooo, 000 ‘cycles 


Type 1 

Type 2 

Type 3 

Type 4 

Type S 

Type 6 

Type 7 

Type 8 

Type 9 

Type 

10 

0.20 

0.80 

0.80 

1.50 

1.75 

1.75 

0.10 

0.07 

0.20 

0.20 

1.30 

1.45 

1.45 

1.45 

1.45 

1.45 

2.00 

2.00 

1.95 

2.00 

12 000 

9 000 

9 000 

9 000 

9 000 

9 000 

8 000 

8 000 

9000 

7 500 

0.30 

0.24 

0,34 

0.80 

1.75 

4.00 

0.30 

0.30 

0.64 

0.25 

7 000 

6 500 

6 500 

5 500 

6 000 

6 000 

4 500 

4 500 

4 500 

4 500 

22 000 

22 000 

22 000 

18 000 

15 000 

15 000 

IS 000 

15 000 

15 000 

o!6io 

0.006 

0.005 

0,002 

0.002 

0.003 

0.001 

0.001 

0.001 

0.002 

0.014 

0.008 

0.008 

0.007 

0.006 

0.006 

0.004 

0.004 

0.005 

0.006 

100 

! 100 

100 

100 

100 

100 

300 

300 

300 

300 

300 

i 275 

240 

200 

200 

200 

350 

350 

150 

250 

225 

200 

75 

75 

SO 

300 

6.0 

300 

6.0 

75 

200 







5.0 

5.0 









0.030 

0.025 









0.015 

0.009 









0.180 

0.150 









0.075 

0.045 




(J) Test Conditions , — Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 ± 1C. (77 zh 2 F.) 
and 50 d= 2 per cent relative humidity, 
unless otherwise specified in the testing 
methods or in these specifications. 

{c) Water Absorption , — Tentative 
Methods of Testing Molded Materials 
Used for Electrical Insulation (A.S.T.M. 
Designation: D 48)® and Standard 
Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: D 
570),® using the 24-hr. immersion. 

{d) Method A of the 

Tentative Methods of Test for Specific 


Electrical Insulating Materials (A.S. 


T.M. Designation: D 651),® using the 
|-in. test specimen. 

{h) Compressive Strength , — Tentative 
Methods D 48® and Tentative Method 
of Test for Compressive Strength 
of Plastics (A.S.T.M. Designation: 
D69S).® 

{i) Shrinkage , — Standard Method of 
Measuring Shrinkage from Mold Di- 
mensions of Molded Materials Used for 
Electrical Insulation (A.S.T.M, Des- 
ignation: D 551).® 

(/) Insulation Standard 

Methods of Test for Insulation Resis- 
tance of Electrical Insulating Materials 
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(A.S.T.M.. Designation: D 257),® using 
tlie test specimen and electrodes shown 
in Fig.. 2. . , 

(k) Dielectric Strength— TmtaXivt 
Methods D 48® and Standard Methods 
of Test for Dielectric Strength of Elec- 
trical Insulating Materials at Commer- 
'dal Power Frequencies (A.S.T.M. Des- 
ignation: D 149),® except that the 
test specimens for both short-time and 
step-by-step tests shall be conditioned 
for 48 hr. at 25 ± 1 C. (77 db 2 F.) 
and SO ± 2 per cent relative humidity, 
and tested under these same conditions. 

{ly Dielectric Constant^ Power Factor, 
and Loss Factor Methods 
D 48® and Tentative Methods of Test 
for Power Factor and Dielectric Con- 
stant of Electrical Insulating Materials 
(A.S.T.M. Designation: D 150),® ex- 
cept that the test specimens shall be 
conditioned for 48 hr. at 50 =h 0.5 C. 
(122 db 1 F.), then cooled in a desiccator 
over anhydrous calcium chloride to the 
temperature of the room in which the 
test will be made. Application of elec- 
trodes and completion of measurements 
shall then be made within a maximum 
period of 15 min. after removal from 
the desiccator. 

Number of Tests 

7. One set of test specimens as pre- 
saibed in the methods of testing (Sec- 
tion 6) shall be considered sufficient 
for testing each batch. The average 
result for the specimens tested shall 
conform to the requirements prescribed 
in these specifications. All of the tests 
listed in Section 6 shall be used to es- 
tablish conformity of a material to these 
specifications. It is recommended that 


routine inspection be limited to : those 
tests required to identify the material to 
the satisfaction of the purchaser. ' The 
purchaser shall state in the contract or 
order the tests which the manufacturer 
will be required to make on each ship- 
ment for identification of the. material 

Retest and' Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option 
of the manufacturer that test shall be 
repeated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding material may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the pur- 
chaser. 

Packing and Marking 

9. (a) Packing . — -The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest 
rate to the point of delivery, unless other- 
wise specified in the contract or order. 

(J) Marking . — vShipping containers 
shall be marked with the name of the 
material, type, and the quantity con- 
tained therein, as defined by the con- 
tract or order under which shipment is 
made, the name of the manufacturer, 
and the number of the contract or order. 
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CELLULOSE NITRATE (PYROXYLIN) PLASTIC SHEETS, 
RODS, AND TUBESi 



A.S.T.M. Designation: B 701 “ 46 T 
Issued, 1943; Revised, 1944, 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover sheets, 
rods, and tubes made of cellulose nitrate 
(pyroxylin) plastics, plasticizers, and 
stabilizers, pigments and dyes, as re- 
quired. 

Note. — The properties included in these 
specifications are those required to identify 
the types and grades of materials covered. 
There may be other requirements necessary 
to identify particular characteristics. These 
will be added to the specifications as their inclu- 
sion becomes generally desirable and the neces- 
sary test data and methods become available. 

Type 

2. These specifications cover sheets, 
rods, and tubes made of the following 
four types of cellulose nitrate plastic : 

Type I , — General purpose, trans- 
parent, 

Type II . — Improved toughness, 

transparent, 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S,T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to 
insure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Latest revision accepted by the Society at annual 
meeting, June. 1946. 


Type III . — General purpose, pig- 
mented, and 

Type I ¥. — Improved toughness, 
pigmented. 

General Requirements 

3. (a) The material shall be of uniform 
composition and so compounded as to 
conform to the requirements prescribed 
in these specifications. 

(h) The size, shape, dimensional toler- 
ances, surface finish, and color shall be 
as specified by the purchaser in the 
contract or order. 

Detail Requirements 

4. {a) Cellulose Nitrate.— The cellulose 
nitrate used in the production of cellulose 
nitrate plastic shall have a nitrogen 
content of 10.65 to 11.25 per cent. It 
shall be thoroughly purified and shall 
have an A.S.T.M. stability at 134.5 C. 
(275 F.) of not less than 30 min. 

{h) Composition.— Cellulose nitrate 
plastic shall be manufactured from ap- 
proved cellulose nitrate (Paragraph (a)) 
with suitable plasticizers, or from re- 
worked material having an acidity not 
greater than 25 epm. (Note 1, Section 6) 
and a fuming-off temperature of not less 


738 


Specipications lOR Cellulose Niteaxe Plastics- (D 701 - 46 T) 


than 165 C, (329 F.) (Section 6 ({;)), or 
from mixtures of the two. It rnay con- 
tain dye-stuffs, pigments, or stabilizes 
as required. , . 

(f;) Residual Volatile Matter. — The 
residual volatile matter shall be such 
that the material wall not warp or buckle 
excessively on aging under normal room 
conditions. Residual volatile matter for 


form in which ,,, they are to be shipped ■ 
(Note)j sufficient ' to determine , con- ^ 
formance of the inaterial to these specifi- 
cations. 

' Note.— T he phrase “the form, in; which 
they are to be shipped’-’ is used to deslp,ate 
material having the type of -finish specified by 
the purchaser in the contract or order, since 
various finishing methods can have an effect on 
the properties. 



Fig. 1.- 


Thickness, in. 

-Maximum Residual Volatile Matter Permissible for Various Thicknesses 
of Cellulose Nitrate Plastic. 


each thickness specified shall not be more 
than the amounts shown in Fig. 1. 

(d) Fumdng-o£ Temperature. — Cellu- 
lose nitrate plastic shall have a fuming- 
off temperature of not less than 165 C. 
(329 F.). 

{e) Acidity. — The free acidity of the 
finished plastic shall not exceed 15 epm. 
(Note 1, Section 6). 

(/) The material shall conform to the 
requirements as to physical properties 
prescribed in Table 1. 

Sampling 

5. A sample shall be selected from the 
finished sheets, rods, and tubes, in the 


Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials; 

(a) Nitrogen Content and Stability . — 
Standard Specifications and Tests for 
Soluble Nitrocellulose (A.S.T.M. Desig- 
nation: D 301).® 

(b) Residual Volatile Matter.^— Vxom 
the sample, cut shavings 0.005 to 0.0 10 in. 

8 1946 Book of A.S.T.M. Standards, Part II. 

* This method of test is intended as a temporary pro- 
cedure for use until an A.S.T.M. tentative method, now 
being developed in Committee D-20 on Plastics, has been 
completed. 
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in thickness, transferring these shavings 
immediately into a tared weighing bottle 
until approximately 1 g.,of the sample 
has been prepared. " Care .shall be taken 
to keep, evaporation, of solvents at a ■ 
minimum. Weigh the sample and the 
container to, the nearest O.I mg. Heat 
for . 2 . hr., with, the cover removed, in a 
vacuum oven at 50 C. (122 F.) under a 
vacuum of at least 28 in. of mercury. 
Cool, weigh, and return to the oven for 
another 2 hr. at SO C. (122 F.). Cool 
and weigh again. The loss in weight 

TABLE I.-DETAIL REQUIREMENTS FOR 


these tests are used, the vacuum oven 
test , for determining residuah.' vo,latile 
matter, as described in this paragraph, 
shall be used as referee in case of dispute. 
It must be further recognized that the 
vacuum oven test provides relative data 
only; it does not measure the absolute 
value of the volatile constituents. 

(c) Ftming-of Temperature .^' — The 
sample shall be prepared by taking 
shavings not thicker than 0.001 in. from 
the test piece, which shall be clean and 
free of finger-prints. The shavings shall 

CELLULOSE NITRATE PLASTIC SHEETS. 


Type 1, General, 
Transparent 


Type 2, Improved 
Toughness, 
Transparent 


Type 3, Pig- 
mented, General 
Opaque 


Type 4, Fig- . 
[mented, Improved 
Toughness, 

, Opaque 


Specific gravity, /min 

2Sin C. (77/77 F.) \max 

Tensile strength, min., psi 

Elongation, min., per cent 

Impact strength [at 25 C. (77 F. 

(izod), min., ft-lb. ( 
per in. of notch [at —40 C. (—40 F.)| 

Hardness, Rockwell fma.x: 

(R-scale) Imin 

Haze value (no color), max., per cent. . . . 
Water absorption, fW'eight gain plus 

(24-hr. immersion) j solublematterloss 
max.j per cent (Soluble matter lossj 

Heat distortion tern- fdeg. Cent, 
perature at 264 psi. j 
fiber stress, min. (cieg. Falir. 


1.35 

1,40 

8000 

25 


1.35; 

1.40 

7000 

25i 


2.0 


1.35 

1.40 

6000 

25 

3.0 

[0.75 

120 

90 

4.0 

2.5 

1.0 

60 

140 


1.35 

1.40 

5000 

25 

3.0 

0.75 

120 

90 

8.0 

2.0 

0.5 

60 


1.35 

1.40 

6000 

35 


1.35 

1.40 

15000 

35 


1.35 

1.40 

4000] 

35 

4.0 

1.0 


1.35; 

1.40i 

3000j 

35; 

4.0; 

l.ol 


1,35 

1.57 

6500* 

10 


1.35] 

1.57 

55001 

10 


3.0 


i.35| 

1.57 

[4500 

10 

1.0 

0.25 

120 

90 


1.35 

i.57 

i3500 

10 

1.0 

10,25; 

' 120l 
9o! 


1.35 

1.57 

70001 

20 


1.35 

1.57 

6000! 

20 


l',3S 

1.57 

5000 

20 

2.0 

0.50 


1-35 

1.57 

14000 

20 

2.0 

0.50 


2.5 

1.0 

49 

120 


during the second heating is assumed to 
be due to the loss of plasticizer, and loss 
of plasticizer is also assumed to take 
place at the same rate during the first 
heating period. Calculate the residual 
volatile matter as follows: 

Residual volatile matter, per cent == 

first wt. loss — second wt. loss 

■ lyy 

Wt. of; sample 

It is recognized that there are other 
methods of test which are more efficient 
as control tests but which are of limited 
application and cannot be used in a 
general specification. In case any of 


be taken by scraping the plastic with a 
suitable scraper or with a freshly broken 
piece of glass. To free the shavings of 
excessive moisture and solvents, they 
shall be heated for 2 hr. in an oven at 
50 C. (122 F.). Approximately 0.1 g. of 
the blended shavings shall be introduced 
into a dry, clean, 6 by 0.5-in. test tube, 
wdiich shall then be %/?% stoppered 
with a new perforated or notched cork 
stopper and immersed 2 in. in a liquid 
bath at 100 C. (212 F.). The bath shall 
be heated so that the temperature rises 
at the rate of not less than 3 C. (5 F.) 
nor more than 5 C, (9 F.) per min. until 
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the sample decomposes explosively. This 
temperature shaii be recorded as the 
fuming-off temperature. Not fewer than 
five tests shall be run on each sample, 
and the average of the five reported as 
the fuming-off temperature. The test 
shall be repeated for all samples that do 
not decompose explosively. 

{d) Free Acid --K 1.00 0.1-g. sam- 

ple of the material shall be dissolved in 
10 ml. of distilled water and 100 ml. of 
acetone. When solution is complete, 
the cellulose nitrate and plasticizers 
shall be precipitated by adding another 
25 jni. of water in such a manner that 
a fine slurry is formed. A few drops 
of methyl red indicator shall be added 
and the suspension titrated with 0.01 
N sodium hydroxide. A blank shall be 
run on the acetone-water mixture. Cal- 
culate the amount of free acid as follows: 

Acidity, epm. = — — X 1000 
where: 

R = milliliters of NaOH solution re- 
quired to titrate the sample, 

S = milliliters of NaOH solution re- 
quired to titrate the blank, 

N == normality of the NaOH solution, 
and 

W = grams of sample used. 

Note 1 .—Epm . is an abbreviation for equiva- 
lents per million. It is a useful measure for 
expressing acidity or alkalinity in terms of 
acidic hydrogen concentration in parts per 
million . Acidity expressed as epm . is inde- 
pendent of the kind of acid present. 

Note 2. — In case a dye in the plastic obscures 
the methyl red end point, the end point may be 
taken at a pH of 5 .3 in electrometric titration . 

(e) Conditioning T est Specimens — 
For those tests where conditioning is re- 
quired, the test specimens of cellulose 
nitrate plastic sheets, rods, and tubes 
shall be conditioned in accordance with 
the Standard Procedure of the Tentative 
Methods of Conditioning Plastics and 


Electrical Insulating Materials for Test- 
ing (A.S.T.M. Designation: D 618).^ ^ 

(f) Test 

conducted in the standard laboratory 
atmosphere of 25 zt 1 C. (77 i 2 F.) and 
50 ± 2 per cent relative humidity, un- 
less otherwise specified in the testing 
methods or in these specifications. 

(g) Specific Gravity. --Method A of 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792) 

(h) Tensile Strength and Elongation at 
Rupture. — Tentative Method of Test 
for Tensile Properties of Plastics (A.S. 
T.M. Designation: D 638).^ 

{i) Impact Strength (Izod). — Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256)^ and the Tentative 
Method of Test for Impact Resistance 
of Plastics at Subnormal and Supernor- 
mal Temperatures (A.S.T.M. Designa- 
tion: D 758). 

(j) Rockwell Hardness —Ten.tdi,tvve 
Method of Test for Rockwell Hardness 
of Plastics and Electrical Insulating Ma- 
terials (A.S.T.M. Designation; D 785)/ 
using the R scale. 

(k) Haze Value. — Tentative Method of 
Test for Haze of Transparent Plastics by 
Photoelectric Cell (A.S.T.M. Designa- 
tion: D 672).® 

(/) Water Absorption. — Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 570),® 
using the 24-hr. immersion procedure. 

(m) Meat Distortion Temperature . — 
Tentative Method of Test for Heat Dis- 
tortion Temperature of Plastics (A.S. 
T.M. Designation: D 648),® using a fiber 
stress of 264 psi. 

Number of Tests 

7, One set of test specimens as pre- 
scribed i n the methods of testing (Sec- 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S iT.M. Designations at front of book. 
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tioii; 6) shall be considered sufficient for' 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these ' 
specifications. All of the tests listed 
in Section 6 shall be used to establish 
conformity of a material to these speci- 
fications, It is recommended that rou- 
tine inspection be limited to those tests 
required to identify the material to the ■ 
satisfaction of the purchaser. The pur-, 
chaser shall state in the contract or order 
the tests which the manufacturer will 
be required to make on each shipment 
for identification of the material. 

Eetest and Rejectioii 

8. If the results of any test do not 
..conform to the requirements prescribed 
in these, specifications, at the , option of 
the manufacturer that test shall be re- 
peated on two .additionah sets of speci- 
mens. from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 


two additional sets of specimens fails, 
the hatch of molding material may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made . ' in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks Trom 
the . receipt of the material by the pur- 
chaser. 

.PacMng and Marking 

9. (a) Packing— Tht material shall be 
packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for .safe transportation at the lowest rate 
to the point of delivery, unless otherwise 
specified in the contract or order. 

{h) Marking,— Shipping containers 
shall be marked with the name of the 
material, typ^y and the quantity con- 
tained therein, as defined by the contract 
or order under which shipment is made, 
the- name of the manufacturer,, and the 
number of the contract or order. 
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A.S.T.M. Designation : D 703 - 44 T 

Issued, 1943; Revised, 1943, 1944.2 


These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover thermo- 
plastic polystyrene molding compounds 
for use particularly in the injection 
molding process. 

Note. — ^The properties included in these 
specifications are those required to identify the 
types of molding compounds covered. There 
may be other requirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 

Types 

2. These specifications cover the fol- 

lowing three types of polystyrene mold- 
ing compounds: * 

Type /. — K general purpose com- 
pound consisting of an unmodified 
form of polystyrene (polyvinyl ben- 
zene) with or without the addition of 
pigments, colors, and lubricants as 
may be required. 

^ Under tlie standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testin| Materials does not undertake to 
insure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed 
as a recommendation of any patented or proprietary appli- 
cation that may be involved. 

* Latest revision accepted by Committee E-IO on 
Standards, January 1, 1944. 


Type Z. — A superior electrical pur- 
pose compound consisting of an un- 
modified form of polystyrene (poly- 
vinyl benzene) which may contain 
small amounts of lubricants intended 
to facilitate removal of molded objects 
from the mold. 

Type 3.— A general purpose molding 
material characterized by superior 
heat-resistant qualities. 

General Requirements 

3. (a) The molding compound shall be 
of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(b) The particle size (Note) and color 
shall be as specified by the purchaser in 
the contract or order. 

Note. — Polystyrene molding compounds are 
generally supplied in a granular size of the fol- 
lowing sieve analysis: 

Retained on |-in. sieve. .... .none 
Passing No. 14 (i410-micron) 
sieve not over 6 per cent 

(c) The material covered by type. 3,, of 
these specifications shall consist of poly- 
, styrene. .comp.o.und, with halogenated 

polynuclear aromatic hydrocarbons of 
the type and quantity necessary to confer 
the specified properties. 

742 ^ 
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detail Requirements 

4. {a) M aiding Com-pounds . — The com- 
pounds covered by these specifications 
shall conform to the following require- 

ments : 

Type 1 Type 2 Type 3 
Methanol soluble content, 

• mas., per cent. 3.5 3.0 

Viscosity of 10 per cent solu- 
tion in toluene, min., centi- 
poises ..................... .30, 40 

, , (&) M olded . Test , Specimens, — Test 
specimens molded by injection under 
conditions: specified by the manufacturer 
for both types of compounds shall con- 
form to the requirements as to physical 
and ' electrical properties prescribed in 
Table I. ■ 

TABLE I.-DETAIL REQUIREMENTS FOR 
INJECTION MOLDED TEST SPECBIENS. 


Specific gravity, 25/25 C. /max,.. 
(77/77 F.) \min., . 

Refractive Index 

Impact .«tre,agth (Izod), min., 

ft-lb. per in. of notch 

Heat distortion temperature at 

264 psL fiber stress, min | 


Deformation under load, ma.t., 

per cent. . 

[60 cycles 

Power factor, 
mas 


[60 
T, ao 

U/ 


1000 cycles 

■ 000,000 cycles. 


Dielec- 

tric 

con- 

stant 


60 cycles . . , 
1000 cycles . 


I mm.. . 
Ima.t,.. 
[.min.. . 
[max... 


[1,000,000 cycles 


jmm.. . 
(max.., 


Type 1 

[Type 2 

Type 3 


1.07 

1.40 

1.05 1 

t.os 

1 1.30 

1.600 

1.600 


1.585 ; 

1.5S5 


0.30 

0.30 

0.25 

76 C. 

76 C. 

84 C. 

169 F. 

169 F. 

183 F- 

1.5 

1.5 

1.5 

0.0005 

0.0003 

0.002 

0.0005 

0.0003 

0.003 

0,0010 

0.0005 

0.001 

2.50 

2.50 

2.60 

2. 75 

2.60 ! 

2.80 

2.50 

2.50 

2.60 

2.75 

2.6p 

2.80 

2.50 

2.50 

2.60 

2.75 

2.60 

2.80 


Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Methods of Testing Molding Powders 
■Used in. Manufacturing Molded Electri- 
cal Insulators (A.S.T.M. Designation: 
D, 392) of the American Society for 
Test:m.g, Materials.® A batch of molding 
compound shall be considered as a unit 
of manufacture as prepared for shipment 
and may consist of a. blend of two or 
more ^^productioii^ runs” of material. 
Methods of Testing 

6. The properties enumerated in these 

* Appears in this publication^, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


specifications s.haU be, determined in 
accordance with the following methods 
.of the American Society for.. Testing 

Materials: 

(a) Conditioning Test Specimens,— 
For those tests where conditioning is re- 
quired, the molded test specimens /of 
polystyrene shall be .co.nditioned. in ac-' 
cordance with Functional Procedure A 
of the ■ Tentative Methods of Condi- 
tioning Plastics and Electrical Insulating 
Materials for Testing (A.S.T.M. Desig- 
nation: D 618).® 

(b) Test Conditions. — Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 =b 1 C. (77 rh 2 F.) 
and 50 dh 2 per cent relative humidity, 
unless otherwise specified in the testing 
methods or in these specifications. 

(c) Sieve /Dzn^ym'.—Standard Meth- 
ods of Testing Molding Powders Used 
in Manufacturing Molded Electrical 
Insulators (A.S .T.M . Designation : 
D 392).® 

(d) Methanol Solubility Test,— The 
methanol soluble content shall be deter- 
mined as follows: 

(1) SAAfPLE Preparation.— G rind the 
sample to pass an A.S.T.M. No. 12 
(1680-micron) sieve. 

(2) Apparatus, — The following ap- 
paratus will be required: Analytical 
balance, 50-ml. beakers with watch 
glasses (or weighing bottles), 400-ml. 
beakers with watch glasses, 25- and 
200-ml. graduated cylinders, dense sin- 
tered glass crucibles, source of vacuum, 
vacuum filter flask, desiccator, water 
bath or steam plate, drying oven adjust- 
able to 65 ,to 70 C. (149 :to 158::,F.), 
crucible tongs, and tweezers. 

(J) Solvents. — Redistilled. c. p. meth- 
anol (Note 1), c. p. dioxane, toluene, and 
,c. p.' acetone will be required as solvents. 

(4) Procedure— Wash all glassware 
with toluene, follow with an acetone 
rinse, and dry thoroughly. Dry the 
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crucibles for 1 hr. at 65 C. (149 F.) and 
store in the desiccator. Weigh directly 
into a tared 50-ml. beaker (or weighing 
bottle) and weigh to the nearest 0.0001 
g. about 0.3 g. of the ground sample. 
Add 15 ml of dioxane (Note 2), cover 
with a watch glass, and let stand until 
dissolved. After solution is complete, 
stir thoroughly and transfer rapidly, 
while stirring, to a 400-mL beaker con- 
taining 200 to 250 ml. of redistilled 
methanol. Rinse the 50-mL beaker with 
25 to so ml. of methanol from a wash 
bottle, using a policeman if necessary to 
dislodge any solid particles. The trans- 
'fer shall, be quantitative.; , 

Heat to 65 C. (149 F.) on the water 
bath or steam plate, while stirring, until 
the precipitate is fairly well coagulated, 
then remove and allow to settle for a few 
minutes. Filter with suction through a 
weighed sintered glass crucible (Note 3), 
first decanting as much liquid as possible, 
and then transferring the solids with the 
aid of a policeman and methanol from a 
wash bottle. Use about 125 ml. of 
methanol for transferring and washing 
the precipitate. Continue suction until 
dry. Clean the outside of the crucible 
with a damp cloth or chamois . Dry to 
constant weight at 65 to 70 C. (149 to 
158 F.) (Note 4), Cool in the desiccator, 
and weigh. 

(5) Calculation.— “Calculate the per- 
centage methanol soluble content as 
follows: 


Methanol soluble 
content, per cent >» 


A - B 

,A. 


X 100 


where: 


A = weight of sample in grams, and 
B = weight of precipitate in grams. 

Note 1. — The methanol shall be redistilled 
before initial use, and may be recovered by 
redistiilation and reused two or three times. 

Note 2. — C. p; benzene (thiophene free), or 
methyiethylketone may be substituted for the 
dioxane in routine analyses. 


Note 3.— The strictest quantitative tech- 
nique shall be observed in handling the sample 
and the crucible. 

Note 4.— The drving time may vary from 
3 to 3 hr. and may be divided conveniently into 
equal periods with a weighing betvreen each. 
If a weight change greater than 0,4 mg. occurs, 
an additional heating for 1 hr. is usually sufficient 
to reach constant weight. For . routine analyses 
the precipitate may be dried for 1 hr. at iOO C. ... 
(212 F.); the crucible in this case should first 
be dried .at. 100 C. (212.' F.) instead of. 65 C. 
(149. F.). . , . . . 

(e) Viscosity of 10 per cent Solution.-- 
The viscosity of a 10 per cent solution 
by weight of polystyrene in toluene shall 
be determined as follows: 

(i) Apparatus.— A, 16-gz. screw cap 
bottle, platform type balance accurate 
to 0.01 g., coarse fritted glass filter, 
thermometer, and., shaking or tumbling 
device will be required. .. 

. (2) Toluene.— The toluene, shall con- 
form to the St.anda,rd . Specifications for. 
Industrial Grade Toluene for Use in 
Paint, Varnish, Lacquer, and Related 
Products: (A.S,.T.M. Designation: 

D 362).^ 

(3) Sample Preparation.— G rind.. the 
sample .to pass an. A.S.T..M. No. 12 
(1680-micron) sieve. 

.(4) Preparation . of Solution.— 
Prepare a 10 per cent solution by weight 
of polystyrene .in toluene as .follows: 
Weigh to the nearest 0.01 g. the sample 
and , the . , toluene, . respectively, into a , 
clean . 16-oz. small-mouth . screw-cap 
bottle. The final volume in the bottle 
shall be not more than SO per cent of the 
capacity of the bottle. Cap tightly, 
and tumble or shake until all the sample 
is dissolved. Adjust the temperature 
of the solution to 25 db 0.1 C. (77 ± 
0.2 F.) and determine the specific 
gravity of the solution at 25/25 C. by 
the Standard Method of Test for Specific 
Gravity of . Road . Oils, . Road ; Tars, 
Asphalt Cement, and Soft Tar Pitches 
(A.S.T.M. Designation: D 70).'^ 


V 1946 Book of A.S.T.M. Standards, Part III-A. 
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(5) Procedure— Filter the solution 
through the coarse fritted glass filter and 
determine the viscos ty of the solution 
at 25 ± 0.1 C. (77 ± 0.2 F.) in accord- 
ance with the Tentative Method of Test 
for Kinematic Viscosity (A.S.T.M. De- 
signation: D 445),^ using Method B in 
the Appendix of Method D 445 and the 
modified Ostwaid Viscosimeter (Note 6), 
Select a pipette suitable for the approxi- 
mate viscosity and calibrate it with a 
standard viscosity sample at 25 C. (77 F.). 
Convert the viscosity in terms of centi- 
stokes to absolute viscosity in centi- 
poises by the following equation (Note 7) : 

Absolute viscosity in centipoises = F x ^ 
where: 

V == kinematic viscosity in centistokes, 
and 

5 = specific gravity of the solution. 

Note 5. — ^The 10 per cent solution shall be 
free of undissolved particles or lint. The trans- 
fer of solution shall be done rapidly to avoid 
evaporation of solvent. The apparatus must 
be cleaned immediately after use by passing 
through successive portions of toluene, benzene 
or methylethylketone, and acetone, after 
which dry air may be used to evaporate the 
acetone. 

Note 6 . — For routine analysis, the calibrated 
Hoeppler or Ubbelohde viscosimeters may be 
used as described in Appendix A of the Tenta- 
tive Method of Test for Kinematic Viscosity 
(A.S.T.M. Designation: D 445),^ or the viscosity 
may be determined in accordance with the 
Standard Method of Test for Viscosity by 
Means of the Saybolt Viscosimeter (A.S.T.M. 
Designation: D 88).^ 

Note 7. — This equation may be used to 
convert centistokes to centipoises regardless of 
the method used in determining the viscosity. 
If the Saybolt Universal Viscosimeter is used, 
convert seconds efflux to centipoises by the 
following equation: 

Absolute Viscosity in centipoises = 

100 X 5 X 1^(0.0022 X 0 - Y j 

where:,"', ■ 

5 » specific gravity of the solution, and 
^ =* efflux time in seconds, Saybolt Universal 
viscosity. 


(/) Specific Graviiy — Method :k: of .the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792).® 

(g) Refractive Index . — ^^Standard Meth- 
ods of Test for Index of Refraction of 
Transparent Organic Plastics (A.S.T.M. 
Designation: D 542).® 

(A) Impact Strength (Izod ). — Method A 
of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256),® except that the 
notch shall be produced by a machining 
operation. 

(i) Beat Distortion Temperature . — 
Tentative Method of Test for Heat Dis- 
tortion Temperature of Plastics (A.S. 
T.M. Designation: D 648),® using a fiber 
stress of 264 psi. 

ij) Deformation Under Load. — Tenta- 
tive Methods of Test for Deformation of 
Plastics Under Load (A.S.T.M. Designa- 
tion: D 621).® 

{k) Power Factor and Dielectric Con-- 
slant . — Tentative Methods of Test for 
Power Factor and Dielectric Constant 
of Electrical Insulating Materials (A.S. 
T.M. Designation: D 150).® 

Number of Tests^ 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed 
in Section 6 shall be used to establish 
conformity of a material to these speci- 
fications. It is recommended that rou- 
tine inspection be limited to those tests 
required to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
identification of the material. 


« Editorially revised in June, 1944. 
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Metest'.and Rejection . 

'8. If tte resiilts of any, test do not 
conform to. tlie requirements prescribed 
in these specificationSj at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding material may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 


the receipt of the material by the 

purchaser. 

Packing and Marking, 

9. (d) Packing— The material shall, be 
packed in standard co.m.mercial con-' 
tainers, so constructed as to, insure ac- 
ceptance by common ' or other , carriers 
for safe transportation at the lowest rate 
to the point of delivery,, unless otherwise 
specified in the contract or order. 

(b) Marking , — Shipping , containers 
shall be marked with the name of the 
material, type, and quantity contained 
therein, as defined fey the contract or 
order under which shipment is made, 
the name of the manufacturer, and the 
number of the contract or order. 



Tentative Specifications for 
MELAMINE-FORMALDEHYDE MOLDING COMPOUNDS^ 


A^S.T.M. Designation: D 704 - 44 T 
Issued, 1943; Revised, 1944.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. These specifications cover thermo- 
setting molding compounds consisting of 
a melamine-formaldehyde resin binder, 
with or without small amounts of other 
resins, that has been intimately com- 
bined in the uncured or partially cured 
condition with fillers, pigments, and 
other chemical agents. 

Note. — The properties included in these 
specifications are those required to identify the 
types of molding compounds covered. There 
may be other requirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 

Types 

2. These specifications cover the fol- 
lowing four types of melamine-formalde- 
hyde molding compounds: 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

* Revision accepted by the Society at annual meeting, 
June, 1944. 


Type L — Melamine-formaldehyde 
with alpha cellulose filler. 

Type 2, — Melamine-formaldehyde 
with mineral filler. 

Type 3, — Melamine-formaldehyde 
with chopped cotton-rag filler. 

Type 4 , — Melamine formaldehyde- 
phenol formaldehyde (85:15 ratio) 
with chopped cotton-rag filler. 

General Requirements 

3. (a) The molding compounds shall 
be of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(b) The apparent density, bulk factor, 
flow, particle size, and color of the com- 
pound shall be as specified by the pur- 
chaser in the contract or order. 

Detail Requirements 

4. Test specimens molded by com- 
pression under conditions specified by 
the manufacturer shall conform to the 
requirements as to physical and elec- 
trical properties prescribed in Table I. 

Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
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procedure described in the Standard 
Methods of Testing Molding Powders 
Used in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designa- 
tion: D v392)/ A batch of molding 
compound shall be considered as a unit 
of manufacture as prepared for ship- 
ment and may consist of a blend of two 
or more “''production runs’’ of material. 


Used for Electrical Insulation (A.S.T.M. 
Designation: D 48).® 

(e) Impact Strength (Izod). — Method A 
of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256),® except that the 
test specimen shall be built up of four 
pieces each | by | in. in cross-section. 


TABLE I.~DETAIL REQUIREMENTS FOR COMPRESSION MOLDED TEST SPECIMENS. 



Type 1 

Type 2 

Type 3 

Type 4 

Specific gravity, 25/25 C. (77/77 F.) 

1.45 

1;55 

1.70 

2.20 

1.45 

1.55 

1.45 

1.55 

Flexural strength, min., psi 

9 000 

7500 

10 500 

13 000 

Impact strength (Izod), min., ft-lb. per in. of notch ...... 

0.20 

0.25 

0.55 

0.9 

Water absorption (24-hr., immersion), max. weight gain, 

1.8 

0.15 

1.0 


per cent 

1.1 

Dielectric strength, [short-time test 

300 

300 

300 

160 

min., V. per mil. \step-by-step test 

250 

250 

230 

125 

Arc resistance, min., sec. 

80 

120 

120 

8 


Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Mate- 
rials: 

(a) Conditioning Test Specime?is , — 
For those tests where conditioning is re- 
quired, the molded test specimens of 
melamine-formaldehyde shall be condi- 
tioned in accordance with Functional 
Procedure A of the Tentative Methods 
of Conditioning Plastics and Electrical 
Insulating Materials for Testing (A.S. 
T.M. Designation: D 618),® 

(b) Test Conditions, — Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 zb 1 C. (77 ± 2 F.) and 
50 ± 2 per cent relative humidity, un- 
less otherwise specified in the test 
methods or in these specifications. 

(c) Specific Gravity, — Method A of the 

Tentative Methods of Test for Specific 
Gravity -of Plastics (A.S.T.M. Designa- 
tion: D 792).® , 

{d) Flexural Strength, — Tentative 

Methods of Testing Molded Materials 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at' front of book. 


(/ ) W ater A b sorption . — S t andard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 570),® 
using the 24-hr. immersion. 

(g) Dielectric Strength, — Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149),® except that 
the test specimens shall be compression 
molded disks or plates | in. in thickness, 
conditioned for 48 hr. at 25 zb 1 C. (77 
zb 2 F.) at 50 zb 2 per cent relative 
humidity, and tested under the same 
conditions. 

{h) Arc Resistance, — Standard 
Method of Test for Arc Resistance of 
Solid Electrical Insulating Materials 
(A.S.T.M. Designation: D 495).® 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform to 
the requirements prescribed, in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
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formity of a material to these specifica- 
■ tions. It is recommended that routine 
' inspection be limited to those tests re- 
I quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
^ identification of the material. 

Retest and Re j ection 

8. If the results of any test do not 
I conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of the 
two additional sets of specimens fails, 
the batch of molding compound may be 
rejected at the option of the purchaser. 






I 


Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the pur- 
chaser. 

Packing and Marking 

9. {a) Packing , — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest rate 
to the point of delivery, unless otherwise 
specified in the contract or order. 

(&) Marking , — Shipping containers 
shall be marked with the name of the 
material, type, and the quantity con- 
tained therein, as defined by the contract 
or order under which shipment is made, 
the name of the manufacturer, and the 
number of the contract or order. 




Tentative Specifications for 

CELLULOSE ACETATE MOLDING COMPOUNDS^ 



A.S.T.M. Designation: D 706 - 46 T 

Issued, 1943; Revised, 1943, 1944, June 1946, September 1946.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover thermo- 
plastic molding compounds consisting of 
cellulose acetate and plasticizers, with 
or without the addition of dyes and pig- 
ments, and suitable for compression, 
injection, or extrusion molding. They 
do not include special materials com- 
pounded for special applications. 

Note. — ^T he properties included in these 
specifications are those required to identify 
the types and grades of molding compounds 
covered. There may be other requirements 
necessary to identify particular characteristics. 
These will be added to the specifications as 
their inclusion becomes generally desirable and 
the necessary test data and methods become 
available. 

Types and Grades 

2. These specifications cover four 
types and fifteen grades of cellulose ace- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee I)-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such lia- 
bility, and such publication should not be construed as a 
TecommendadoE of any patented or proprietary applica- 
tion that may be involved. 

3 Latest revisions accepted by the Society at annual 
meeting, June, 1946, and by the Administrative Commit- 
tee on Standards, September 9, 1946. 


tate molding compounds, classified in 
accordance with their flow temperatures 
as shown in Table I. 


TABLE I.— TYPES AND GRADES OF CELLULOSE 
ACETATE MOLDING COMPOUNDS. 




Flow Temperature 

Type 

Grade 




deg. Fahr. 

deg. Cent. 

f 

1 

314 d= 9 

lS6d=S 

I. General purpose! 

2 

3 

300 ±9 
286 ±9 

149 d= S 
141 ± 5 

1 

4 

272 ± 9 

133 ± S 

f 

5 

356 ± 9 

180 ±5 

II. Heat resistant.. i 

6 

332 ±9 

167=fc5 

1 

7 

314 db 9 

156 ± 5 

f 

8 

300 =b 9 

149 ± 5 

III. Impact resist-J 

9 

286 d= 9 i 

141 ±5 

ant 1 

10 

272 ±9 

133 d= 5 

1 

11 

260 d= 9 

127 ± 5 

( 

12 

332 ±9 

167 ±5 

IV. Moisture resist-J 

13 

314 d= 9 

156 ± 5 

ant. 1 

14 

300 ±9 

149 d= 5 

1 

IS 

286 ±9 

141 ± 5 


General Rei^uirements 

3. (a) The molding compounds shall 
be of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(J) The size and form of granulations 
of the molding compound (Note), and 
for color, translucency, or opacity shall 
be as specified by the purchaser in the 
contract or order. 
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Note. — Cellulose acetate molding compounds 
are available in granular sizes of and ^ in., 
and in other sizes and forms. 

Detail Requirements 

4. Test specimens molded by com- 
pression or injection under conditions 
specified by the manufacturer shall 
conform to the requirements as to 
physical and electrical properties pre- 
scribed in Table II. 

Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 


(a) Conditioning Test Specimens . — 
For those tests where conditioning is re- 
quired, the molded test specimens of cellu- 
lose acetate shall be conditioned in ac- 
cordance with the Standard Procedure 
of the Tentative Methods of Condition- 
ing Plastics and Electrical Insulating 
Materials for Testing (A.S.T.M. Des- 
ignation: D 618).® 

(&) Test Conditions. — ^Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 =1= 1 C. (77 zfc 2F.) 
and SO db 2 per cent relative humidity, 
unless otherwise specified in the test 
method or in these specifications. 


TABLE II.— detail REQUIREMENTS FOR MOLDED TEST SPECIMENS. 



Type I, General 
Purpose 

Type II, Heat 
Resistant 

Type III, Impact 
Resistant 

Type IV, Mois- 
ture Resistant 

Grade 1 

Grade 2 

Grade 3 

Grade 4 

Grade 5 

Grade 6 

Grade 7 

Grade 8 

Grade 9 

Grade 10 

13 

ci 

o 

Grade 12 

Grade 13 

Grade 14 

1 in 

\ 

i 0 

^ e« 

0 



156 

149 

141 

133 

180 

167 

156 

149 

141 

133 

107 

167 

ISd 

149 

141 


,deg. Fahr. ±9 F 

314 

300 

286 

m 

356 

332 

SU 

300 

286 

272 

260 

332 

314 

300 

286 

Specific gravity, 25/25 C 

:. (77/77 F.), ma.t 

1.34 

1.34 

1.34 

1.34 

1.34 

1.34 

1.34 

1.32 

1.32 

1.32 

1.32 

1.34 

1.34 

1.34 

1.34 

Tensile strength, min,, 1 

'at 25 C. (77 F.) 

5200 

4300 

3500 

2900 

6200 

5500 

5000 

4000 

3500 

3000 

2500 

5600 

5000 

4100 

3300 

psi. 1 

at 71 C. (160 F.)...... 

2800 

2000 

1400 

1100 

4000 

2700 

2300 

2000 

1400 

900 

600 

3000 

2400 

1700 

1200 

Heat distortion tern- | 

deg. Cent 

63 

54 

52 

46 

74 

68 

63 

52 

49 

43 

38 

66 

60 

52 

46 

perature at 264 psi -i 

deg. Fahr 

145 

130 

125 

115 

165 

155 

145 

125 

120 

no 

100 

ISO 

140 

125 

115 

fiber stress, min. I 

















Impact strength (Izod), 

fat 25 C. (77 F.) 

0.8 

1.0 

1.3 

1.7 

0.5 

0.5 

0.8 

1.7 

1.9 

2.2 

3.0 

0.9 

1.1 

1.4 

| 2.0 

min., ft-lb. per in. of j 

at -40 C. (-40 F.)... 

0.3 

0.3 

0.4 

0.4 

0.3 

0.3 

0 3 

0.4 

0.4 

0.4 

0.5 1 

0.4 

0.4 

0.4 

0.4 

notch 1 

















Water absorption (24- | 

^'Weight gain plus solu- 
















hr. immersion), max.,^ 

[ ble matter loss 

4.0 

3.5 

3.7 

4.0 

5,0 

5.0 

4.7 1 

3.8 

4.5 

5.5 

6.0 

2.9 

2.7 

2.8 

3.2 

oer cent ! 

[Soluble matter loss . . . 

0,5 

0.7 

0.9 

1.1 

0.3 

0.3 

0.3 

0.8 

1.0 

1.2 

1.5 

0,2 

0.3 

0.7 

1.3 

Weight loss on heating (72 hr. at 82 C. (180 F.)), 


i 














max., per cent 


3.0 

4.5 

5.5 

7.5 

0.75 

1.5 

2.3 

5.6 

7.1 

9.3 

11.3 

1.6 

2.5 I 

4.3 ' 

6.2 


Methods of Testing Molding Powders 
Used in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designation: 
D 392) of the American Society for 
Testing Materials.® A batch of molding 
compound shall be considered as a unit 
of manufacture as prepared for shipment 
and may consist of a blend of. two or 
more ‘^production runs’’ of material. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 


{c) Flow Temperature. — Tentative 
Method of Test for Measuring the Flow 
Properties of Thermoplastic Mold- 
ing Materials (A.S.T.M. Designation: 
D 569),® using the preferred method of 
conditioning. 

id) Specific Gravity. — Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792).® 

(e) Tensile Strength.— 

Method of Test for Tensile Properties of 
Plastics (A.S.T.M. Designation: D 638)® 
and the Tentative Methods of Test for 
Tensile and Compressive Properties of 
Plastics at Subnormal and Supernormal 


Temperatures (A.S.T.M. Designation; 


3 Appears in this publication, see Contents in Niuneric 
Sequence of A.S.T.M. Designations at front of book- 
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D, 759) Conditioning time at 71 C. ' 
(160 F.) shall be not less than 1 hr, nor 
more than 2 hr. 

(/) Heat Distortion Temperature.— 
Tentative Method of Test for Heat Dis- 
tortion Temperature of Plastics (A.S. 
T.M. Designation: D 648),® using a fiber 
stress of 264 psi. . 

(g) Impact Strength (Izod ). — ^Method A 
of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256)® and the Tentative 
Method of Test for Impact Resistance 
of Plastics at Subnormal and Super- 
normal Temperatures (A.S.T.M'. Desig- 
nation: D 758).® 

Qi) Water Absorption . — Standard 
Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: 
D 570),® using the 24-hr. immersion. 

(i) Weight Loss on Heating . — Test 
specimens 3 by 1 by | in. shall be con- 
ditioned for 48 hr. over anhydrous 
calcium chloride at 25 ± 1 C. (77 dz 
2F.). The specimens shall be weighed 
and then placed in a circulation air 
oven for 72 hr. at 82 ± 1 C. (180 =h 
2 F.) . The specimens shall be supported 
flatwise on a screen in the oven. Upon 
removal from the oven, the specimens 
shall be cooled in a desiccator over an- 
hydrous calcium chloride to 25 ± 1 C. 
(77 ± 2 F,). The specimens shall then 
be weighed, and the percentage weight 
loss on heating calculated on the basis 
of the conditioned weight. 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed in 


Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions. It is recommended that routine 
inspection be limited, to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will 
be required to make on each shipment for 
identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the recj[uirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding compound may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the 
purchaser. 

Packing and Marking 

9. {a) Packing.— Tht material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the low^est rate 
to the point of delivery, unless other- 
wise specified in the contract or order. 

(6) Marking . — Shipping containers 
shall be marked with the name of the 
material, type, grade, and quantity 
contained therein, as defined by the 
contract or order under which shipment 
is made, the name of the manufacturer 
and the number of the contract or 
order. 


Tentative Specijications for 

CELLULOSE ACETATE BUTYRATE MOLDING COMPOUNDS^ 



A.S.T.M. Besignatioii: B 707 - 46 T 


Issued, 1943; Revised, 1943, 1944, 1946.2 


These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover thermo- 
plastic molding compounds consisting of 
cellulose acetate butyrate having a 
butyryl content of not less than 35 per 
cent, and plasticizers, with or without 
the addition of dyes and pigments, and 
suitable for compression, injection, and 
extrusion molding. 

Note. — The properties included in these 
specifications are those required to identify the 
types of molding material covered. There may 
be other requirements necessary to identify par- 
ticular characteristics. These will be added to 
the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 

Types 

2. These specifications cover three 
types and ten grades of cellulose acetate 
butyrate molding compounds, classified 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-20 on Plastics, 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such lia- 
bility, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Latest revision accepted by the Society at annua 
meeting, June, 1946. 


in accordance with their flow tempera- 
tures, as shown in Table I. 


TABLE I.—TYPES OF CELLULOSE ACETATE 
BUTYRATE MOLDING COMPOUNDS. 


Type 

Grade 

Flow Temperature 


deg. Fahr. 

deg. Cent. 

f 

I. General purposej 

1. ... 
2. . . . 

' 3. . . . 

4. . . . 

300 dz 9 
286 ±9 
300 ± 9 
286 ± 9 

149 ± 5 
141 ± 5 
149 ± 5 
141 i 3 

II. Heat resistant. 

5 . , . . 

6 . . . . 

332 ± 9 
314 ± 9 

167 ± 5 
156 ± 5 

in. Impact resistantj 

7. . . . 
8 . . . 
9, . . . 
10. . . . 

272 ±9 
260 ±9 
272 db 9 
260 ± 9 

133 ± 5 
127 ± 5 
133 ± 5 
127 d= 5 


General Requirements 

3. (a) The molding compounds shall 
be of uniform composition and so com» 
pounded as to conform to the require- 
ments prescribed in these specifications* 

(^) The particle size, dimensions, and 
color shall be as specified by the pur- 
chaser in the contract or order (Note). 

Note. — C ellulose acetate butyrate molding 
compounds are available in tbe following forms: 
pellets (I in.), granulations (| to in.), and 
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Manks and molding sheets to If in. in thick- 
ness with a maximum area of 20 by 25 in.). 
These compounds are available in the following 
colors: plain colors (transparent, translucent, 
opaquCy black) variegations (configurations of 
plain colors), and pearls (variegated with 
iridescent luster). 

Detail Requirements' 

4. Test specimens cut or milled from 
sheets | in. in thickness which have been 
molded by compression in a positive type 
mold under conditions specified by the 
manufacturer shall conform to the re- 


Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 

Materials: 

(a) Conditioning Test Specimens , — 
For those tests where conditioning is 
required, the molded test specimens of 
cellulose acetate butyrate shall be con- 
ditioned in accordance with the Stand- 
ard Procedure of the Tentative Methods 
of Conditioning Plastics and Electrical 


table II,~-DETArL REQUIREMENTS FOR MOLDED TEST SPECIMENS. 


Properties 

Type I, General Purpose 

Type II, 
Heat Re- 
sistant 

Type III, Impact 
Resistant 

Grade 

1 

Grade 

2 

Grade 

3 

Grade 

4 

Grade 

5 

Grade 

6 

Grade 

7 

Grade 

8 

Grade 

9 

Grade 

10 

Flow temperature 

/deg. Cent. d= S C 

149 

141 

149 

141 

167 

156 

133 

127 

133 

127 

\deg. Fahr. =fc: 9 F 

300 

286 

300 

i 286 

332 

314 

272 

260 

272 

260 

Specific gravity, 25/25 C. 

(77/77 F.). max ...j 

1.21 

1.20 

1.22 

i 1.21 

1.23 

1.22 

1.19 

1.18 

1.22 

1.21 

Tensile strength, min., 

fat 2SC. (77F.) 1 

3500 

2700 

4100 

3600 

5300 

4500 

2000 

1400 

3100 

2500 

psi. 

lat 71 C. (160 F.) i 

2100 

1300 

2200 

1600 

3600 

2800 

800 

400 

1100 

600 

Impact strength (Izod), 

fat 25 C. (77 F.) 1 

1.5 

1.8 

1.0 

1.2 

0.6 

1.0 

2,3 

3.1 

1.7 

2.5 

min. ft-lb. per in. of 

]at -40C. (-40 F.).... 

0.5 

0.6 

0.4 

0.5 

0.3 

0.4 

0.7 

1.0 

0.6 

0.7 

notch 

i ' 











Heat distortion tempera- 

[deg. Cent 

50 

46 

53 

48 

64 

56 

43 

39 

45 

41 

ture at 264 psi. fiber 

<deg. Fahr 

122 

114 

127 

119 

148 

134 

109 

103 

113 

lOS 

stress, min. 

i 











Water absorption (24-hr. 

(Weight gain plus solu- 











immersion), max., per i ble matter loss 

2.1 

2.1 

1.7 

1.8 

2,3 

2.2 

2.1 

2.1 

2.0 

2.4 

cent 

[Soluble matter loss .... 

0.3 

0.4 

0.2 

0.4 

0.2 

0.3 

0.5 

0.6 

0,7 

1.1 

Weight loss on heating (72 hr. at 82 C. (180 F.)), 











max., per cent 


1.5 

2.0 : 

1.9 

3.0 

0.4 

0.8 

2.4 

3.0 

4.5 

6.0 


quirements as to physical and electrical 
properties prescribed in Table II. 

Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Methods of Testing Molding Powders 
Used in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designation: 
D 392).® A batch of molding compound 
shall be considered as a unit of manu- 
facture as prepared for shipment and 
may consist of a blend of two or more 
^*production runs’' of material. 

* Appears in this publication, see Contents in Ntizneric 
Sequence of A.S.T.M. Designations at front of book. 


Insulating Materials for Testing (A.S. 
T.M. Designation: D 618).® 

(6) Test Conditions, — ^Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 1 C. (77 rfc 2 F.) and 

50 ± 2 per cent relative humidity, unless 
otherwise specified in the testing meth- 
ods or in these specifications. 

{c) Flow Temperature.— Ttiiiditivt 
Method of Test for Measuring the Flow 
Properties of Thermoplastic Molding 
Materials (A.S.T.M. Designation: 
D 569),® except that the test specimen 
shall be obtained by punching pieces 
from a molded sheet and piling them 
to the required height. Test specimens 
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shall be 'conditioned by the preferred 
method. 

(J) Specific Gravity, — ^Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792).^ , 

(e) Tensile Strength, — ^Tentative 
Method of Test for Tensile Properties 
of Plastics (A.S.T.M. Designation: 
D 638)'^ and the Tentative Methods of 
Test for Tensile and Compressive Prop- 
erties of Plastics at Subnormal and 
Supernormal Temperatures (A.S.T.M. 
Designation : D 759) Conditioning 
time at 71 C. (160 F.) shall be not less 
than 1 hr. nor more than 2 hr. 

(/) Impact Strength (I zod) . — Method A 
of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 

^ 256)^ and the Tentative 
Method of Test for Impact Resistance of 
Plastics at Subnormal and Supernormal 
Temperatures (A.S.T.M. Designation : 
D 758).^ 

{g) Heat Distortion Temperature , — 
Tentative Method of Test for Heat 
Distortion Temperature of Plastics 
(A.S.T.M. Designation: D 648),^ using a 
fiber stress of 264 psi. 

{h) Water Absorption, — Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 570),^ 
using the 24-hr. immersion. 

{i) Weight Loss on Heating, — Test 
specimens 3 by 1 by | in. shall be con- 
ditioned for 48 hr. over anhydrous 
calcium chloride at 25 zfc 1 C. (77 ± 
2 F.). The specimens shall be weighed 
and then placed in a circulation air oven 
for 72 hr. at 82 ±1 C. (180 ± 2 F.). 
The specimens shall be supported flat- 
wise on a screen in the oven. Upon 


removal from the oven j the specimens 
shall be cooled in a desiccator over an- 
hydrous calcium chloride to 25 ± 1 C. 
(77 ± 2 F,). The specimens shall then 
be weighed and the percentage weight 
loss on heating calculated on the basis 
of the conditioned weight. 

Number of Tests 

. 7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform to 
the requirements prescribed in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions. It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, the 
batch of molding material may be re- 
jected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
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manufacturer within three weeks from 
the receipt of the material by the 
purchaser. ■ ; 

Packing and Marking 

9 {a) Packing.’— Tht material shall be 
packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest 


rate to the point of ■ deliveryj unless 
otherwise specified in the contract or 

order. 

, (b) Marking.— Shrppmg , containers 
shall be marked with the name of the 
material, type, grade, and quantity con- 
tained therein, as defined by the con- 
tract or order under which shipment is 
made, the name' of the manufacturer 
and the number of the contract or order. 


'Ventative Specifications for ■ * 
VINYL CHLORIDE-ACETATE RESIN PLASTIC SHEETS’ 



A.S.T.M. Designation: D 708 - 44 T 

Issued, 1943; Revised, 1944.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover rigid 
plastic sheets made of vinyl chloride- 
acetate resins of approximately 90 per 
cent vinyl chloride content and the 
necessary lubricants, stabilizers, dyes, 
pigments and fillers. These specifica- 
tions do not cover special sheets com- 
pounded for special applications. 

Note. — The properties included in these 
specifications are those required to identify the 
type of material covered. There may be other 
requirements necessary to identify particular 
characteristics. These will be added to the 
specifications as their inclusion becomes gener- 
ally desirable and the necessary test data and 
methods become available. 

Type and Grades 

2. These specifications cover one type 
and three grades of rigid plastic sheets 
made from vinyl chloride-acetate resin. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A,S.T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such lia- 
bility, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be Involved. „ , , 

* Revision accepted by Committee E-10 on Standards, 
August 28, X944. 


General Requirements 

3. {a) The material shall be of uniform 
composition and so compounded as to 
conform to the requirements prescribed 
in these specifications. 

{h) No sheet shall contain more than 
eight surface defects over in. in di- 
ameter or equivalent, more than 1 in. 
from the edge, and of the type described 
in the Standard Descriptive Nomencla- 
ture of Objects Made from Plastics 
(A.S.T.M. Designation: D 675) of the 
American Society for Testing Materials.^ 
The total defective area or areas shall not 
exceed 1 per cent of the sheet. 

{c) The grade designation, color, sur- 
face finish, and size shall be as specified 
by the purchaser in the contract or order 
(Notes 1, 2, and 3). 

Note L— -Vinyl chloride - acetate resin sheets 
are available with any of the following finishes: 
Press polished both sides, 

Matte finished both sides, and 
Press polished one side, matte finished one 
side. 

Note 2, — Standard trim size for these sheets 
is 20 ri= A by 50 zfc in, by the specified 
thickness. 


? Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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; Note'3.-— ’Tlie tliree grades of sheets covered 
by these specificatioBS are available in the 
following degrees of transparency or opacity : 

Grade !. — Transparent clear or colors only, 

Grade 2,“Transliicent or opaque colors only, 
and 

Grade 3 .'—•Opaque colors only. 

(d) The maximum thickness of sheets 
covered by these specifications shall be 
I in. The average thickness shall be 
within plus or minus 10 per cent of the 
specified thickness, but no single thick- 
ness measurement shall vary more than 
15 per cent from the specified thickness. 


plastic composition under similar pro- 
duction conditions. . 


6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the, following methods of 
the American Society for Testing Mate- 
rials: 

(a) CondUioning Test Specimens:— 
For those tests wliere conditioning is re- 
quired, the test specimens formed from 
rigid sheets of vinyl chloride-acetate 
resin plastics shall be conditioned in ac- 
cordance with the Standard Procedure 


Methods of Testing 


TABLE I.-DETAIL REQUIREMENTS FOR VINYL CHLORIDE- ACETATE RESIN PLASTIC SHEETS. 



Grade 1 

Grade 2 

Grade 3 

Specific gravity, 25/25 C. /mm 

(77/77 F.) . Imax 

1.32 

1.32 

1.40 

1.36 

1,60 

. 1.55 

Tensile strength, min., psi ; 

Modulus of elasticity in flexure, mm., psi 

8 000 

6 500 

6 000 

380 000 

350 000 

360 000 

Impact strength (Izod),mm.,ft-lb. per in. of notch 

Heat distortion temperature at 264 psi. fiber 

0.3 

0.35 

0.5 

52 

■57 



54- 

stress, mm. liet Fahr 

125 

135 

130 

Deformation under load 

a 

a 

a 

Flammability 

b 

1.53 

1.52 

b.' 

b 

Index of refraction (»ri) 



Optical displacement factor, max 

10 



Thermal stability, max., mg. of HCl per g — 

2 

‘ ’2 

"l' 

Volume resistivity, min., ohm-cm. 

1014 

10« 

1014 

Water absorption (24-hr, immersion), max., per cent 

0.15 

0.15 

0.15 


“ To be si^ecified at a later date, 

** Self-extinguishing. 

Detail Requirements 

4. The material shall conform to the 
requirements as to physical properties 
prescribed in Table L 

Sampling 

5. A representative sheet shall be 
taken from each lot of 2000 lb. or frac- 
tion thereof and shall be tested to 
determine conformity with the require- 
ments of these specifications. In ad- 
dition, sheets may he subjected to indi- 
vidual visual inspection. If the sheets 
are of such thickness that the necessary 
test specimens cannot be obtained, the 
specimens may be cut from a sheet | 
in. in thickness prepared from the same 


of the Tentative Methods of Condition- 
ing Plastics and Electrical Insulating 
Materials for Testing (A. S.T.M. Desig- 
nation: D 618).^ 

{h) Test Conditions, --—Tesis shall be 
conducted in the standard laboratory 
atmosphere of 25- =b 1 C. (77 ±-2 F.) 
and 50 d: 2 per cent relative humidity, 
unless otherwise specified , in the testing 
methods or in these specifications., 

{c) Specific Gravity.— Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M., Designa-' 
tion: D 192) P 

(d) Tensile Strength— TentSitive 
M.ethod "of Test for Tensile Properties of 
Plastics (A.S.T.M. Designation: D 638).' ' 
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(e) Modulus of ElasHcity in Flexure . — 
Tentative Method of Flexural Test of- 
Plastics (A.S.T.M. Designation: D 790).^ 

(/) Impact Strength (I zod) . — Method A 
of The Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designations D 256).® The test speci- 
men shall have a milled notch. 

(g) Heat Distortion Temperature . — 
Tentative Method of Test for' Heat 
Distortion Temperature of Plastics (A.S. 
T.M. Designation: D 648),® using a fiber 
stress of 264 psi. 

{h) Deformation Under Load. — Tenta- 
tive Methods of Test for Deformation of 
Plastics Under Load (A.S.T.M. Designa- 
tion: D 621).® 

(i) Flammahility. — Standard Method 
of Test for Plammability of Plastics Over 
0.050 in. in Thickness (A.S.T.M. Desig- 
nation: D 6ZS)P 

(j) Index of Refraction. — Standard 
Methods of Test for Index of Refraction 
of Transparent Organic Plastics (A.S. 
T.M. Designation: D 542).® 

{k) Optical Displacement. — Standard 
Method of Test for Surface Irregularities 
of Fiat Transparent Plastic Sheets (A.S. 
T.M. Designation: D 637).®’ 

(Q Thermal Stability. — Tentative 
Method of Test for Short-Time Stability 
at Elevated Temperatures of Plastics 
Containing Chlorine (A.S.T.M. Designa- 
tion: D 793).® 

{m) Volume Resistivity. — Standard 
Methods of Test for Insulation Resis- 
tance of Electrical Insulating Materials 
(A.S:.T.M. Designations D 257).® 

(w) Water Absorption. — Standard 
Method of Test for Water Absorption of' 
Plastics (A.S.T.M. Designation: D 570),® 


using the ^^-hr. immersion .pro-cedure 
and test specimens | in. in thickness. - 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufl&cient for 
testing the sheet which has been sampled 
according to Section 5. The average 
result for the specimens tested shall con- 
form to the requirements prescribed in 
these specifications. All of the tests in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions. It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the material may be rejected at the 
option of the purchaser. Notice of 
failure of material based on tests made 
in accordance with these specifications 
shall be reported to the manufacturer 
within three weeks from the receipt of 
the material by the purchaser. 

Packing and Marking 

9. {a) PacUng.-~T\kt material shall be 
packed in standard commercial con- 
tainers, so constructed as to insure ac- 
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ceptance by common or other carriers number, and; surface finish of the ma- 
for safe transportation at the lowest rate terial, the size and quantity therein, as 
to the point of delivery, unless otherwise defined by the contract or order under 
specified in the contract or order. which shipment is made, the name of 

Q)) Marking . — Shipping containers the manufacturer and the number of 
shall be marked with the name, stock the contract or order. 


Tentative Specijicatio?ts for 
VINYL CHLORIDE-ACETATE RESIN MOLDING COMPOUNDS' 



A.S.T.M. Designation: D 728 - 44 T 

Issued, 1943; Revised, 1944.’ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover rigid 
molding compounds consisting of vinyl 
chloride-acetate resins of approximately 
86 per cent vinyl chloride content and 
the . necessary lubricants, stabilizers, 
dyes, pigments, and fillers, and suitable 
for injection molding. These specifica- 
tions do not cover special materials com- 
pounded for special applications. 

Note. — ^The properties included in these 
specifications are those required to identify 
the type of molding compound covered. There 
may be other requirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 

Type and Grades 

2. These specifications cover one type 
and three grades of rigid injection mold- 
ing compounds made from vinyl chloride- 
acetate resins. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee I)-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to in- 
sure anyone utilizing the specifications against liability 
for infringement of Letters Patent not assume any such 
liability, and such publication should not be construed 
as a recommendation of any patented or proprietary ap- 
plication that may be involved. 

* Revision accepted by Committee E-10 on Standards, 
August 28# 1944 


General Requirements 

3 . (a) The molding compounds shall be 
of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(6) The grade designation, color, and 
particle size of the molding compounds 
shall be as specified by the purchaser 
in the contract or order (Notes 1 and 2). 

Note 1. — ^Vinyl chloride - acetate resin mold- 
ing compounds are available in the following 
particle sizes: 

(1) Chips approximately f by | by i in., 

(2) All particles passing a lie-in. round-hole 
sieve, and 

(3) Ail particles passing a ^-in. round-hole 
sieve. 

Note 2. — The three grades of molding com- 
pounds covered by these specifications are avail- 
able in the following degrees of transparency or 
opacity: 

Grade 1. — Transparent clear or colors only, 

Grade 2. — ^Translucent or opaque colors only, 
and 

Grades. — Opaque colors only. 

Detail Requirements 

4. Test specimens molded under con- 
ditions specified by the manufacturer 
shaU conform to the requirements as to 
physical properties prescribed in Table I, 
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SampMng 

5. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Methods of Testing Molding Powders 
Used in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designation: 
D 392) of the American Society for Test- 
ing Materials.^ A batch of molding 
compound shall be considered as a unit 
of manufacture as prepared for shipment 
and may consist of a blend of two or 
more '^production runs” of material. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 


and SO ± 2 per cent relative humidity, 
unless otherwise specified in the test 
method or in these specifications. 

(c) Specific Method A of 

the Tentative Methods of Test for Speci- 
fic Gravity of Plastics (A.S.T.M. Desig- 
nation: D 192)? 

{d) Tensile Strength— Ttiiiduilvt 
Method of Test for Tensile Properties of 
Plastics (A.S.T.M. Designation: D 638).® 
(e) Impact Strength (/sioJ) .— Method A 
of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation : D 256)^ and the Tentative 
Method of Test for Impact Resistance of 


TABLE I.-DETAIL REQUIREMENTS FOR MOLDED TEST SPECIMENS. 



Grade 1 

Grade 2 

Grade 3 


1.30 

1.30 

1.30 

Specific gravity, 25/25 C. (77/77 * 

1.35 

1.40 

1.40 


7 500 

4 500 

S 000 

Impact strength fIzod),min., fat 25 C. f77 F.) 

0.25 

0.35 

0.35 

ft-lb. per in. of notch [at —40 C. (—4b F.) 

a 

a 

a 

•r*r 1 • t . i. ^ 

52 

52 

54 ' ' 

Heat distortion temperature at 264 psi. fiber stress, mm. 

125 

125 

130 

Deformation under load, max., per cent 

<» 

a 

■ tt 

Flammability 

b 

b 

b 

Thermal stability, max. , mg, HCl per g 

2 

2 

2 ■ 

Volume resistivity, min., ohm-cm 

1014 

1014 

1014 

Water absorption (24-hr. immersion), max. weight gain, per cent. 

0.15 

0.15 

0.15 



® To be specified at a later date. 
® Self-extinguishing. 


accordance with the following methods 
of the American Society for Testing 
Materials: 

{a) Conditioning Test Specimens . — 
For those tests where conditioning is re- 
quired, the molded test specimens of 
vinyl chloride-acetate resin plastics shall 
be conditioned in accordance with the 
Standard Procedure of the Tentative 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (A.S.T.M. Designation: D 618).^ 

(b) Test Conditions . — ^Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 rb 1 C, (77 dz 2 F.), 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Plastics at Subnormal and Supernormal 
Temperatures (A.S.T.M. Designation : 
D 758).® The test specimen | in. in 
thickness shall consist of four end-gated, 
injection-molded pieces i in. in thickness 
clamped together. 

(/) Heat Distortion Temperature.— 
Tentative Method of Test for Heat 
Distortion Temperature of Plastics (A.S. 
T.M. Designation: D 648),® using an 
end-gated, injection-molded specimen 5 
by I by I in., and using a fiber stress of 
264 psi. 

(g) Deformation Under Load.— Tm 
tive Methods of Test for Deformation of 
Plastics Under Load (A.S.T.M. Designa- 
tion: D 621).^ 
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(A) FtowwaWI%.-—Standard Method 
of Test for Flammability of Plastics Over 
0.050' in- in 'Thickness (A.S.T.M. Desig- 
'nation; D.635).^ 

(i) Thermal Stability r — ^Tentative 
Method of Test for Short-Time Stability 
at Elevated Temperatures of Plastics 
Containing Chlorine (A.S.T.M. Designa- 
tion: D 793). ^ : 

(i) Volume . Resistivity, — Standard 
Methods of Test for Insulation Resis- 
tance of Electrical Insulating Materials 
(A.S.T.M. Designation: D 257)/ using 
a compression-molded test specimen. 

(k) Water Absorption, — Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 
570)/ using the 24-hr. immersion pro- 
cedure and a compression-molded test 
specimen | in. in thickness. 

Humber of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions. It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 


required to make on each shipment for' 
identification of the material. 

Retest and Rejectidn 

8. If the results of any test do not' 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding compound may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the pur- 
chaser. 

Packing and Marking 

9. (a) Packing, — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure accep- 
tance by common or other carriers for 
safe transportation at the lowest rate to 
the point of delivery, unless otherwise 
specified in the contract or order. 

{b) Marking, — Shipping containers 
shall be marked with the name and stock 
number of the material, size, and the 
quantity contained therein, as defined 
by the contract or order under which 
shipment is made, the name of the manu- 
facturer and the number of the contract 
or order. 
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A.SXM. Designation: D 729 “ 44 T 
Issued, 1943; Eevised, 1944.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L These specifications cover thermo- 
plastic molding compounds composed of 
a copolymer of vinyl chloride and vinyl- 
idene chloride in the approximate ratio 
of 10 to 90, with suitable plasticizers, 
stabilizers, dyes, and pigments. The 
molding compounds are suitable for 
compression, injection, or extrusion 
molding. 


Note.^ — ^T he properties included in these 
specifications are those required to identify the 
types of molding materials covered. There 
may be other requirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion becomes 
generally desirable and the necessary test data 
and methods become available. 

Type and Forms 

2. These specifications cover one gen- 
eral-purpose type of vinylidene chloride 
material in the form of powder or pellets. 


^ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A,S. 
T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to in- 
sure anyone utilizing the specifications against liability 
for infringement of Letters Patent not assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved ' 

* Revisions accepted by Committee E-10 on Standards 
January 1, 1944, and by the Society at annual meeting, 
June, 1944. 


General Requirements 

3. (a) The material shall be of uni- 
form composition and so compounded 
as to conform to the requirements pre 
scribed in these specifications. 

ih) The form and color shall be as 
specified by the purchaser in the con- 
tract or order. 

Note. — Vinylidene chloride molding com- 
pounds are generally supplied in powder and 
pellet forms conforming to the following sieve 
analysis: 

Powder: 

retained on a No. 18 (1000 - micron) 

sieve not over 1 per cent 

Pellets: 

passing a No. 4 (4760 - micron) sieve 100 per cent 

Detail Requirements 

4. (a) Molding Compound— Tht 
compound covered by these specifica- 
tions shall conform to the following 
requirement: 

Viscosity of 2 per cent solution in ortho- 

dichlorobenzene at 120 C. (248 F.), 

min,, centipoises ...... 0.96 

(6) Molded Test Specimens —Xtsi 
specimens molded by injection under 
conditions specified by tlie manufacturer 
shall conform to the following require- 
ments as to physical and electrical 
properties: 
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Flow temperature. . - • % g; gj® 

Specific gravity, /min.... — 1.68 

^25/25C. (77/77 F.). . .tmax 1.75 

Tensile strength, min., psi . . — 4000 

Heat distortion temperature at 264 psi. 
fiber stress, rain. ............ .66 C. (150 F). 

Water absorption (24-hr. immersion), 
max. weight gain plus soluble matter 

loss, per cent. 0.1 

Dielectric strength, (short- time test 350 

min., v.^ per mil . . \step-by-step test .... 300 

Flammability. self-extin- 

guishing 

Impact strength (Izod), 

mm., ft-lb. per m. 25 c. ( 77 F.) 0.5 

lat -40C. (-40F.) 0.1 

Weight loss on heating (72 hr. at 82 C. 

(180 F.)), max., per cent. 2.0 


Sampling 

S. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Methods of Testing Molding Powders 
Used in Manufacturing Molded Electri- 
cal Insulators (A.S.T.M. Designation: 
D 392) of the American Society for 
Testing Materials.^ A batch of molding 
compound shall be considered as a unit 
of manufacture as prepared for shipment 
and may consist of a blend of two or 
more ‘^production runs’’ of material. 


, wise specified in the testing methods or 
in these specifications. 

{c) Viscosity of 2 per cent Solution,— 
The viscosity of the 2 per cent solution 
shall be determined as foEows: 

(i) Apparatus. — ^The apparatus shall 
consist of the foUowing: Series 50 modi- 
fied Ostwald viscosimeter conforming to 
the requirements prescribed in Table IV 
of the Tentative Method of Test for 
Kinematic Viscosity (A.S.T.M. Desig- 
nation: D 445)/ source of compressed 
air, constant-temperature oil bath accu- 
rately maintained at 120 C. (248 F.), 
small oil bath, 5-mL pipette, 1-oz. wide- 
mouth bottle, and stop watch or timer* 
{2) Reagent. — The ortho-dichloro- 

benzene used for preparing the 2 per cent 
solution shall be the grade containing 
96 to 99 per cent of ortho-dichloro- 
benzene and 1 to 4 per cent of para- 
dichlorobenzene and conforming to the 
foEowing requirements: 

A.S.T.M. 

Limit Method 


Specific grav- /max 

ity, 20/4 C. [rain 1.305/ 


Distillation range (first drop 

/D9 tO 180 . 7 C- \ 
to dry point) \354.2to3S7.3 F./ 

Freeang /max.-17.2 C. (+1F.) \ 
point \min. —18.6 C.(— 1.5 F.)j 


D 268 ^ 
D86*» 


Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials: 

(a) Conditioning T est Specimens , — 
Molded test specimens of vinylidene 
chloride are not sensitive to humidity 
but shall be conditioned for at least 48 
hr. at 25 ± 1 C, (77 di 2 F.) prior to 
testing, unless otherwise specified in the 
testing methods or in these specifications. 

(b) Test Conditions,— Tests shall be 
conducted in a laboratory atmosphere 
of 25 ± 1 C. (77 db 2 F.), unless other- 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


® Standard Methods of Sampling and Testing Lacquer 
Solvents and Diluents (A.S.T.M. Designation: D 268).^" 

^ Standard Method of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86).^^ 

Freezing point shall be determined as follows: Use a 
thick walled test tube having a side tube and fitted into a 
slightly wider jacket.^ Place the tube and jacket in a 
covered jar filled with a freezing mixture. Pour a sample 
of the ortho-dichlorobenzen^ in the inner test tube ^ and 
close the test tube with a cork stopper containing a stirrer 
and a thermometer. The thermometer shall nave sub- 
divisions and an accuracy of 0.1 C. in the approximate 
range —25 to —15 C. and should be calibrated by compari- 
son with a standard thermometer. Regulate the tempera- 
ture of the freezing mixture to not more than 5 C. oelow 
the expected freezing point of the sample. Remove the 
test tube from its jacket and immerse it in the freezing 
mixture until the sample begins to freeze. Replace the 
test tube in its jacket and stir the sample vigorously. 
As the sample solidifies, the temperature will rise until 
the true freezing point is reached and then it will remain 
constant. Record this temperature as the freezing point 
of the sample. 

(J) Prepaeation of 2 per cent 
Solution. — ^Weigh 0.2663 g. of the sam- 

* 1946 Book of A.S.T.M. Standards* Part III-A. 

1946 Book of A.S.T.M. Standards, Part II, 

6 The Beckman apparatus, described in Fhystk, Chem.^ 
Part II, p. 683 (1888), has been found satisfactory. 


J 
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pie Mto 'tlie: wide-mouth add ■ 

lO mL of ortho-dicMorobeazene to make 
a 2 per cent solution of polymer. Heat 
in' tlie small oil bath with constant stir- 
ing to about 165 C. (329 F.) until all of 
the test sample has dissolved. If too 
much heat is applied, the test sample will 
decompose, which is indicated by a dark 
coloration, and the viscosity obtained 
will be bw. 

(4) Procebijre. — Clean and dry the 
viscosimeter, and suspend it in the 
constant-temperature bath for a suffi- 
cient time to reach bath temperature. 
Preheat the pipette and then transfer 
5 ml of the hot 2 per cent solution to the 
viscosimeter, using a piece of cotton over 
the tip of the pipette for a filter. Force 
the solution up the capillary above the 
upper mark, using compressed air, and 
then allow it to drain down through the 
capillary. Again force the solution up 
the capillary just above the upper mark 
using compressed air, allow it to drain 
down, and measure the time interval 
for the meniscus to pass from the upper 
to the lower mark, using the stop watch 
or timer. Repeat this operation three 
times and average the three measure- 
ments of efflux time. The three meas- 
urements should agree within 1 sec. 
Since the solution solidifies upon cooling, 
the viscosimeter should be removed 
from the bath and boiling ortho-dichloro- 
benzene immediately forced through the 
capillary to remove all of the solution. 

Two check tests shall be conducted on 
each 2 per cent solution in two separate 
viscosimeters, and the results should 
agree within 0.01 centipoises. 

(5) CALCULATiONS.—The kinematic 
viscosity of the 2 per cent solution shall 
be calculated in accordance with the 
provisions of Tentative Method D 445,^ 
Appendix, Section A7, and the results 
in centistokes shall be converted to 
centipoises as follows: 

Viscosity in centipoises = 5 X F 


where: 

s = specific gravity of 2 per cent solu- 
tion, and 

V =, kinematic viscosity of. 2 per cent, 
solution in centistokes. 

(d) Flow ' Temperature. — Tentative, 
Method of Test for Measuring the Flow 
Properties of Thermoplastic Molding 
Materials. (A.S.T.M. Designation:, 
D 569).^ 

(e) Specific Gravity. — Method A of the 
Tentative Methods of Test for Specific 
Gravity of' Plastics (A.S.T.M. Designa- 
tion: D 792).® 

(/) Tensile Strength. — -Tentative 
Method of Test for Tensile Properties 
of Plastics (A.S.T.M. Designation: 
D 638),^ using a speed of testing of 0.25 
in. per min. 

(g) Heat Distortion Temperaiure.— 
Tentative Method of Test for Heat 
Distortion Temperature of Plastics 
(A.S.T.M. Designation: D 648),® using a 
fiber stress of 264 psi. 

{h) Water Absorption . — Standard 
Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: 
D 570),® using the 24-hr. immersion. 

(i) Dielectric Strength. — Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149),® using test 
specimens fin. in thickness and im- 
mersed in oil. 

(j) Flammability. — Standard Method 
of Test for Flammability of Plastics 
0.050 in. and Under in Thickness (A.S. 
T.M, Designation: D 568).® 

%) Impact Strength {Izod).—M.eth.oA 
A of the Tentative Methods of Test for 
Impact Resistance of Plasties and Elec- 
trical .. Insulating, . Materials (A.S.T.M. 
Designation: D 256)® and the Tentative 
Method of Test for Impact Resistance of 
Plastics at Subnormal and Supernormal 
Temperatures (A.S.T.M. Designation: : 
D 758).® 
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(l) Weight Loss on 'HeaHng , — Test 
specimens 3 by 1 by | in. shall be con- 
ditioned for 48 hr. over anhydrous cal- 
cium chloride at 25 rb 1. G. (77 diz 2 F.), 
The specimens shall be weighed and then 
placed in a circulation air oven for 72 hr. 
at.82,± 1 C, (180 d= 2 F.). The speci- 
mens shall be supported flatwise on a 
screen in the oven. Upon removal from 
the oven, the specimens shall be cooled 
in a desiccator over anhydrous calcium 
chloride to 25 zb 1C. (77 zb 2 F.). 
The specimens shall then be weighed and 
the percentage weight loss on heating 
calculated on the basis of the condi- 
tioned weight. 

Humber of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions., It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
identification of the material. 


Retest 'and Rejectioii 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding material may be 
rejected at the option of the purchaser. 
Any rejections based on tests made in 
accordance with these specifications shaU 
be reported to the manufacturer within 
three weeks from the receipt of the ma- 
terial by the purchaser. 

Packing and Marking 

9. (a) Packing , — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at thb lowest rate 
to the point of delivery, unless otherwise 
specified in the contract or order. 

(6) Marking , — Shipping containers 
shall be marked with the name of the 
material, form, and^ quantity contained 
therein, as defined by the contract or 
order under which shipment is made, 
the name of the manufacturer, and the 
number of the contract or order. 


Tentati ve Speciji cations for 


NGNRIGID VINYL CHLORIDE-ACETATE RESIN PLASTICS' 



A,S.T.M. Designation: D 742 - 46 T 

Issued, 1943; Revised, 1944, 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
niittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover trans- 
parent, translucent, and opaque non- 
rigid plastics consisting of vinyl chloride- 
acetate resins of approximately 95 per 
cent vinyl chloride content and the 
necessary plasticizers, lubricants, sta- 
bilizers, dyes, pigments, and fillers. 
These specifications do not cover special 
materials compounded for special ap- 
plications. 

Note. — ^The properties included in these 
specifications are those required to identify the 
types and grades of nonrigid plastics covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Types and Grades 

2. These specifications cover three 
types and ten grades of nonrigid vinyl 
chloride-acetate resin plastics, the grades 
being classified in accordance with their 
hardnesses at 25 C. (77 F.), as shown in 
Table I. 

1 Under the standardissation procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for in- 
fringement of Letters Patent nor assume any such liabil- 
ity, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

* Latest revision accepted by the Society at annual 
meeting, June, 1946. 


A low-temperature classification of these 
materials is also shown in Table I. 


TABLE I.-TYPES AND GRADES OF NONRIGID 
VINYL CHLORIDE-ACETATE RESIN PLASTICS. 

NoTE.—Tlie hardness values and low- temperature 
classifications in this table are included in these specifica- 
tions for purposes of classification only and are not spe- 
cific requirements to be met. 


Type 

Grade 

Durom- 

eter 

Hard- 

ness" 

A.S.T.M. 

Hard- 

ness® 

Low- 

Temper- 

ature® 

Classifi- 

cation 

I. Unfilled f 

1. . . 

90 ± 10 


N 

(Plasti- 

2. . . 

90 10 



cizecl 

3. . . 

a 


d 

with di- 

4. . . 

80 ± 10 


N 

octyl 

S. . . 

70 dr 10 


F 

phthalate 
or equiv- 
' alent) 

6. . . 

60± 10 

ta 

u 

<u 

F 

11. Cold resist-/ 

7. .. 

70 ± 10 

cs 

F ■' 

ant \ 

a. . . 

70 d= 10 

eS 

: FF 

III. Filled (plas- 

9. . . 

70 ± 10 

tJ 

i 

ticized 
with di- 
octyl 
phthalate 
or equiv- ’ 
alent and 
contain- 
ing an in- 
ert filler) . 

10 . . . 

60 ± 10 

I 

-a 

te 

0} 

ja 

^ . 

d 


® Tentative Method of Test for Indentation of Rubber 
by Means of the Durometer (A.S.T.M. Designation: D 
676).3 

® Standard Method of Test for Hardness of Rubber 
(A.S.T.M. Designation: D 314).3 

®A low- temperature classification of FF indicates 
that the material does not fail at —70 F., a classification 
of F indicates that the material does not fail at —40 F., 
and a classification of N indicates that the material fails 
at —40 F. when tested in accordance with the Tentative 
Method of Test for Low-Temperature Brittleness of 
Rubber and Rubber-Like Materials (A.S.T.M. Designa- 
tion; D 736). a 

“ To be added at a later date. 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Note.— Tlie physical properties of these non- 
rigid vinyl chloride-acetate resin plastics are 
chiefly dependent upon the kind and quantity of 
plasticizers and fillers used. A series of com- 
pounds with widely difiering properties can be 
produced. The selection of types and grades for 
these specifications is arbitrary, but those shown 
in Table I represent the general purpose com- 
positions. 

General Requirements 

3. (a) The material shall be of uni- 
form composition and so compounded 
as to conform to the requirements pre- 
scribed in these specifications. 

(b) The color, transparency or opacity, 
form, and size shall be as specified by the 
purchaser in the contract or order. 

Note. — Nonrigid vinyl chloride-acetate resin 
plastics are available in the following forms: 

In a granulated or diced form suitable for 
feeding to extrusion or injection molding 
machines. 

In rolls of tape 3| ± i in. in width and 
0.035 ± 0.005 in. in thickness suitable for 
feeding to extrusion machines. 

In the form of sheeting supplied in rolls 10 
to 13f in. in diameter, wound on hard paper 
cores. Thicknesses and widths of sheeting 
are available as follows: 

Thickness, in. Width, in. 

0.004 48 

0.008 48 

0.020 36 

0.03S 36 

0.040 36 

(c) The average thickness of the sheet- 
ing shall be within db 10 per cent of the 
specified thickness. 

(d) The nonrigid vinyl chloride-ace- 
tate resin plastic tape and sheeting cov- 
ered by these specifications shall have a 
calendered surface. 

(e) Chemical Resistance, The re- 
sistance of the material to specific 
chemicals shall be as specified by the 
purchaser in the contract or order. In 
general, the effect of chemicals should 
be determined in accordance with the 
Standard Method of Test for Resistance 
of Plastics to Chemical Reagents (A.S. 
T.M. Designation: D 543),^ using the 
test for stiffness, tensile strength, or 


any other physical property included in 
these specifications to evaluate the 

effects. 

Detail Requirements 

4. Test specimens, cut from sheet 

material molded under conditions speci- 
fied by the manufacturer, shall con- 
form to the requirements as to physi- 
cal and electrical properties prescribed 
in Table IL ^ 

Sampling 

5. The material shall be sampled in 
accordance with the sampling procedure 
described in the Standard Methods of 
Testing Molding Powders Used in Man- 
ufacturing Molded Electrical Insulators 
(A.S.T.M. Designation; D 392)® where 
applicable; otherwise a sufficient sample 
shall be taken from each batch of mate- 
rial to be tested to establish conformance 
with these specifications. A batch shall 
be considered as a unit of manufacture 
as prepared for shipment, and may con- 
sist of a blend of two or more “production 
runs” of material. Unless otherwise 
specified, tests need not be run on more 
than one batch in every 1500 lb. of mate- 
rial. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Test Specimens , — Test specimens 
shall be cut from sheets 0.075 dz 0.010 in. 
in thickness, molded by compression 
under conditions specified by the manu- 
facturer. Specimens shall be of the 
shape and dimensions specified in the 
individual test methods. 

{h) Conditioning Test Specimens , — ■ 
For those tests where conditioning is re- 
quired, the test specimens of nonrigid 
vinyl chloride-acetate resin plastics shall 
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be conditioned in accordance with the 
Standard Procedure of the Tentative 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
. ing (A.S.T.M. Designation: D 618).^ 
For tests in other than the Standard 
Laboratory Atmosphere, reference like- 
wise shall be made to Methods D 618. 


(e) Tensile Strength and Elongation at . 
Rupture. —StmddLid / Methods of Ten- 
sion Testing of 'Vulcanized Rubber ,(A.S. 
T.M. Designation: D 412),^ using die C. 

. ' (/) Stiffness . — Tentative Method : of. 
Test for Stiffness in Flexure of Non- 
rigid Plastics (A.S.T.M. Designation: 
D 747).® 


TABLE II.— detail REQUIREMENTS FOR NONRIGIB VINYL CHLORIDE-ACETATE RESIN PLASTICS. 




Type I 



Type II 

Type HI 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1.29 

1.26 


1.24 

1.22 

1.19 

1.22 

1.21 

1.45 

1.40 

1.24 

1.22 


1.19 

1.17 

1.15 

1.17 

1.15 

1.41 

1.36 

3 000 

2 600 


1 800 

1 400 

1 000 

1 400 

1 400 

1 000 

1 000 

250 

300 


330 

360 

360 

330 

330 

250 

250 

5 500 

2 300 


1000 

600 

400 

750 

800 

900 

600 

2 300 

1000 


600 

400 

250 

300 

350 

700 

450 

500 000 

350 000 


250 000 

170 000 

60 000 

130 000 

40 000 

130 000 

90 000 

550 000 

500 000 


450 000 

400 000 

300 000 

300 000 

100 000 

400 000 

360 000 

500 

400 

d 

300 

200 

100 

200 

170 

190 

170 

18 

-22 

1 

-28 

-33 

-38 

-54 

-62 

-29 

-29 

0 

-8 

M 

■ji 

-18 

-27 

-36 

-65 

-80 

-20 

-20 

0.30 

0.40 

o5 

’xi 

0.50 

0.60 

0.70 

0.60 

1.00 

0.50 

0.90 

0.10 

0.12 


0.15 

0.18 

0.20 

0.25 

0.25 

0,10 

0.20 

0.3 

0.4 

A) 

0.5 

0.6 

0.7 

0.6 

0,6 

0.35 

0.35 



5 . 

a 

0.1 

0.2 

0.3 

0.3 

0.15 

0.25 

1.5 

1.7 


1.9 

2.2 

2.4 

2.4 

2.8 

0.55 

0.65 

30 

30 


30 

30 

30 

35 

40 

30 

30 

2 

2 


2 

2 

2 

6 

7 

3 

■ 3,. 

4 

4 


4 

4 

4 

10 

12 

5 

5 

2 

2 


2 

2 

2 

2 

2 

2 

■ '2 


Stiffness, 

max., 

psi. 


Specific gravity, /max... 
25/25 C, (77/77 F.)\minv . 

Tensile strengtli, min., psi. 

Elongation at rupture, mm.,| 

per cent 

'at 25 C. /max.,.! 

(+77 F.)lmin,.. 
at -40 C. (-40 

F.) 

at -57 C. (-70 
, F.) 

Tear resistance, min., lb. per 

BrftSe 

temperature, 
max.. 

Water absorp- 
tion, max., 
per cent 


deg. Cent — 
deg.Fahr.... 

'weight gain 
plus solu- 
ble matter 

loss 

soluble mat- 
. terlo.ss.... 


0 .020 in. thick 
0.040 in. thick 


Flammability 
(burning 
rate), max., 
sq. in. per 
sec, . 

Weight loss on heating (72 hr. 
at 82 C. (180 F.) ) max., per 

cent 

Increase in stiffness at 25 C. 
(77 F.) after heating, max., 

per cent 

Increase in [ 

dee Cent 

temperature ■ 

after heat- d^g.^ahr.,.. 
ing, max. [ 

Thermal stability 


“ SelLextinguishing. 

(c) Test Conditions.—Ttsis shall be 
conducted in a standard laboratory 
atmosphere of 25 ± 1 C. (77 dz 2 F.) and 
50 ± 2 per cent relative humidity, un- 
less otherwise specified in the testing 
methods or in these specifications. 

(d) Specific Gravity . — ^Method A of 
the Tentative Methods of Test for 
Specific Gravity of Plastics (A.S.T.M. 
Designation: D 792).^ 


(g) Tear Resistance. — Standard 
Method of Test for Tear Resistance of 
Vulcanized Rubber (A.S.T.M. Designa- 
tion: D 624),^ using die .F, 

{h) Brittle Temperaime.—Tmtd.dvt 
Method of Test for Brittle Tempeiature 
of Plastics and Elastomers (A.S T.M 
Designation: D 746).® 

{%) Water Absorption.’StmdSiid 
Method of Test for Water Absorption 


771 


Nonrigii) VmYL ,Chlori0e-Acexate' Plastics (D742 ~ 46 T) 


of Plastics (A.S.T.M.^ Designation: D 
570),^ using test specimens ,0.075 in. 
in thickness , and the 24»lir. immersion ' 
procedure. The percentage of -water 
absorbed which is gain in weight plus 
soluble matter lost,: and the percentage 
of soluble matter as determined by this 
method shall be reported. 

(j) Flammability, ~ Standard Method 
of Test for Flammability of Plastics 
0.050 in. and Under in Thickness 
(A.S.T.M. Designation: D 568),® using, 
test specimens 0.020 and 0.040 in. in 
thickness. 

{k) Weight Loss on EeaMng, — ^Test 
specimens 1 by 5 by 0,075 in. shall be 
heated for 72 hr. at 82 ± 1 C. (180 ± 

2 F.) in a forced circulation air oven. 
The specimens shall be placed on a 
smooth, horizontal, chromiuimplated 
surface and shall be turned over after 
48 hr. of exposure. Specimens shall be 
conditioned for 48 hr. in air at 25 d= 1 C. 
(77 zh 2 F.) and 50 d= 2 per cent relative 
humidity before weighing both before 
and after heating. The loss of weight 
shall be calculated as a percentage of the 
original weight. 

{1) Stifness After Heating, — Stiffness 
in flexure at 25 C. (77 F.) after heating 
shall be determined in accordance with 
the method referred to in Paragraph (/), 
using specimens cut from those heated 
and reconditioned as described in Para- 
graph {k). The increase in stiffness at 
25 C. (7f F.) after heating shall be cal- 
culated as a percentage of the original 
value obtained for the stiffness in flexure 
as determined in accordance with Para- 
graph (/). 

{m) Brittle Temperature After Heating, 
—Brittle temperature after heating shall 
be determined in accordance with the 
method referred to in Paragraph {h), 
using specimens cut from those heated 
and reconditioned as described in Para- 
graph {k). The increase in brittle tem- 
perature after heating shall be cal- 


culated as the difference in degrees 
Centigrade or Fahrenheit ' between the 
brittle temperatures before and after 
heating, 

{n) Thermal Tentative 

Method of Test for Short-Time Stability 
at Elevated Temperatures of Plastics 
Containing Chlorine (A.S.T.M. Designa- 
tion: D 793).® 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufflcient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 
tions. It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be 
repeated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of material may be rejected 
at the option of the purchaser. Notice 
of failure of material based on tests made 
in accordance with these specifications 
shall be reported to the manufacturer 
within three weeks from the receipt of 
the material by the purchaser. 
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Packing and MarMng . 

9. {a) Packing / — The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest 
rate to the point of delivery, unless other- 
wise specified in the contract or order. 


(b) Marking. — Shipping containers 
shall be marked with the name of the 
material, type, grade, and the quan- 
tity contained therein, as defined by the 
contract or order under; which shipment 
is made, the name .of the manufacturer, 
and the number of tlie contract or order. 


Tentative Specifications for 

NONRIGID ETHYL CELLULOSE PLASTICS^ 



A.S.T*M* DesignatioE: D 743“-44 T 

Issued, 1943; Revised, 1944 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover nonrigid 
plastics consisting of ethyl cellulose and 
the necessary plasticizers, dyes, pig- 
ments, fillers, and other ingredients, 
compounded to produce a thermoplastic 
composition suitable for injection, com- 
pression, or extrusion molding. These 
specifications do not cover special mate- 
rials compounded for special applica- 
tions. 

Note.— "The properties included in these 
specifications are those required to identify the 
types and grades of nonrigid plastics covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Types and Grades 

2. These specifications cover two types 
and six grades of nonrigid ethyl cellulose 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for in- 
frijQg^cixicnt Letters nor s^ssnutie Eny such 

and such publication should not be construed as a recom- 
mendation of any patented or proprietary application that 
may be involved. 

2 Revision accepted by the Society at annual meeting, 
June, 1944. 


plastics as shown in Table I. The hard- 
ness values at 25 C. (77 F.) and a low- 
temperature classification of these mate- 
rials are also shown in Table I. 


TABLE I.—TYPES AND GRADES OF NONRIGID 
ETHYL CELLULOSE PLASTICS. 

Note.— The hardness values and low- temperature 
classifications in this table are included in these specifi- 
cations for purposes of classification only and are not 
specific requirements to be met. 


Type 

.Grade ^ 

Barom- 

eter 

Hard- 

ness" 

! 

A.S.T.M,. 

Hard- 

ness^' 

Low- 
Temper- 
ature 
Classifi ■ 
cation® 

f 

1. .. 

80 db 10 

46 ± 22 1 

K ; 

I. Molding 

2 . . . 

70 ± 10 

: 68 ±,^22 ! 

F 

1 

3. . . 

90 ± 10 

23 ± 22 .. 

. ■ FF' : ■■ 

f 

4. . 

70± 10 i 

68 ± 22 

■' ■ ¥ 

11. Extrusion. . . .( 

5. . . 

70 ±10 ; 

68 ± 22 

N , 

1 

. . 1 

80 ± 10 

46 ± 22 



® Tentative Method of Test for Indentation of Rubber 
by Means of the Durometer (A.S.T.M. Designation: 
D676).3 

® Standard Method of Test for Hardness of Rubber 
{A.S.T.M. Designationi D 314).2 

® A low-temperature classification of FF indicates 
that the material does not fail at —70 F., a classification 
of F indicates that the material does not fail at —40 P',, 
and a classification of N indicates that the material fails 
at —40 F. when tested in accordance with the Tentative 
Method of Test for Low-Temperature Brittleness of 
Rubber and Rubber-Like Materials (A.S.T.M. Designa- 
tion: D 736). « 


3 Appears in this publication, ^see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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NoiE.— The physical properties ■ of .these- non- 
rigid ethyl cellulose plastics are chiefly dependent 
upon the kind and quantity of plasticizers and 
fillers used. A series of compounds with small 
differences in properties can be produced. The 
selection of types and grades for these speci- 
fications is arbitrary. 

General Requirements' 

3. (a) The material shall be of uni- 
form composition and so compounded as 
to conform to the requirements pre- 
scribed in these specifications. 


mined in accordance with the Standard 
Method of Test for Resistance of. Plas- 
tics to Chemical Reagents (A.S.T.M. 
Designation: D 543),^ using the test' for 
stiffness, ' tensile strength, or any other 
physical property included in these 
specifications to evaluate tlie effects. 

Detail Reqmrements 

4. Test specimens, either cut from 
sheet material or molded under condi- 
tions specified by the manufacturer, 


TABLE II.— DETAIL REQUIREMENTS FOR NONRIGID ETHYL CELLULOSE PLASTICS. 


Type I 


Type II 


Specific gravity, 25/25 C. (77/77 F.), max 

Tensile strength, min., psi 

Elongation at rupture, min., per cent 

fat 25 C. (-f77F.) 

Stiffness, max,, psi. i at —40 C. (—40 F.) 

[at -57 C. (-70 F.) 

Tear resistance, min., Ib. per in 

Brittle temperature, max ’ 

Water absorption, jain^p.ue solu^ 

per cent (soluble matter loss 

Deformation under load of 100 /at 50 C. (122 F.) .... 

psi,, max., per cent t^-t 70 C. (158 F.) 

Flammability (burning rate), max,, sq. in.' per sec. 

(specimen 0.040 in. thick). 

Weight loss on heating (72 hr. at 82 C. (180 F.)) max., 

per cent, 

Increase in stiffness at 25 C. (77 F.) after heating, 

max., per cent. 

Increase in brittle temperature after heating, 
mnY /deg. Cent... 

Ideg.Fahr... 

Tensile strength after heating, min,, psi 

Thermal stability 

Dielectric strength (short-time teat), min., v. per mil. I 


Grade 1 

Grade 2 

Grade 3 

Grade 4 

Grade 5 

Grade 6 

1.14 

1.20 

1.20 

1.14 

1.20 

1.20 

1400 

400 

1 800 

600 

200 

800 

80 

70 

70 

60 

30 

60 

2 000 

2 500 

2 500 

1500 

2 000 

2 000 

75 000 

SO 000 

90 000 

70 000 

50 000 

65 000 

iso 

UQ 

iio 1 

80 

70 

ioo 

-25 

-20 

-57 1 

-25 

-IS 

-40 

-13 

-4 

-70 

-13 

+5 

-40 

1.5 

1.5 

I 2.8 1 

1,7 1 

3.0 

2,8 

0.2 

0.2 

0.3 1 

0.2 

0.2 

0.3 

20 

25 

! 20 

20 1 

40 

25 

40 

45 

1 40 

40 ! 

80 

50 

0.7 

0.7 

1,0 

. 0.7' 

0.7 

1.0 

2.0 

2.0 

2.5 

2.5 

4.5 

2.5 

50 

40 

i'" 40 

35 

25 

40 

$ 

8 

6 ' 

8 

8 

6 

15 

15 

, 10 

15 

15 

1 10 

1 050 

300 


450 

150 



* 1 UV/V/ I ... } I J1.3U I ... 

Ail samples shall be homogeneously soluble and shall have a 
viscosity of at least 18 centipoises. 

To be specified at a later date. 


(6) The color, transparency or opac- 
ity, form, and particle size shall be ,as 
specified by the purchaser in the contract 
or order. 

Note, — ^Nonrigid ethyl cellulose plastics 
are available in the following forms : 

Type I. Molding: granular sizes of J to 
i in. ' 

Type II. Extrusion: granular sizes of | to 
I in., or cut slabs from mixing rolls. 

(c) Chemical Resistance , — The resist- 
ance of the material to specific chemicals 
shall be as specified by the purchaser 
in the contract or order. In general, 
the effect of chemicals should be deter- 


shall conform to the requirements as to 
physical and electrical properties pre- 
scribed in Table II. 

Sampling 

5. , The material shall be sampled in' 
accordance with the sampling procedure; 
described in the Standard Methods of 
Testing Molding Powders Used in Manu- 
facturing Molded Electrical Insulators 
(A.S.T.M. Designation: D 392)® /where 
applicable; otherwise a sufficient sample 
shall be taken from each batch of mate- 
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rialto be tested to establish coM ' (/) Stifness— Tentative of 

with these specifications. ' A batch shall Test for Stiffness in Flexure of Nonrigid 
be considered as a unit of : manufacture Plastics (A.S.T.M. Designation:;’ '3 
as prepared for shipment, and may con- : 747) ^ 

sist of a blend of two or more ^ production (g) Tear Resistance . ' ~ Standard 

runs”, of material.' Method of Test for Tear Resistance of 

Methods of Testing , Vulcanized,Rubber.(A.S.T.M. Designa- 

„ 6.' The properties enumerated in these , D 'd24),^ .using.die 5. 
specifications ./shall be determined in ' ' W ■ Temperature.— 

accordance with the following methods Method of Test for Brittle Temperature 
of the American Society : for: Testing of. Plasties and Elastomers (A.S.T.M. 
Materials: Designation: D 746). / // 

{a) ^ Test Specimens .— specimens ■ ' Water ■ Standard 

shall be cut from sheets compression - ^ Test for Water^ Absorption 

molded from the material, or shall: be ; .^Designation: D 

raolded by compression under conditions : 570),,^ using , test specimens 1 ■ by fi:' by 
specified by the manufacturer. 'Sheets 0^f>75: in. and the 24-hr. immersion pro- 
so tested .shall be ,0.075 i 0.010 in. in ' cedure. ., - The percmtage. ,of, .water .ab- 
thickness, ■ unless othenvise specified, sorbed .which , is gain in weight .plus.., sol- 
and test specimens shalibe of the shape .^^le matter.;lost and the .percentage of 
and dimensions ..specified in the. .indi- ' -soluble.’ matter as,, .determined , by, .this, 
vidiial test methods. , method .shall be reported. 

(&) Conditioning Test Specimens . — . Deformation Under Load.-—Tmt^- 
For those tests where conditioning is re- Methods of Test for Deformation of 
quired, the lest sf)cc:imens of nonrigid Plastics Under Load (A.S.T.M. Designa- 
ethyl cellulose plastics shall be condi- ^ 621),^ loading unconditioned 

tioned in accordance with the Standard specimens at 100 psi. for 3 hr. at the 
Procedure of the Tentative Methods of required temperature. . 

Conditioning Plastics and Electrical In- ■ ■ . flammability. StmdMd Method, 
sulating Materials for Testing (A.S.T.M. Test for Flammability of Plastics 
Designation: I) 618);^ For tests in other 0.050 in. and Under in Thickness (A S. 
than the Standard. .Laboratory Atmos-- T.M. Designation: D ..568), ^ using only 
phere,. refe,ren,ce likewise shall be, made. specimens 0.040 in. in thickness. : 
to Metho.ds D 618. {1) Weight Loss on . Heating— Test 

. ’ (c) ,. Test. ^ , shall ' be specimens 1 ^ by 5. by 0.075, in. . shall be 

conducted, in a standard laboratory at- heated for 72 .hr. at 82, dz. 1 G. (180 rt 
mosphere of 25 d= 1C. (77 ± 2 F.) and 2' T.) 'in a forced circulation air oven. 
SO db 2 per cent relative humidity, unless ' The specimens shall ■ . be placed on a 
otherwise specified in the testing methods smooth, horizontal,, chromium-plated 
or in these specifications. surface .-and shall be turned over after 

fd) Specific Gramty —^ A of 48 hr. of exposure. Specimens shall be 
the Tentative Methods of Test for conditioned for 48 hr. m air at 25 
Specific Gravity of Plastics (A.S.T.M.- (77 i 2 F.) and 50 d=. 2 per cent relative 

Designation; D 792).'^ ’ humidity before; weighmg both before 

{e) Tensile Strength and Elongation at and after heating. The loss of weight 
Standard Methods of Ten- shall be calculated as a percentage of 
sion Testing of Vulcanized Rubber (A.S. the original weight. ^ 

T.M. Designation: D 412), F using die C. (^) Heamgr-^maess 
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in flexure at 25 C. (77 F.) . after beating 
shall be determined in accordance with 
the method referred to in Paragraph (f), 
using specimens cut from those heated 
and reconditioned as described in Para- 
graph (/). The increase in stiffness at 
25 C. (77 F.) after heating shall be 
calculated as a percentage of the original 
value obtained for the stiffness in 
flexure as determined in accordance 
with Paragraph (/). 

(?^) Brittle Temper ahire After Heat- 
ing— Brittle temperature after heating 
shall be determined in accordance with 
the method referred to in Paragraph (A), 
using specimens cut from those heated 
and reconditioned as described in Para- 
graph (/). The increase in brittle tem- 
perature after heating shall be calculated 
as the difference in degrees Centigrade 
or Fahrenheit between the brittle tem- 
peratures before and after heating. 

(o) Tensile Strength After Heating . — ■ 
Tensile strength after heating shall be 
determined in accordance with the 
method referred to in Paragraph («), 
using specimens cut from those heated 
and reconditioned as described in Para- 
graph (/). 

{p) Thermal SiabilUy.—hiter initial 
conditioning and heating the material 
for 72 hr. in accordance with the method 
described in Paragraph (/), a test speci- 
men weighing 7.5 zb 0.1 g. shall be 
brought to room temperature in a desic- 
cator filled with CaCh. The specimen 
shall be placed in a wide- mouth 8-oz. 
bottle, and dissolved in 92.5 g. of a sol- 
vent of 80 parts by weight of toluol and 
20 parts by weight of 95 per cent ethanol. 
After being tumbled overnight in a 
shaker at a speed of 6 to 10 rpm., the 
solution shall be examined for homo- 
geneity. If noncolloided portions do 
not appear, the solution shall be brought 
to thermal equilibrium by holding it in 
a water bath at the test temperature for 
at least 1 hr. The viscosity of the 


solution in centipoises at 25 G., .(77 F.) 
shall be determined ' by any acceptable 
method. The following^ procedures are 
recommended: 

Standard Method of Test for Viscosity 
by Means of the Saybolt Viscosimeter 
(A.S.T.M. Designation:. B 88), except 
that the efHux time in seconds, shall be 
converted to centipoises by the following 
formula: 

Viscosity in centipoises « 

-t] 

where: 

s = specific gravity of the solution, and 
t = efflux time in seconds. 

Tentative Method of Test for Kine- 
matic Viscosity (A.S.T.M. Designation: 
D 445),'^“ using Method B and the series 
300 modified Ostwald viscosimeter, ex- 
cept that the result in centistokes shall 
be converted to centipoises by the fol- 
lowing formula: 

Viscosity in centiposies =» X F 

where : 

5 = specific gravity of the solution, and 
V = kinematic viscosity in centistokes. 

Note. — Since the strength, and toughness of 
these plastics depends, upon having an ethyl 
cellulose of sufficiently high molecular weight, it 
is advisable to carry out this test to ensure that 
degraded material does not develop upon use. 

(g) Dielectric Strength. — Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M, Designation: D 149),® using the 
short-time test in oil with a test speci- 
men 6 by 6 by 0.075 in. 

Number of Tests 

7. One. set of .test specimens as„„pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered : sufficient for 


100 X ^ X (0.0022 X /) 
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testing each batch. The average result 
for the specimens tested shall conform 
with the limits prescribed in these speci- 
fications. All of the tests listed in Sec- 
tion 6 shall be used to establish conform- 
ity of a material to these specifications. 
It is., recommended that routine inspec- 
tion be limited to those tests required 
to identify the material to the satisfac- 
tion of the purchaser. The purchaser 
shall state in the contract or order the 
tests which the manufacturer will be re- 
quired to make on each shipment for 
identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be 
repeated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 


the batch of molding material may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance wdth these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the pur- 
chaser. 

Packing and Marking 

9. (a) Packing . — The material shall 
be packed in standard commercial con- 
tainers so constructed as to insure ac- 
ceptance by common or other carriers, 
for safe transportation, at the lowest 
rate, to the point of delivery, unless 
otherwise specified in the contract or 
order. 

{h) Marking. — Shipping containers 
shall be marked wdth the name of the 
material, type, grade, and quantity 
contained therein, as defined by the 
contract or order under which shipment 
is made, the name of the manufacturer, 
and the number of the contract or order 


Tentative Specifications for 

NONRIGID VINYL CHLORIDE PLASTICS^ 



A.S.T.M. Designation : D 744 - 44 T 

Issued, 1943; Revised, 1944.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover nonrigid 
plastics consisting of vinyl chloride 
resins and the necessary plasticizers, 
stabilizers, lubricants, dyes, pigments, 
and fillers. These specifications do not 
cover special materials compounded for 
special applications. 

Note. — The properties included in these 
specifications are those required to identify the 
types and grades of nonrigid plastics covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Types and Grades 

2. These specifications cover four 
types and nine grades of nonrigid vinyl 
chloride plastics as shown in Table I, 
the grades being classified in accord- 
ance with their hardnesses at 25 C. (77 


F.). A low- temperature classification 
of these materials is also shown in 
Table I. 


TABLE I.-TYPES AND GRADES OF NONRIGID 
VINYL CHLORIDE PLASTICS, 

Note.-;— T he hardness values and low-temperature 
classifications in this talile are included in these specifica- 
tions for purposes of classification only and are not spe- 
cific requirements to be met. 




■d 










w 


5 * ,2 



W 

trt 

Type 

A! 

'd 
d 

2 % 

IS .6 
H'i 

cq q 

ca u 

S:-2 

|u 


O 

P 

< 


I. Unfilled (plasticized 


1... 

90 ± 10 

23 dr 4 

N 

with dioctvi 


2 ... 

80 ± 10 

30 dr 5 

N 

phthalate or 



80 rt 10 

38 dr 5 

F 

equivalent) 


4.,.. 

70 db 10 

48 dr 5 

F 

n. Heat and flame re- 





sistant 

S. .. 

80 dr 10 

40 dr 7 

N 

HI. Cold resistant 


6... 

7...| 

80 dr 10 
80 rt 10 

25 rfc 6 
30 dr 7 

F 

FF 

IV, Filled [ 

8... 

9 ... 

90 10 

90d= 10 

2 2 dr S 

27 d:6 ; 

N 

N 


J Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to in- 
sure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

, 2 Revision accepted by the Society at annual meeting, 
Tune, 1944. 


“ Tentative Method of Test for Indentation of Rubber 
by Means of the Durometer (A.S.T.M. Designation: D 
676L* 

^Standard Method of Test for Hardness of Rubber 
(A.S.T.M. Designation; D 314).* 

® A low-temperature classification of FF indicates that 
the material does not fail at --TO J'\, a classification of F 
indicates that the material do(‘s not fail at — 10 F., and a 
classification of N indicates tluit the material fails at — 10 
F. when tested in accordance with the Tentative Method 
of Test for Low-Temperature Brittleness of Rubber and 
Rubber-Like Materials (A.S.T.M. De.signation: D 736).® 

« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Note.— The physical properties of these non- 

rigid vinyl ' .cliioride plastics ' are chiefly ■ de- 
pendent, upon the kind and quantity of plas- 
ticisers and fillers used; A series of compo.unds 
with small differences, in properties can be pro- 
duced. The selection of types and grades for 
these speciiications is arbitrary. 

General Requirements 
3. (a) The material shall, be of uni- 
form compositio'n and so compounded as 
to .conform to the requiretients pre- 
scribed in these specifications. 


(c) Chemical Rmstance.—-T'he . resist- 
ance of the material to: specific chemicals, 
shall be as specified by the purchaser in, 
the contract or order. In general, the 
effect of chemicals should be determined 
in accordance with the Standard Method 
of Test for Resistance of Plastics to 
Chemical Reagents (A.S.T.M. Desig- 
nation: D 543),'^ using the test for 
stiffness, tensile strength, or any other 


TABLE II.— DETAIL REQUIREMENTS FOR NONRIGID VINYL CHLORIDE PLASTICS. 





Type I 


Type 11 

Type III 

Type TV ' 



Grade 

Grade 

2 

Grade 

3 

Grade 

4 

Grade 

5 

Grade 

6 

Grade 

7 

Grade 

8 

Grade 

9 

SDedfic gravity, 25/25 C. /max I 

1.38 

1.34 

1.31 

1.30 

1.40 

1.39 

1.38 

1.52 

1.65 

(77/77 F.) 

Imm.... 

1.22 

1.21 

1.19 

1.18 

1.29 

1.21 

1.19 

1.39 

1,49 

Tensile strength, min., psi 

2 600 

2 200 

1 800 

1 400 

2 200 

2 600 

2 200 

1 400 

1 000 

Elongation at 

rupture, mm., per cent, . 

300 

330 

360 

390 

250 

330 

360 

200 

250 

[at2SC. (+77F.)te-'; 

2 750 

1 650 

1 200 

800 

1 100 

2 200 

1 500 

h 

6 

Stiffness, psi.j 

1 800 

900 

700 

500 

700 

1 000 

800 

b 

6 

1 at -40 C. (— 40 F.), max. 

450 000 

350 000 

275 000 

200 000 

700 000 

170 000 

too 000 

b 

b 

1 

at —57 C. (—70 F.kmax. 

600 000 

500 000 

450 000 

400 000 

1 000 000 

300 000 

130 000 

b 

b 

Tear resistance, mm., lb. per in.. 

SSO 

450 

350 

250 

400 

400 

300 

350 

250 

Brittle temperature, /deg. Cent 

max. , Ideg. Fulir........ 

[weight gain plus 
Water absorption,) aolu'lile matter 

max., per cent 1 loss , 

[soluble matter loss, , 

-20 
' -4 

0.40 

0.10 

-25 

-13 

0,50 

0.15 

-29 

-20 

0.65 

0,15 

-33 

-27 

0.60 

0.20 

-2 

-1-28 

0.60 

0.20 

-46 

-SO 

1,75 

1,50 

-51 

“60 

2.25 

2.00 

b 

b 

I ' ^ 

b 

b 

b 

b 

Flammability (burn-jQ 

0.4 

' 0.4 

0.4 

0.5 

a 

0.6 

0.6 

h 

h 

S® in per a 

Weight loss on heating (72 hr. at 82 C. 

a 

o 

1 0.2 

a 

0.3 

0.3 

a 

b 

(ISO F.)), max., per cent 

Increase in stiffness at 25 C, (77 F.) 

0.6 

0.7 

0.8 

0.8 

0.8 

2.0 

2.5 

0.5 

1.7 

after heating, max., per cent 

IS 

15 

15 

15 

15 

30 

30 

15 

30 

Increase in brittle 

2 

2 

2 

2 

2 

5 

5 

h 

6 

temperature after 

heating, max. 

4 

4 

4 

4 

4 

9 

9 

h 

& 

Tlicrmal stability, max., mg. HCl per g. 
Dielectric strength (short-time test), 

2 

2 

2 

2 

2 

2 

2 

2 

2 

min., V. per mil 

Oil resistance, max., per cent loss in 

425 

400 

400 

350 

350 

350 

325 

400 

350 

weight ■ 

Deformation under load, 100 psi. 
pressure at 70 C. (158 F.): 





0.15 

25 

35 

IS 

30 

Total deformation, max., per cent. . . 

25 

30 

35 

45 

35 

Recovery, min., per cent, 

75 

75 

65 

60 

65 

60 

70 

70 

75 


® Self-extinguishing. 

^ To be specified at a later date. 


(6) The color, transparency or opac- 
ity, shape, and size shall be as specified 
by the purchaser in the contract or order. 

Note. — ^Nonrigid vinyl chloride plastics are 
available in the following forms: 

In a diced or granulated form . suitable for 
feeding to extrusion or injection molding 
machines. 

In the form. of tape and sheeting supplied 
in roils 10 to IS in. in diameter, wound on 
hard paper cores. , Material 3| to 33 in. in 
width is available in any thickness from 0.010 
to 0.030 dfc 0.002 in. 


physical property included in these 
specifications to evaluate the effects. 

Detail Requirements 

4. Test specimens, either cut from 
sheet material or molded under con- 
ditions specified by the manufacturer, 
shall conform to the requirements as tp 
physical and electrical properties pre- 
scribed in Table II. 
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'Sampling ' 

5. The material shall be sampled in 
accordance with the sampling procedure 
described in the Standard Methods of 
Testing Molding Powders Used in Manu- 
facturing Molded Electrical Insulators 
(A.S.T.M. Designation: D 392)® where 
applicable; otherwise a sufficient sample 
shall be taken from each batch of mate- 
rial to be tested to establish conformance 
with these specifications. A batch shall 
be considered as a unit of manufacture 
as prepared for shipment and may 
consist of a blend of two or more ^^pro- 
duction runs’^ of material. Unless 
otherwise specified, tests need not be 
run on more than one batch in every 1500 
lb. of material 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Test Specimens . — ^Test specimens 
for tests other than hardness and flam- 
mability shall be cut from sheets 0,075 
db 0.010 in, in thickness, molded by com- 
pression under conditions specified by 
the manufacturer. Specimens shall be 
of the shape and dimensions specified 
in the individual test methods. 

{h) Conditioning Test Specimens . — 
Molded test specimens of nonrigid vinyl 
chloride plastics are not sensitive to 
humidity, but shall be conditioned for 
at least 48 hr, in air at 25 zb 1 C. 
(77 ± 2 F.) immediately prior to testing. 
Samples for tests at subatmospheric 
temperatures shall be exposed an addi- 
tional 24 hr. to air at the test tempera- 
tures before testing, unless otherwise 
specified in the testing methods or in 
these specifications. For test at tem- 
peratures above 25 C. (77 F.), the 
secondary conditioning period shall be 
in air at the test temperatures, and shall 


be long enough to insure thermal equi-' 
librium but in no case less than 2 hr. 

(c) Test Conditions. —Tests shall be 
conducted in a standard laboratory at- 
mosphere of 25 zb 1 C, (77 zb 2 T.) 
and 50 zb 2 per cent relative humidity, 
unless otherwise specified in the testing 
methods or in these specifications. 

(d) Specific GVuzjf/y. “-Method A of 
the' Tentftive Methods of Test for 
Specific Gravity of Plastics (A.S.T.M. 
Designation: D 792).® 

{e) Tensile Strength and Elongation 
at Ruphire.—StdJiddJ:<l Methods of Ten- 
sion Testing of Vulcanized Rubber 
(A.S.T.M. Designation: D 412),® using 
die C. 

(/*) Stiffness . — Tentative Method of 
Test for Stiffness in Flexure of Nonrigid 
Plastics (A.S.T.M. Designation: D 747).® 
(g) Tear Resistance.— StmddLtd 
Method of Test for Tear Resistance of 
Vulcanized Rubber (A.S.T.M. Desig- 
nation: D 624),® using die B. 

{h) Brittle Temper attire.— Ten tati ve 
Method of Test for Brittle Tempera- 
ture of Plastics and Elastomers (A.S. 
T.M. Designation: D 746).® 

{i) Water 4 Standard 

Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: D 
570),® using test specimens 0,075 in. in 
thickness and the 24-hr. immersion pro- 
cedure. The percentage of water ab- 
sorbed which is gain in weight plus sol- 
uble matter lost, and the percentage of 
soluble matter as determined by this 
method shall be reported. 

if) — Standard Method 

of Test for Flammability of Plastics 
0.050 in. and Under in Thickness 
(A.S.T.M. Designation: D 568),® using 
test specimens both 0.020 and 0.040 in. 
in thickness. 

{k) Weight Loss on Heating . — Test 
specimens 1 by 5 by 0.075 in. shall be 
heated for 72 hr. at 82 zb 1 C. (180 zb 2 
F.) in a forced circulation air oven. The 
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specimens shall be placed on a smooth, 
horizontal, t:hromium--piated surface and 
shall be turned over after 48 hr. of ex- 
posure. Specimens shall be conditioned 
for 48 hr. in air at 25 dz 1 C. (77 d= 2 F.) 
and 50 rfc: 2 per cent relative humidity 
before weighing both before and after 
heating. The loss of weight shall be 
calculated as a percentage of the origi- 
nal weight . 

(1) sadness After Heating. — Stiffness 
in flexure at 25 C. (77 F.) shall be deter- 
mined in accordance with the method 
referred to in Paragraph (f), using speci- 
mens cut from those heated and recon- 
ditioned as described in Paragraph {k). 
The increase in stiffness at 25 C. (77 F.) 
after heating shall be calculated as a 
percentage of the original value obtained 
for the stiffness in flexure test as deter- 
mined in accordance with Paragraph 

(/)■ 

{m) Brittle Temperature After Heating. 
—Brittle temperature shall be deter- 
mined in accordance witli the method 
referred to in Paragraph (/z), using speci- 
mens cut from tliose heated and re- 
conditioned as described in Paragraph 
(k). The increase in brittle tempera- 
ture after heating shall be calculated as 
the difference in degrees Centigrade or 
Fahrenheit between the brittle tempera- 
.tures before and after heating. 

(w) Thermal Stability. — Tentative 
Method of Test for Short-Time Stability 
at Elevated Temperatures of Plastics 
Containing Chlorine (A.S.T.M. Designa- 
tion: D 793). 

(o) Dielectric Strength. — Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149)/ us.ing'the 
short-time test in oil with a test speci- 
men .6 .by, .6 by 0.075 in. 

(p) Oil Resistance. ~ Standard 
Method of Test for Resistance of Plas-. 
tics to Chemical Reagents (A.S.T.M. 


Designation: D 543)/ using specimens 
0.075 in. in thickness. : The oil shall 
have an aniline point of 70 ± 2 C. when 
determined by the Tentative Method of 
Test for Aniline Point and Mixed Aniline 
Point of Petroleum Products (xA.S.T.M. 
Designation: D 611)/ and a Saybolt 
Universal viscosity of 150 ±10 sec. 
at 100 F. when determined by the 
Standard Method of Test for Viscosity 
by Means of the Saybolt Viscosimeter 
(A.S.T.M. Designation: D 88).'^ 

(q) Deformation Under -Tenta- 

tive Methods of Test for Deformation of 
Plastics Under Load (A.S.T.M. Designa- 
tion: D 621)/ loading unconditioned 
specimens at 100 psi. at 70 C. (158 F.). 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform to 
the requirements prescribed in these 
specifications. All of the tests listed 
in Section 6 shall be used to establish 
conformity of a material to these speci- 
fications. It is recommended that rou- 
tine inspection be limited to those tests 
required to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or 
order the tests which the manufacturer 
will be required to make on each ship- 
ment for identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of material may be rejected at 

4 1946 Book of A.S.T.iM. Standards, Fart I1T~A. 
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the ■ option of the purchaser. Notice of 
failure of material based on tests made in 
accordance with these specifications, shall 
be reported to the manufacturer within 
three weeks from the receipt of the 
material by the purchaser. 

Packing and Marking 

9. (e) PmUng , — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
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ceptance by common, or other .carriers 
for safe transportation, ■ at the lowest 
rate, to the point of delivery, ., unless 
otherwise specified in the contract or 

order. 

(b) Marking, — Shipping containers 
shall be' marked with the name of the 
material, type, grade, and quantity con- 
tained therein, as defined by the contract 
or order under which shipment is made, 
the name of the manufacturer, and the 
number of the contract or order. 
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Issued, 1943; Revised, 1944.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with, established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover nonrigid 
plastics consisting of vinyl butyral resins, 
obtained by the partial acetalization 
with butyraldehyde of the product ob- 
tained in the complete or partial hy- 
drolysis of vinyl acetate resins, and the 
necessary plasticizers, dyes, pigments, 
and modifying agents. These . specifi- 
cations do not cover special materials 
compounded for special applications. 

Note, — The properties included in these 
specifications are those required to identify the 
types and grades of nonrigid plastics covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Types and Grades 

2, These specifications cover two types 
and eight grades of nonrigid vinyl bu- 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S, 
T.M. Committee I)-20 on Plastics, 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for in- 
fringement of Letters Patent nor assume any such liability, 
and such publication should not be construed as a recom- 
mendation of any patented or proprietary application 
that may be involved. 

* Revision accepted by the Society at annual meeting, 
June, 1944. 


tyral plastics as shown in Table I, 
the grades being classified in accordance 
with their hardnesses at 25 C. (77 F.). 


TABLE I.~TYPES AND GRADES OF NONRIGID 
VINYL BUTYRAL PLASTICS. 

Note.— T he hardness values and low- temperature 
classifications in tJiis table are included in these specifica- 
tions for purposes of classification only and are not spe- 
cific requirements to be met. 


Type 


I. Thermoplastic 


II. Curing (contains 
“cross - linking" 
agents, which cause 
transformation f rom 
the thermoplastic to- 
“thermoset” char- 
acteristics when the 
composition is prop- 
erly cured) 


Grade 

1 

w 

1-4 

h 

P 

*0 

is 

w 

Hi 

.< 

Low-Temperature 

Classification*^ 

1.. 

60 =t 10 


F 

2.. 

SOrirlO 


'F. ■: 

3.. 

50d=10 

75 ± 25 

F . 

4.. 

40 ±10 

100 ± 40 

F ■ 

S.. 

70 ± 10 

35 ± 15 

■■F"' 

6.. 

60 ±10 

SO ± 20 

F.: •' 

7.. 

40 ±10 

100 ±40 

•FF 

8 .. 

20 ±10 

190 ±50 

■ FF 


“ Tentative Method of Test for Indentation of Rubber 
by Means of tlie Durometer (A.S.T.M. Designation: 
D 676).« 

® Standard Method of Test for Hardness of Rubber 
(A.S.T.M. Designation: D 314).3 

® A low-temperature classification of FF indicates that 
the material does not fail at —70 F., and a classification of 
F indicates that the material does not fail at -40 F. when 
tested in accordance with the Tentative Method of Test 
for Low-Temperature Brittle'ness of Rubber and Rubber- 
Like Materials (A.S.T.M. Designation: D 736).® 


® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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A low- temperature classification of these 
materials is also shown In Table !.■ ■ 

: NoTE.“The,, physical properties,,, of these 
nonrigid vinyl butyral plastics are chiefly de- 
pendent upon the kind and quantity of plas- 
ticizers and fillers used and the presence or ab- 
sence of ‘A:ross-Iinking’* agents. Compounds 
varying by small increments through a wide 
range of properties can be produced. The 
selection of types and grades for these specifica- 
tions is arbitrary. 

General Requirements 
3, (a) The material shall be of uni- 
form composition and so compounded as 


,the contract, or. order. „ In general/ the 
effect of: chemicals, should be determined 
in accordance with the Stancla,rd. Method 
of Test for: Resistance of. Plastics to' 
Chemical Reagents' (A. S.T.M. ,Designa- 
tion:D 543),*^ using the test for stiffness, 
tensile ,strength,, or any other physical 
property included' in tliese speeifications 
to evaluate the effects. 

Detail Requirements 

4. Test specimens, either cut from 
sheet material, which for type 11 shall 
be cured under conditions specified by 


TABLE II.-BETAIL REQUIREMENTS OF NONRIGID VINYL BUTYRAL PLASTICS. 


Speciik gravity', 25/25 C. (77/77 F.) ‘ 

Tensile strength, min., psi.. 

Elongation at rupture, min., per cent 

fat 25 C. (77 F.) 

Stirfness, max., psi. {at —40 C. (—40 F.) 

(at -57 C. (-70 F. 

Tear resistance, min., lb. per in 

Brittle temperature, max. (deg*. Fabr. 

xxr (weight gain plus soluble 

Water absorpUon, loss. 

max., ptr cent |soiuble matter loss 

Flammability (burning rate), max., sq. in. per 

sec. (0.040 in. thick),.. 

Weight loss on heating (72 hr. at 82 C. (180 F.)), 

max., per cent — 

Increase in stiffness after fat 25 C. (77 F.) — 

heating, max., per cent lat— 40C, (— 40F.) 
Decrease m tensile strength after heating, max., 

per cent 

Decrease in elongation after heating, max., per 

cent. 

Increase in brittle temperature fdeg, Cent 

after heating, max. \deg. Fahr 


Type I 


Grade 

1 


Grade 

2 


a 


Type II 


Grade 

3 

Grade 

4 

Grade 

5 

Grade 

6 

Grade 

7 

1.50 

l.SU 

1..S0 

l.SO 

1.50 

1,05 

l.OS 

1.05 

1.05 

l.OS 

1 400 

1 000 

1 800 

1 400 

1 000 

250 

250 

200 

250 

250 

a 

i% 

a 

a 

a 

150 000 

70 000 

200 000 

IQO 000 

70 000 

250 000 

200 000 

350 OOO 

250 000 

200 GOO 

200 

a 

200 

200 

75 

-40 

-45 

-35 

-40 

-35 

-40 

-.49 

-31 

-40 

-31 

3.0 

3.0 i 

3.0 

3.0 'i 

3.0 

1.0 

1.0 

1.0 

1.0 

1.0 

O.S 

O.S 

O.S 

0.5 

O.S 

2 

2 

2 

2 

2 

a 

a 

a 

a 

a 

10 

10 

25 

25 

25 

IS 

15 

IS 

15 

IS 

IS 

15 

IS 

IS 

■IS 

' 5 

5 

10 

10 

10 

9 

9 

18 

18 

18 


Grade 

8 


1.30 
1.05 
1 000 
300 
a 

40 000 
ISO 000 
40 
-55 
-67 

,3.5 ■ ' 
1.0 

0.5 

4 

a 

25 


IS 

10 

18 


* To be specified at a later date. 


to conform to the requirements pre- 
scribed in these specifications. 

(b) The color, transparency or opacity, 
form and size shall be as specified by the 
purchaser in the contract or order. 

No'J'E.— N onrigid vinyl butyral plastics are 
available in the following forms: 

In milled or calendered slabs, sheets, and 
roils. 

In the form of compounded dough, and 
dopes and coating solutions. 

(c) Chemical Resistance . — ^The resist- 
ance of the material to specific chemicals 
shall be as specified by the purchaser in 


the manufacturer, or molded under 
conditions .specified by the. manufac- 
turer, shall conform to the requirements 
as to physical properties prescribed in 
Table 11. 

Sampling 

„5. The material, shall be .sampled in. 
accordance with the sampling: procedure 
described in the' Standard Methods of 
Testing.Molding Powders.Used inManu- 
facturing' Molded Tillectrical Insulators 
(A.S.T.M,; ..Designation: D . v3.92)® where 
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I applicable; Otherwise a sufficient sample 
j shall be taken from each batch of the 
I material to be tested to establish con- 
I formance with these specifications, A 
batch shall be considered as a unit of 
manufacture as prepared for shipment, 
and may consist of a blend of two or 
more ‘^production runs’’ of material. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Test Specimens —Ttst specimens 
shall be cut from sheets molded from the 
material, or shall be molded by com- 
pression under conditions specified by 
the manufacturer. Sheets so tested shall 
be 0,075 dz 0.010 in. in thickness, unless 
otherwise specified, and test specimens 
shall be of the shape and dimensions 
specified in the individual testing 
methods. 

{b) Conditioning Test Specimens , — 
F or those tests where conditioning is re- 
quired, the test specimens of nonrigid 
vinyl butyral plastics shall be condi- 
tioned in accordance with, the Standard 
Procedure of the Tentative Methods of 
Conditioning Plastics and Electrical In- 
sulating Materials for Testing (A.S.T.M, 
Designation: D 618).’^ For tests in other 
than the Standard Laboratory Atmos- 
phere, reference likewise shall be made 
to Methods D 618. 

{c) Test Conditions, — Tests shall be 
conducted in a standard laboratory 
atmosphere of 25 =b 1 C. (77 ± 2 F.) and 
50 zL 2 per cent relative humidity, unless 
otherwise specified in the testing methods 
or in these specifications. 

(d) Specific Gravity —Method A of 
the Tentative Methods of Test for Spe- 
cific Gravity of Plastics (A.S.T.M. Des- 
ignation: D 792). ^ 

(e) Tensile Strength and Elongation at 
Rupture— StKaddiXd Methods of Ten- 
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sion Testing of Vulcanized Rubber (A.S. 
T.M. Designation: D 412), ^ using die C. 

(/) Stiffness, — Tentative Method of 
Test for Stiffness in Flexure of Non- 
rigid Plastics (A.S.T.M. Designation: D 
747).3 ' 

(g) Tear Resistance.' — Standard 
Method of Test for Tear Resistance of 
Vulcanized Rubber (A.S.T.M. Desig- 
nation: D 624),® using die B, 

(h) Brittle Temperature. — Tentative 
Method of Test for Brittle Temperature 
of Plastics and Elastomers (A.S.T.M. 
Designation: D 746).® 

(f) Water Absorption.— ^t 2 axddLxd 
Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: D 
570),® using test specimens 1 by 3 by 
0.075 zb 0.010 in, and the 24-hr. immer- 
sion procedure. The percentage of 
water absorbed which is gain in weight 
plus soluble matter lost and the percent- 
age of soluble matter as determined by 
this method shall be reported. 

{j) FlammaUlity.Si 2 ii\id.xA Method 
of Test for Flammability of Plastics 
0.050 in. and Under in Thickness 
(A.S.T.M. Designation: 568),® using test 
specimens 0.040 in. in thickness. 

{k) Weight Loss on Heating, — Test 
specimens 1 by 5 by 0.075 in. shall be 
heated for 72 hr. at 82 zb 1 C. (180 zb 2 
F.) in a forced circulation air oven. The 
specimens shall be placed on a smooth, 
horizontal, chromium-plated surface and 
shall be turned over after 48 hr. of ex- 
posure. Specimens shall be conditioned 
for 48 hr. in air at 25 zb 1 C. (77 zb 2 F.) 
and 50 zb 2 per cent relative humidity 
before weighing both before and after 
heating. The loss of weight shall be 
calculated as a percentage of the original 
weight. 

(1) Stiffness After Heating.— StiSness 
in flexure at -*•40 C. (—40 F.) shall be 
determined in accordance with themethod 
referred to in Paragraph (f), using speci- 
mens cut from those heated and re- 
conditioned as described in Paragraph 
(k). The increase in stiffness at —40 C. 


7S6 .SPECmGATiONS J(M NomiGED Vinyl' Butye-al: Plastics (D 745 - 44 T) 


(—40 F.) after Heating shall be calcu- 
lated as a percentage of the original value 
obtained for the stiffness in flexure test 
at— 40 C. (”^40 F.) as determined in 
accordance with Paragraph (/). 

(w) BfiUle Temperature After Heating, 
—Brittle temperature shall be deter- 
mined in accordance with the method 
referred to in Paragraph (/z), using speci- 
mens cut from those heated and re- 
conditioned as described in Paragraph 
(^). The increase in brittle tempera- 
ture after heating shall be calculated 
as the difference in degrees Centigrade 
or Fahrenheit between the brittle tem- 
peratures before and after heating. 

{n) Tensile Strength and Elongation 
at Rupkire After Heating, — The tensile 
strength and elongation at rupture shall 
be determined in accordance with the 
method, referred to in Paragraph (e), 
using speciiiiens cut from those heated 
and reconditioned as described in Para- 
graph {k). The decrease in tensile 
strength and in elongation at rupture 
after heating shall be calculated as a 
percentage of the original value obtained 
for tensile strength and elongation at 
rupture as determined in accordance 
with Paragraph (6?). 

Humber of Tests ■' 

7. One set of test specimens as pre- 
scribed in the methods of testing (Section 
6) shall be considered sufficient for test- 
ing each batch. The average result for 
the specimens tested shall conform to the 
requirements prescribed in these specifi- 
cations. All of the tests listed in Section 
6 shall be used to establish conformity 
of a material to these specifications. It 
is recommended that routine inspection 


be limited to those tests required do- 
identify the material to tlie satisfaction 
of the purchaser. ,■ The purchaser ' shall 
state in the contract or order the. tests^ 
which the manufacturer will be required 
to make on each shipment., for identifica- 
tion -of, the material. 

Retest and Rejection 

8. If the results of any test do not con- 
form to the requirements prescribed in 
these specifications, at the option of the 
manufacturer that test shall be repeated 
on two additional sets of specimens from 
the same batch or shipment, each of 
which shall conform to the requirements 
specified. If either of these two addi- 
tional sets of specimens fails, the batch 
of material may be rejected at the option 
of the purchaser. Notice of failure of 
material based on tests made in accord- 
ance with these specifications shall be 
reported to the manufacturer within 
three weeks from the receipt of the 
material by the purchaser. 

Packing and Marking 

9. {a) Packing— Tht material shall 
be packed in standard comriiercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest 
rate to the point of delivery, unless 
otherwise specified in the : contract or 
order. 

(J) Marking, ■ — Shipping containers 
shall be marked with the name of ' the 
material, type, grade, and quantity co,n- 
tained therein, as'defined.,by the contract 
or order under' which , the.' shipment .is 
made,' the name of the manufacturer, 
and the number of the contract or order. 


Tentative Specifications for 
CELLULOSE ACETATE PLASTIC SHEETS^ 



A.S.T.M. Designation: D 786 - 46 T 
Issued, 1944; Revised, 1945, 1946.® 

Hiese Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) These specifications cover rigid 
plastic sheets made from cellulose acetate 
and plasticizers, with or without the 
addition of dyes and up to 2.5 per cent of 
pigment color. These specifications do 
not cover special sheets compounded for 
special applications. 

Note.— The properties included in these 
specifications are those required to identify the 
type of material covered. There may be other 
requirements necessary to identify particular 
characteristics. These will be added to the 
specifications as their inclusion becomes gen- 
erally desirable and the necessary test data and 
methods become available. 

^ (5) Filled or heavily pigmented sheets 
are not covered by these specifications 
as their properties will vary depending 
upon the thickness of the sheets and the 
degree of pigmentation. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such li- 
ability, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Latest revision accepted by the Administrative Com- 
mittee on Standards, September 9, 1946. 
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Type 

2. These specifications cover the fol- 
lowing two types of cellulose acetate 
plastic sheet containing not more than 
2.5 per cent inert pigment or filler: 

Type L — General purpose material. 

Type IL — Aircraft material. 

General Requirements 

3. {a) The material shall be of uni- 
form composition and so compounded as 
to conform to the requirements pre- 
scribed in these specifications. 

{h) Requirements for size, dimensional 
tolerances, surface finish, and color shall 
be as specified by the purchaser in the 
contract or order (Notes 1, 2, and 3). 

Note 1 . — Standard size trimmed sheets are 
20 ± A in. by 50 d= A in. by nominal 
thickness from 0.005 to 0.250 in. The thickness 
may vary from nominal thickness at any point 
in the sheet within the limits shown in 
Table!. 

“Note 2. — Sheets may be finished on one or 
both sides with any of the following finishes: 
Polished, 

Matte, and 

c . — Special embossed finishes such as linen, 
leather, etc. 

Note 3. — Type I and type II sheets may be 
clear or colored transparent. Type I sheets 
may also be translucent. 
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Detail Requirements 
4. The material shall conform to the 
requirements as to physical and elec- 
trical properties prescribed in Table II. 

Sampling 


TABLE 11,-DETAIL REQUIREMENTS FOR CELLU- 
LOSE ACETATE PLASTIC SHEETS. 



5. A sample shall be selected at ran- 
dom from each lot of material sufficient 
to determine the conformance of the 
material to these specifications. If the 
sheets are of such thickness that the 
necessary test specimens cannot be ob- 


TABLE I.-THICKNESS OF SHEETS. 


Nominal Thickness, 
in. 

Actual Thickness, in. 

Maximum 

Minimum 

0.005......... 

0.006 

0.0045 

0.010 

O.Oll 

0.009 

O.OIS 

0.017 

0.014 

0.020 

0.022 

0,018 

0.025 

0.027 

0.023 

0,030 

0.033 

0.028 

0.040 

0.044 

0.037 

O.OSO.... 

0.054 

0.047 

0.060 

0.064 

1 0.057 

0.070 

0.074 

0.067 

0.080 

0.084 

0.076 

0.090 

0.095 

0.086 

0.100,. 

0.105 

0.095 

0.110 

0.115 

0.105 

0.125.. 

0.132 

0.120 

0.135 

0.144 

0.130 

0.150 

0.158 

0.144 

0.160 

0.168 

0.153 

0.175......... 

0.183 

0.168 

0.185 

0.195 

0.177 

0.200 

0.210 

0.190 

0.225 

0.240 

0.215 

0.250 

0.265 

0.240 


tained, specimens may be cut from 
sheets | in. in thickness and prepared 
from the same plastic composition under 
similar production conditions. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Tes^ng 
Materials. 


Type I— Gene-ra'x- Purpose 


Specific gravity, 2S/2S C. 

Tensile strength , min., psi 

Elongation, min., per cent 

Impact strength (Izod),min., ft-lb. 
per in. of/at +25 0. (77 F,).. 
notch (at —40 C. (—40 F.) 
Haze value (colorless), min., per 
cent 


{'Weight gain 
plus soluble 
matter loss . 

I Solublematter 
[ loss . 

Heat distortion tem-f j 


Water absorption, 
ma.Y., percents 


peratureat264psi.j^®®* ' 

fiber stress, min. ^ • 

Weight loss on heating, max., per 
cent 


Flammability (burning rate), 
max.: 

Thickness, in.: 

Over 0.0.50, in. per min 

0.031 to 0.050, sq. in. per sec. , 
0.016 to 0.030, sq. in. per sec, . 
O.Oll to 0,015, sq. in. per sec, . 
0.005 to 0,010, sq. in. per sec. . 


1.27 

1.27 

' 

. 1.27 

1.27 

1.34 

1.34 

1.34 

1.34 

5300 

4700 

4500 

4000 

25 

25 

25 

25 



1.4 

1.4 



0.25 

0.25 

9.0 

7.5 

7.0 

4.5' 

4.0 

2,0 

1.0 

0,5 



54 

54 



131 

131 

To 

h 

be SDi 
Iter da 

ecified 

ite 

1 at a 


6 

4 

4 


0.4 



ols ' 




1.0 




1.5 





Type II— Aircraft 


Specific gravity, 25/25 C. 

(77/77 F.) [min 

(max.. . . . , 

Tensile strength, min,, psi 

Elongation, min., per cent 

Impact strength (Izod), inin., ft-lb, 
per in. of/at +25 C. (77 F.).. 
notch \at— 40 C. (—40 F.) 
Haze value (colorless), max., per 
cent 

i Weight gain 
plus soluble 
matter loss. . 
Soluble matter 
loss 


Heat distortion tem*f 
peratureat264 psi.&jVX 
fiber stress, mm. f ^ ' 

Weight loss on heating, ma.x., per| 
cent 


Flammability (burning rate), 
max.: 

Thickness, in.: 

Over 0.050, in. per min. ...... 

0.031 to 0.050, sq. in. per sec., 
0,016 to 0.030, sq. in. per sec. . 
0.011 to 0.015, sq. in. per sec.. 
0.005 to 0.010, sq. in. per sec. . 


1.27 

1.27 

1.27 

1.27 

1.34 

1.34 

1.34 

1.34 

6000 

5500 

5000 

4000 

25 

25 

25 

25 



1.4 

1.4 



; 0,25 

0.25 

2.0 

3.0 

5.0 

8.0 

7.0 

6.5 

5. 5 

3.5 

4.0 

2.0 

1.0 

0.5 



54l 

54 



131 

131 


To be specified at a 
. later date 



3.5 

3.0 


0.2S 


0.25 



0.50 



1.0 




(a) Conditioning Test Specimens — 
For those tests where cGiiditioning is re- 
quired, the test specimens of cellulose 
acetate plastic sheets shall be condi- 
tioned in accordance with the Standard 
Procedure of the Tentative Methods of 


Conditioning Plastics and Electrical In- 
sulating Materials for Testing (A.S.T.M. 
Designation: 1)618).^ 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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(b) Test: ^Conditions,— Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 it 1 C, (77 zt 2 F.) 
at 50 it 2 per cent relative humidity, 
unless otherwise specified in the test 
methods,, or in these specifications. 

(c) Spedfw'GravUy,— Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
,tions:;D 792).^ 

(d) ensile Strength and Elongation — 
Tentative Method of Test for Tensile 
Properties of Plastics (A.S.T.M. Desig- 
nation: D 638).^ 

(<?) Impact Strength, (Izod). — Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256)'^ and the Tentative 
Method of 'Pest for Impact Resistance 
of Plastics at Subnormal and Super- 
normal Temperatures (A.S.T.M. Desig- 
nation: I) 758).'^ 

(/) Haze Value. — Tentative Method 
of Test for Ha 2 e of Transparent Plastics 
by Photoelectric Cell (A.S.T.M. Desig- 
nation: D 672).'^ Haze shall be meas- 
ured on clear material only. 

(g) Water Absorption.' — Standard 
Method of Test for Water Absorption 
of Plastics (A.S.T.M. Designation: 
D 570),^ using the 24-hr. immersion pro- 
cedure. The test specimens shall be 
conditioned and reconditioned for 24 hr. 
at 50 ± 3 C. (122 ± 5 F.). 

(h) Heat Distortion Temperature .’ — 
Tentative Method of Test for Heat Dis- 
tortion Temperature of Plastics (A.S. 
T.M. Designation: D 648),'^ using a fiber 
stress of 264 psL 

(i) Weight Loss on Heating. — -Test 
specimens 3 by 1 in. by the thickness of 
the sheet shall be conditioned, for 48 hr. 
over anhydrous calcium chloride at 25 zt 
1 C. (77 dz 2 F.). The specimens shall 
be weighed and then placed in a circula- 
tion air oven for 72 hr. at 82 di 1 C. 
(180 dz 2 F.). The specimens shall be 


supported flatwise on a screen in the 
oven. Upon removal from the oven, 
the specimens shall be cooled in a desic- 
cator over anhydrous calcium chloride 
to 25 dz 1 C. (77 d= 2 F.). The speci- 
mens shall then be weighed, and the 
percentage weight loss on heating calcu- 
lated on the basis of the conditioned 
weight. 

(j) Flammability. — Standard Method 
of Test for Flammability of Plastics 0.050 
in. and Under in Thickness (A.S.T.M. 
Designation: D 568)^ and the Standard 
Method of Test for Flammability of Plas- 
tics Over 0.050 in. in Thickness (A.S. 
T.M. Designation: D 635).® 

Humber of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered suflBcient for 
testing the sheet which has been sampled 
according to Section 5. The average 
result for the specimens tested shall 
conform to the requirements prescribed 
in these specifications. All of the tests 
in Section 6 shall be used to establish 
conformity of a material to these speci- 
fications. It is recommended that 
routine inspection be limited to those 
tests required to identify the material to 
the satisfaction of the purchaser. The 
purchaser shall state in the contract or 
order the tests which the manufacturer 
will be required to make on each ship- 
ment for identification of the material 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the 
requirements specified. If either of 
these two additional sets of specimens 
fails, the material may be rejected at the 
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option ; of the purchaser.- Notice of 
failure of material based on tests made 
in accordance with these specifications 
shall be reported to the manufacturer 
within three weeks from the receipt of 
the material by the purchaser. 

Packing and Marking 

9. {a) Packing . — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 


ceptance by; common or other carriers for 
safe, transportation at the lowest rate to 
the point of delivery, unless otherwise 
specified in the contract or order. 

{h) Marking —Shipping . containers 
shall be marked with the, name, stock 
nu.mber, and surface finish of the mate- 
rial, the size and quantity contained 
therein, as defined by the contract or, 
order' under which shipment is made, the 
name of the manufacturer and the num- 
ber of the contract or order. 


Tentative Speciji cations for 
ETHYL CELLULOSE MOLDING COMPOUNDS^ 


A.S.T.M. Designation: D 787 - 46 T 

Issued, 1944; Revised, June 1946, September 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. These specifications cover thermo- 
plastic molding compounds consisting of 
ethyl cellulose and pilasticizers, with or 
without the addition of dyes and pig- 
ments, and suitable for injection and ex- 
trusion molding. They do not include 
special materials compounded for special 
applications. 

Note. — The properties included in these 
specifications are those required to identify the 
types and grades of molding compounds covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Types and Grades 

2. These specifications cover two types 
and seven grades of ethyl cellulose mold- 
ing compounds, the grades being classi- 
fied in accordance with their flow tem- 
peratures, as shown by Table I. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S T.M. Committee D-20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for in- 
fringement of Letters Patent nor assume any such liability , 
and such publication should not be construed as a recom - 
mendation of any patented or proprietary application that 
may be involved. ■ . ■ 

2 Revisions accepted by the Society at annual meet- 

ing, JuneV1946, and by the Administrative Committee on 
Standards, September 9,1946. ^ ^ ^ ^ ^ ^ ^ ■ 


General Requirements 

3. (a) The molding compounds shall 
be of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(&) The size and form of granulations 
of the molding compound (Note), color, 


TABLE I.~TYPES AND GRADES OF ETHYL CELLU- 
LOSE MOLDING COMPOUNDS. 




Flow Temperature 

Type 

Grade 



deg, Fahr. 

deg. Cent. 

f 

1 

311 ± 9 

ISS ± 5 

I. General Purpose. . .■< 

2 

3. ... , 

293 ± 9 
275 ± 9 

145 ± 5, 
135 ± S 

[ 

4...., 

257 ± 9 

125 db S 

II. Low-Temperature ! 
Resistant j 

5 

6 

7 

311 =h 9 
293 ± 9 
275 ± 9 

1S5 ± 5 
145 ±, S ■ 
135 =fc' 5 


and translucency or opacity shall be as 
specified by the purchaser in the contract 
or order. 

Note.^ — Ethyl cellulose molding compounds 
are available in granular sizes of A, and 
in*, and in other sizes and forms. 

Detail Requirements 

4. Test specimens prepared under con- 
ditions specified by the manufatturer 
shall conform to the requirements as to 
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physical and electrical properties pre- 
scribed in Table II (Note). 

Note. — Except for specially compounded 
material, ethyl cellulose molding materials are 
not designed for compression molding, and it is 
practically impossible to mold certain injection 
formulations by compression. The require- 
ments in Table II are based upon extruded or 
injection molded test specimens. 

Sampling 

5. The molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Methods of Testing Molding Powders 
Used in Manufacturing Molded Elec- 


cellulose shall be eonditioned in accord- 
ance with the Standard Procedure of the 
Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (A.S.T.M!. Designation: 
D618).'^ 

(b) Test Conditions, — Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 ± 1 C. (77 ± 2 F.) and 
50 ± 2 per cent relative himiidity, unless 
otherwise specified in the test method or 
in these specification^. 

(c) Flow Temperature. — Tentative 
Method of Test for Measuring the Flow 
Properties of Thermoplastic Molding 


TABLE II.~DETAIL REQUIREMENTS FOR MOLDED TEST SPECTMENS. 


Flow temperature ± 9 : i!: i i i ! 

Tensile strength, min., psi. , 

Specific gravity, 25/25 C. (77/77 F.), max.. 

Impact strength (Izod), min., /at 25 C. (77 F.) 

ft*lb. per in. of notch l.at —40 C. (—40 F.). . 

Heat dLstortion temperature at 264 jdeg. Cent 

psi, fiber stress, min. ^ Uleg. Fahr 

Water absorp- (Weight gain plus soluble matter loss. . 
tion (24-hr. 

immersion) (Soluble matter loss. 

ma'x,, -pet ' I ' , 

cent I 

Weight loss on heating, max., per cent 


i 

Type I, General Purpose j 

'I'ype 11, Low-'I'empera- 
ture Resistant 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

1 

2 

3 


3 

6 

7 

155 

145 

135 

'l25 

155 

145 

13S 

311 

293 

275 

257 

311 

293 

275 

5500 

4000 

3500 

2500 

4500 

3000 

2500 

1.14 

1 . 15 

1.15 

1.16 

1 . 14. 

1.12 

1 .09 

2.5 

3.5 

3.5 

3.0 

5.0 

5.0 

5.0' 

0.5 

0.5 

0.5 

0.5 

1.0 

1.0 

1.0 

60 

54 

52 

46 

57 

49 

46 

140 

130 

125 

US 

135 

120 

115 

l.« 

l.S 

1.7 

1,7 

l.S 

1.8 

1.8 

0.1 

0.1 

O.l 

0.1 

O.l 

0.1 

0.1 

0.2 

0.8 

1.4 

2.0 

0.2 

0.8 

1.4 


trical Insulators (A.S.T.M. Designa- 
tion: D 392).^ A batch of molding com- 
pound shall be considered as a unit of 
manufacture as prepared for shipment 
and may consist of a blend of two or more 
‘^production runs” of material 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

{a) Conditioning Test Specimens.— 
For those tests where conditioning is re- 
quired, molded test specimens of ethyl 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Materials (A.S.T.M. Designation : 
D 569);^ using the preferred method of 
conditioning. 

{d) Tensile Sirengi/i. Tentative 
Method of Test for Tensile Pro])erties 
of Plastics (A.S.T.Mt Designation,: 
1) 638).’^ 

(e) Specific Gravity. —Isiethod A of 
the Tentative Methods of Test for 
Specific Gravity of Plastics (A.S.T.M. 
Designation: D 792).*'^ 

{j) Impact Strength Method 

A of Tentative . Methods of Test , for 
Impact Resistance DiPlastDs' and. Elec- 
trical Insulating , Materials (A.S.T.M.. 
Designation: I) 256)*^ and the Tentative 
Method of Test for Impact Resist- 
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ance of Plastics at Subnormal and Super- 
normal Temperatures (A.S.T.M. desig- 
.nationr D 758);'^ ' 

Heat^ Distortion Temperature, — 
Tentative Method of Test for Heat 
Distortion Temperature of Plastics 
(A.S.T.M. Designation: D 648)/ using a 
fiber. stress of 264 psL ■ 

Qi) Water Absorption. — Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 570)^ 
using the 24-hr. immersion procedure. 

{i) Weight Loss on Heating. — Test 
specimens 2 in. in diameter by | in. in 
thickness shall be conditioned for 48 hr. 
over anhydrous calcium chloride at 25 rb 
1 C. (77 db 2 F.). The specimens shall 
be weighed and then placed in a circula- 
tion air oven for 72 hr. at 82 db 1 C. 
(180 dr 2 F.), The specimens shall be 
supported flatwise on a screen in the 
oven. Upon removal from the oven the 
specimens shall be cooled in a desiccator 
over anhydrous calcium chloride to 25 dr 
1 C. (77 dr 2 F.). The specimens shall 
then be weighed, and the percentage 
weight loss on heating calculated on the 
basis of the conditioned weight. 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed 
in Section 6 shall be used, to establish 
conformity of a material to these speci- 
fications. It is recommended that rou- 
tine inspection be limited to those tests 
required to identify the material to the 


satisfaction of the purchaser. The pur- 
chaser shall state in the con tract or order 
the tests which the manufacturer will be 
required to make on each shipment for 
identification of the material. 

Petest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding compound may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the 
purchaser. 

Packing and Marking 

9. (a) Packing.—lL)ie material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation, at the lowest 
rate to the point of delivery, unless 
otherwise specified in the contfactor 
order. 

{b) Marking. — Shipping containers 
shall be marked with the name of the 
material, type, grade, and the quantity 
contained therein, as defined by the 
contract or order under which the ship- 
ment is made, the name of the manu- 
facturer, and the number of the contract 
or order. 


Tentative Specifications for 

METHACRYLATE MOLDING COMPOUNDS^ 



A.S.T.M. Designation: B 788 -44 T 

Issued, 1944.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, These specifications cover methac- 
rylate molding compounds consisting 
of at least 51 per cent methyl metha- 
crylate resin, and suitable for com- 
pression, injection, or extrusion molding. 

Note. — The properties included in these 
specifications are those required to identify the 
types and grades of molding compounds covered. 
There may be other requirements necessary to 
identify particular characteristics. These will 
be added to the specifications as their inclusion 
becomes generally desirable and the necessary 
test data and methods become available. 

Types 

2. These specifications cover the fol- 
lowing four types of methyl meth- 
acrylate molding compounds : 

Typel , — A general purpose molding 
compound, for injection and extrusion 
molding, having a heat-distortion tem- 
perature between 57 and 71 C. (135 
and 160 R). 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-20 on Plastics, 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for in- 
fringement of Letters Patent nor assume any such liability, 
and such publication should not be construed as a recom- 
mendation of any patented or proprietary application that 
may be involved. 

* Accepted by the Society at annual meeting, June, 
1944. 


■ Type II heat-resistant molding 
compound, for injection and extrusion 
molding, having a heat-distortion tem- 
perature between 71 and 88 G. (160 
and 190 F.). 

Type TIL — A general purpose mold- 
ing compound, for compression mold- 
ing, having a heat-distortion tempera- 
ture between 57 and 71 C. (135 
and 160 F.). 

Type IV —K heat resistant mold- 
ing compound, for compression mold- 
ing, having a heat distortion tempera- 
ture between 71 and 88 C. (160 and 
190 F.). 

General Requirements 

3. {a) The molding compounds shall 
be of uniform composition and so com- 
pounded as to conform to the require- 
ments prescribed in these specifications. 

(5) The size and form of granulations 
of the molding compound (Note), color, 
and translucency or opacity shall be as 
specified by the purchaser in the con- 
tract or order. 

NoTE.—Types I and 11 clear,' colored,, and ■ 
pigmented, powders, are usually supplied in 
granular sizes' that will pass a No. , 3 .(i-in.) sieve. 

Types III and IV clear powders. are usually, 
supplied in a pearl form having a particle size 
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I| diatiibution siicli .that none will remain .on a 
i; No. 10 (2()00»micron) sieve and from .25 to 75 
i per cent will pass a No. 6C) (250-micron) sieve. 

, Types ITf and TV colored and .pigmented 
powdei's are usiuilly supplied in granular sizes 
that will pass a No. 6 (3360-mlcron) sieve. 

Detail Requirements 

, 4. Test si)CciiTiens meklccl by com- 

i pression or injection under conditions 
I specified by the manufacturer ■ (Note) 

; shall conform to the requirements as to 
j physical requirements prescribed ; in 
i Table I. 

V 


and may consist of a blend of two or 
more ‘-production runs” of material. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing 
Materials: 

(a) Conditioning Test Specimens,— 
For those tests where conditioning is re- 
quired, the molded test specimens of 


TABLE I.-DETAIL REQUIREMENTS FOR MOLDED TEST SPECIMENS. 


Specific gravity, 25/.;5 C. (77/77 F.)., max. 
Imkx of refrat.lion inn) !!!!]!!!! 

Light tra-nsinis»ion, min.., per cent 


Water abyorptiim, ill hr. immersion, max., 
percent: 

Weight gain plus soluhlc matter lo.ss 

Solulile matter loss . • • ■ ; • • 

Heat tlislorlion temperature at [(leg. Cent. 
26-1 psi. fiber stress, inln. ^ l;!eg. Fahr. 

Impact strength ti/.o<l)fat 25 C, (77 F.) 

min., ft .“lb. per in. t 

otn.ud. tai -••me. (-40 K.). 

. plc/r. Cent.. 

How temperature, max.. Kahr. 


Type I 

Type II 

Type III 

: Type IV 

Remarks 

1.2 

1.2 

1.2 

1.2 

Unpigmented and unfilled 
material 

1.48 

1 .48 

1.48 

1.48 


1.50 

1.50 

1.50 

1.50 

Uncolored, unpigmented, 
and unfilled material 

90 

90 

90 

90 

Uncolored, unpigmented, 
and unfilled material 

Unpigmmted and unfilled 
material 

0.6 

0.6 

0.6 

0.6 


O.l 

0.1 

0.1 

O.l 


57 

71 

57 

71 

Unpigmented and unfilled 

135 

160 

135 

160 

material 

0.2 

0,2 

0.1 

0.1 

Unpigmented and unfilled 
material 

0.2 

0.2 

0.1 

0.1 


155 

175 

155 

175 


311 

347 

311 

347 



Note,-— -All test siiecimens shall be molded to 
conform with the a|)plicable procedures de- 
scribed in methods of the American Society for 
Testing .Materials, 

Sampling 

S. The .molding compound shall be 
sampled in accordance with the sampling 
procedure described in the Standard 
Method of Testing Molding Powders 
Used' in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designation 
D 392).' , Method B of Standard D 392' 
shall be used in determining particle 
size distribution. A batch of molding 
comiiound shall be considered as a unit 
of manufacture, as prepared for shipm..ent 

■ ■ » Appears iix this publication, 'se.e Contents' in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


methacrylate shall be conditioned in 
accordance with Functional Procedure 
A of the Tentative Methods of Condi- 
tioning Plastics and Electrical Insulating 
Materials for Testing (A. S.T.M, Des- 
ignation: D 618).' 

(b) Test Conditions— Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 dh 1 C. (77 dz 2 F.) 
and 50 zt: 2 per cent relative humidity 
unless otherwise specified in the test 
methods or in these specifications. 

(c) Specific Gravity. — Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792).' 

(d) Index of Refraction,- — Standard 
Methods of Test for Index of Refraction 
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of Transparent Organic Plastics 
(A.S.T.M. Designation: D 542).® 

(e) Light rra.f^mmz(?7'L~Tentative 
Method of Test for Lummous Reflect- 
ance and Transmission Characteristics 
and Color of Plastic Materials (A.S.T.M. 
Designation: D 791).® 

(/) Water A bsorption, — Standard 
Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: 
D 57G) ® using the 24-hr. immersion 
procedure. 

(g) Heat Distortion T emperature .' — 
Tentative Method of Test for Heat 
Distortion Temperature of Plastics 
(A.S.T.M. Designation: D 648),® using a 
fiber stress of 264 psi. 

Qi) Impact Strength (Izod). — Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256)® and the Tentative 
Method of Test for Impact Resistance 
of Plastics at Subnormal and Supernor- 
mal Temperatures (A.S.T.M. Designa- 
tion:D 758).® 

(i) Flow Temperature, — Tentative 
Method of Test for Measuring the Flow 
Properties of Thermoplastic Molding 
Materials (A.S.T.M. Designation: 
D 569),® using the alternative method of 
conditioning. 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed in 
Section 6 shall be used to establish con- 
formity of a material to these specifica- 


tions.. It is recommended that routine 
inspection be limited to those tests re- 
quired to identify the material to the 
satisfaction of the purchaser. The pur- 
chaser shall state in the contract or 
order the tests which the manufacturer 
will be required to make on each ship- 
ment for identification of the material 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option of 
the manufacturer that test shall be re- 
peated on two additional sets of speci- 
mens from the same batch or shipment, 
each of which shall conform to the re- 
quirements specified. If either of these 
two additional sets of specimens fails, 
the batch of molding compound may be 
rejected at the option of the purchaser. 
Notice of failure of material based on 
tests made in accordance with these 
specifications shall be reported to the 
manufacturer within three weeks from 
the receipt of the material by the 
purchaser. 

Packing and Marking 

9. {a) Packing. — The material shall 
be packed in standard commercial con- 
tainers so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest rate 
to the point of delivery, unless otherwise 
specified in the contract or order. 

{h) Shipping containers 

shall be marked with the name of the 
material, type, grade, and quantity con- 
tained therein, as defined by the contract 
or order under which shipment is made, 
the name of the manufacturer, and the 
number of the contract or order. 


Tentative Specifications for 
NYLON INJECTION MOLDING COMPOUND ‘ 



A.S.T.M. Designation: D 789 ~ 44 T 
Issued, 1944.^ ‘ 

These Tentative Specifications have, been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specitications cover a mold- 
ing compound consisting of nylon with 
or without the addition of dyes, pig- 
ments, plasticizers, modifiers, and lubri- 
cants, and suitable for injection mold- 
ing. 


Note. — The properties included in these 
specifications are those required to identify the 
type of molding powder covered. There may 
be other requirements necessary to identify 
particular characteristics. These will be added 
to these specifications as their inclusion becomes 
desirable and the necessary test data and meth- 
ods become available. 


Types and Grades 

2. These specifications cover one type 
and one grade of nylon molding powder 
intended specifically for injection mold- 
ing* 


P Under the standardiaation procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D -20 on Plastics. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such lia- 
bility, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Accepted by the Society at meeting, June, 

1944 .' . . . ■ ■ 


General Requirements 

3. (a) The molding powder shall be 
of uniform composition and so prepared 
as to conform to the requirements 
prescribed in these specifications. 

{b) The size and form of granula- 
tions of the molding powder (Note) 
shall be as specified by the purchaser in 
the contract or order. 

Note.— N ylon molding powders are avail- 
able in particle sizes of i by i by J in.; in granu- 
lations of which 9S per cent will pass a I 
in. sieve and be retained on a I in. sieve; 
and in fine particles less than in. in largest 
dimension. 

(c) The molding powder, when tested 
within three weeks of receipt by the 
purchaser, shall contain not more than 
0.3 per cent of moisture (Note). 

Note. — I t is essential that the moisture 
content of the pow’der at the time of molding be 
less than 0.3 per cent, since otherwise the 
molded articles will be inferior in appearance and 
in physical properties, even though satisfactory 
for some purposes. Drying under atmospheric 
pressure will not yield a powder of optimum 
properties, even though molded articles of 
satisfactory appearance may be made from 
powder dried at a temperature of 100 C. for not 
longer than 3 hr. A higher temperature or a 
longer exposure causes deterioration, 

m ■■ 
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Detail ' Requirements 

' 4. Test specimens ■ molded by injec- 
tioHj under conditions specified by the 
manufacturerj shall conform to the 
following requirements as to physical 
and electrical properties ; ' 

Specific gravity, 25/25 C. (77/77 F.) 

{uBpigmented), max 1.15 

Heat distortion temperature, min. : 
at 6d psi. fiber stress. 

at 264 psi. fiber stress 

Deformation under load of 4000 psi. 

at 50 C. (122 F.), max., per cent. . . 5 

Impact strength. (Izod) , min. , f t-lb. 

fat -40 C. (-40 F.) 0.45 

perin. ofnotchiat25 C. (77 F.). . . . 0.6 

[at 60 C. (140 F.)... 0.9 

Water absorption (24-hr. immersion), 

max., percent *1.5 

Tensile strength, fat ~40 C. (-40 F.) 14 000 

min., psi Ut 25 C. (77 F.) . . . 9 000 

[at 60 C. (140 F.).. 8 000 

Mandrel-bend number, min., per 

cent . . / regular granulation 90 

' \i^-in. granulation 85 

Dielectric strength (short-time test), 
min., V. per mil 350 

Sampling 

5. The molding powder shall be sam- 
pled in accordance with the sampling 
procedure described in the Standard 
Methods of Testing Molding Powders 
Used in Manufacturing Molded Elec- 
trical Insulators (A.S.T.M. Designa- 
tion:!) 392),^ A batch of molding com- 
pound shall be considered as a unit of 
manufacture as prepared for shipment 
and may consist of a blend of two or more 
“production runs’^ of material 

Methods of Testing 

6. The properties enu.mera ted in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials: 


® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


' (a) Conditioning Test , Specimens , — 
For those tests where conditioning is re- 
quired, the molded test specimens of 
nylon shall be conditioned in accordance 
with the' Standard Procedure of the 
Tentative Methods of (Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (A.S.T.M. Designation: D 
618).^ 

(h) Test Conditions. — Tests shall be 
conducted in the standard laboratory 
atmosphere of 25 zb 1 C. (77 zb 2 F.) 
and SO zb 2 per cent relative humidity, 
unless otherwise specified in the test 
methods or in these specifications. 

(c) Specific Gravity. — Method A of the 
Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion:!) 792).® 

(d) Heat Distortion Temperature . — 
Tentative Method of Test for Heat 
Distortion Temperature of Plastics 
(A.S.T.M. Designation: D 648),® using 
fiber stresses of 66 and 264 psi, as speci- 
fied. 

(e) Deformation Under Load. — Tenta- 
tive Methods of Test for Deformation of 
Plastics Under Load (A.S.T.M. Designa- 
tion: D 621),® using Method A, 1000-lb. 
load. 

(f) Impact Strength (hod). — Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M, 
Designation: D 256)® and the Tenta- 
tive Method of Test for Impact Resist- 
ance of Plastics at Subnormal and 
Supernormal Temperatures (A.S.T.M. 
Designation: D 758).® 

(g) W ater A Standard 

Method of Test for Water Absorption of 
Plastics (A.S.T.M. Designation: D 570),® 
using the 24-hr. immersion period. 

(h) T ensile Strength.— 

Method of Test for Tensile Properties 
■of Plastics (A.S.T.M. Designation: D 
638)® and the Tentative Methods of Test 


/ 193 C. 
\ 380 F. 
/ 74 C. 

t. 165 F. 
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for Tensile and Compressive Properties 
of Plastics at Subnormal and Super- 
normal Temperatures (A.S.T.M. Desig- 
nation: D 759).=* 



Fig. 1 Diplienylene Oxide Bath (Pyrex). 


(i) Moisture Content . — The moisture 
content of nylon molding powder shall 
be determined as follows: 

(i) Apparatus —Test tubes, 6 by 
1 in.;^ lime-glass test tubes, 5 by 0.625 
in.; No. 11 cork stoppers, No. 5 neoprene 
stoppers, each carrying a 2.5-in. glass 
tube with 4-mm. bore; desiccator charged 
with anhydrous phosphorus pentoxide; 
Hyvac pump or equivalent; mercury 
type manometer; diphenylene oxide 
bath (see Fig. l); and diphenylene oxide 
in a melting range of 81 to 84 C (178 
to 183 F.)(Note). 

Note. — ^When the diphenylene oxide is boil- 
ing, the level should be approximately 0.25 in. 
below the bottom of the wells of the bath. Its 
boiling point should be 180 C. (356 F,), 

(3) Procedure,— Place a 5 by 0.625- 
in. lime-glass test tube inside a 6 by 
1-in. tube and dry for 5 to 10 min. in 


one of the wells of the diphenylene oxide 
bath which shall be refluxing half way 
up the air condenser. Cool in the 
desiccator and weigh to the nearest 1 mg. 
Fill the small test tube with molding 
powder to about 2 in. from the top, 
replace in the larger tube and reweigh. 
Attach the larger test tube to the vac- 
uum with the neoprene stopper, and 
evacuate in the cold for 1 to 2 min. 
Reduce the pressure to between 1 to 5 
mm. before replacing the tube in one of 
the weUs of the bath. After heating 
for 20 min,, remove the tube from the 
bath and allow to cool for 7 min. under 
vacuum. Carefully release the vacuum 
so as not to break the manometer. 
Remove the stopper and cork the larger 
tube to prevent glass, shattered as the 
nylon cools, from flying out of the tube. 
Allow the tube to cool in air and while 
it is still warm place it in the desiccator. 
When finally cooled, remove the cork 
and carefully brush any adhering glass 
into the tube. Weigh the tube and 
contents to the nearest 1 mg. 

(3) Calculation. — Calculate the 

moisture content as follows: 

Moisture, per cent — 

Loss in wt. 

; t - ""; T X 

Original w^t. of sample 

(j) Dielectric Standard 

Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149),® using the 
short-time test in oil. The test speci- 
men shall be 6 by 6 by I in. and shall 
be conditioned for 48 hr. at 25 db 1 C. 
(77 zh 2 F.) and 50 zt 2 per cent relative 
humidity. 

(^) Mcmdrel Bend — The mandrel- 
bend test to measure the ability of 
standard |-in. impact specimens to 
sustain bending around a J-in. mandrel 
shall be made as follows: 


* Pyrex glass tubes are recoramended. 
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(1) Apr aratus.~-"A hinged mandrel- 
bend tester as illustrated in Fig, 2* 

(2) Procedtoe —Condition 25 test 
specimens 5 by 0.5 by 0.125 in. in the 
dry condition by sealing them for 24 
hr. prior to test in an atmosphere of 0 
to 5 per cent relative humidity imme- 
diately on removal from the injection 
machine. A rubber-gasketed glass jar 
may conveniently be used as the re- 
ceptacle for the specimens. Slide each 
specimen through the slot in the tester 
and bend it double upon itself around 
the J-in. mandrel Make the test at 



four places on each specimen, thus 
providing a total of 100 bends from the 
25 specimens, 

(3) Calculation.^' — Calculate the 

mandrel-bend number as follows: 

Mandrel-bend number === 100 — number of 
breaks 

Number of Tests 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. The average result 
for the specimens tested shall conform 
to the requirements prescribed in these 
specifications. All of the tests listed 

^The formula for calculating mandrel-bend number 
was editorially corrected in October, 1946. 


in, Section 6 shall be- used to establish 
conformity, of a material to : these 
specifications. It is recommended that 
routine inspection be limited to those 
tests required to identify the material 
to the satisfaction of the , purchaser. 
The purchaser shall state in the contract- 
or order the tests which the manufacturer 
will be required to make on each ship- 
ment for identification of the material. 

Retest and Rejection 

8. If the results of any test do not 
conform to the requirements prescribed 
in these specifications, at the option 
of the manufacturer that test shall be 
repeated on two additional sets of 
specimens from the same batch or 
shipment, each of which shall conform 
to the requirements specified. If either 
of these two additional sets of speci- 
mens fails, the batch of molding com- 
pound may be rejected at the option of 
the purchaser. Notice of failure of 
material based on tests made in ac- 
cordance with these specifications shall 
be reported to the manufacturer within 
three weeks from the receipt of the 
material by the purchaser. 

Packing and Marking 

9. (a) Packing , — The material shall 
be packed in standard commercial con- 
tainers of a type which will keep the 
moisture constant at a point less than 
0.3 per cent. All containers shall be so 
constructed as to ensure acceptance by 
common or other carriers for safe 
transportation at the lowest rate to the 
point of delivery, unless otherwise speci- 
fied in the contract or order. 

(J) ' if Shipping , ,.contamers 
shall be marked with-, the ,name of the 
material, type, grade, :,and , quantity 
contained therein, ' as : , defined :,,by .the 
contract or order under which shipment 
is made, the name of the manufacturer 
and the number of the contract or order. 
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I Bnt(ZttVB ^pBciJicdtions foT 
CAST ALLYL PLASTIC SHEETS, RODS, TUBES, AND SHAPES* 



A.S.T.M, Besignatioa: B 819 — 45 T 

Issued, 1945.2 

l^liesc rentative Specificiitions have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover allyl plas- 
tic sheets, rods, tubes, and otlier shapes 
produced by casting or machining cast 
blanks. These specifications .do not ap- 
ply to heat-formed parts and shapes or 
sections that are made by assembling 
two or more pieces, 

NoTE.“'’-The properties included in these 
specifications are tht)se rccpiired to identify the 
types and grades of materials covered. There 
may be other reejuirements necessary to identify 
particular characteristics. These will be added 
to the specifications as their inclusion liecomes 
generally desirable and the necessary test data 
and methods become available. 

Types and Grades 

2. These specifications cover one type 
of„cast allyl plastics: namely, a general 
purpose, .material. 


General Requirements 

3. The size, shape, dimensional tol- 
erances, surface finish, and color shall be 
as specified by the purchaser in the con- 
tract or order (Note). 

Note, — S heet material is available in the 
following standard sizes: 

Width, in 45 

Length, in 57 

Nominal thickness, in ’ 

Sheet material is subject to permissible varia- 
tions of plus or minus ife in. in width and 
length, and to the following permissible varia- 
tions in thickness from the specified dimensions: 


^ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-20 on Pla-stics. 

By publication of these specifications, the Amencatl 
Society for Testing Materials does not undertake toppsure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. _ 

^ Accepted by Committee E - 10 on Standards, May 
10,1945. 


Nominal Thickness, 
in. 

Permissible Variations,® in. 

Under 

Over 

' 

0.012 

0.020 

% 

0.011 

0.018 

H 

0.015 

0.023 

Ke 

0.022 

0.022 

H 

0.030 

0.038 



0.034 

0.046 

H 

0.040 

0.045 

H 

O.OSS 

0.060 


® These permissible variations apply at any point on 
the surface of the sheet. 

Rods and tubes are subject to the following 
permissible variations from the specified dimen- 
sions: Plus or minus A in. in length, plus or 
minus 10 per cent in outside diameter, and plus 
or minus 5 per cent in inside diameter- 
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Detail Reqtiiremeiits 

' 4. The material shall conform to the 
requirements prescribed in Table I. 

Sampling 

5. A sample shall be selected from 
sheet in thickness sufficient to deter- 
mine conformance of the material to 
these specifications. In the case of ma- 
terials that are normally processed only 
into special sizes and shapes from which 
the required test specimens cannot be 
cut, the test specimens shall be prepared 
specially from the material under condi- 
tions simulating those of the manufac- 
ture of the special size or shape. 

TABLE I.-BETAIL REQUIREMENTS FOR CAST 
ALLYL RESIN PLASTICS. 


Index of refraction, wj) • {max’. 

Specific gravity 2S/4 C. (77/39 , 

Light transmission, min., per cent 

Haze, max., per cent — 

Dispjacement factor (optica] ), max 

Water absorption: 

Gain in weight, max., per cent 

Soluble matter loss, max., per cent — 
Acetone absorption; 

Gain in weight, max., per cent 

Heat distortion deflection at 130 C (266 

F.), max,, mils 

Heat distortion temperature at /min. 

264 psi. fiber stress \max. 

Mar resistance, min,, per cent (1200 g.) . 

Tensile strength, min., psi 

Impact strength (izod), min., ft-lb. per 
in. of notch. 


® A displacement factor of 25 is equivalent to 7 min. of 
arc or H in. image displacement at 25 ft. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials: 

(a) Conditioning T est Specimens.— 
For those tests where conditioning is re- 
quired, the test specimens of allyl plas- 
tics shall be conditioned in accordance 
with Functional Procedure A of the 
Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (A.S.T.M. Designation: 
D618).3 

® Appears in this publicationj, see Contents in Ntnneric 
Sequence of A.S.T.M. Designations at front of book. 


(6) Test CondMions—Tlit tt^ts shall 
be conducted in the standard laboratory 
atmosphere of 25 ,db 1 . C. (77 ' ± 2 F.) 
and SO zt 2 per cent relative humidityj 
unless otherwise specified in, the testing 
methods or in. these specifications. 

(c) Index of Standard 

Methods of Test for Index of Refraction; 
of Transparent 0,rganic ..Plastics (A.S. 
T.M. Designation: D 542),^ using one 
of the exposed surfaces of the test speci- 
men that has been given any necessary 
polish without gross removal of material. 

(d) Specific Method A of the 

Tentative Methods of Test for Specific 
Gravity of Plastics (A.S.T.M. Designa- 
tion: D 792). » 

{e) Light Transmission— 

Method of Test for Luminous Reflec- 
tance and Transmission Characteristics 
and Color of Plastic Materials (A.S.T.M. 
Designation: D 791 

if) Eaze , — Tentative Method of Test 
for Haze of Transparent Plastics by 
Photoelectric Cell (A.S.T.M. Designa- 
tion: D 672),^ except that the test speci- 
mens shall have a thickness not over | in. 

(g) Displacement Factor . — Standard 
Method of Test for Surface Irregularities 
of Flat Transparent Plastic Sheet (A.S. 
T.M. Designation: D 637),^ using test 
specimens consisting of flat sheets 18 by 
18 in. 

(h) W ater Absorption . — Standard 
Method of Test for Water Absorption, of 
Plastics (A.S.T.M. Designation:!) 570),*^ 
using the 24-hr. immersion procedure 
and test specimens | in. in thickness. 
The test specimens shall be conditioned 
and reconditioned for 24 hr. at 50 ± 3 G. 
(122±5F.). 

(i) Acetone Absorpiwn.Stdind 2 iTd 
Method.' of Test for .Resistance of. Has-' 
tics to ..Chemical ...Reagents (A.S.T.M..., 
Designation: D 543). L Only the ace- 
tone reagent 'Shall be' used and'' only 'th'e'.. 
weight change of the sample shall be 
determined. 


1.49 
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(j) Heat TeEtative Meth" 

! od of Test for Heat Distortion Tempera- 
ture of Plastics (A.S.T.M. Designation: 

' D'648)*^ The: test specimens shall be 
taken from material as received. Any 
square, rectangular, or cylndrical test 
specimen may be used: but the test load 
used shall be calculated on the basis of 
a center-loaded beam in which the outer ' 
fiber stress produced , is ^ 264 psi. Pieces 
of thin sheets | in. in width may be 
stacked and bound together to form a 
test specimen approximately J by in. 
If such a specimen is used, it shall be 
loaded parallel to the width of the as- 
sembled pieces. The test shall be con- 
tinued to 130 C. (266 F.) and the 
amount of distortion between 25 and 
130 C. (77 and 266 F.) shall be recorded. 

{h) Mar Resistance— Stsinddixd Meth-. 
od of Test for Mar Resistance of Plas- 
tics (A.S.T.M. Designation: D 673).3 
The test shall be made with 1200 g. of 
emery. 

: (I) Tensile Strength. — Tentative 

Method of Test for Tensile Properties of 
Plastics (A.S.T.M. Designation: D 638).® 
The test specimens shall be taken from 
material as received and determinations 
made on at least five specimens and the 
results averaged. 

(m) Impact. Strength (Izod). — Method 
A of the Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 256).® The test speci- 
men shall be taken from material as 
. received. 

Rumber'ni Tests',, r 

7. One set of test specimens as pre- 
scribed in the methods of testing (Sec- 
tion 6) shall be considered sufficient for 
testing each batch. , The, average result 
for the specimens tested shall conform to 
the requirements prescribed in these 
specifications. All of the tests listed 
in Section 6 shall be used to establish 
conformity of a material to these specifi- 


cations. It is recommended that routine 
inspection be limited to the following: 

For Sheets: 

Thickness and Dimensions^ 

Appearance, and 
Displacement Factor. 

For Rods and Tubes: 

All dimensions, and 
Appearance. 

Retest and Rejection 

8. If the results of any test do not con- 
form to the requirements prescribed in 
these specifications, at the option of the 
manufacturer that test shall be repeated 
on two additional sets of specimens from 
the same batch or shipment, each of 
which shall conform to the requirements 
specified. If either of these two addi- 
tional sets of specimens fails, the material 
may be rejected at the option of the 
purchaser. Notice of failure of material 
based on tests made in accordance with 
these specifications shall be reported to 
the manufacturer within three weeks 
from the receipt of the material by the 
purchaser. Any material which it is 
claimed has failed to conform to the re- 
quirements of these specifications shall 
be retained in the original packages until 
proper disposition has been agreed upon 
by the manufacturer and the purchaser. 

Packing and Marking 

9. (a) Packing . — ^The material shall 
be packed in standard commercial con- 
tainers, so constructed as to insure ac- 
ceptance by common or other carriers 
for safe transportation at the lowest 
rate to the point of delivery, unless 
otherwise specified in the contract or 
order. 

(&) Marking . — Shipping containers 
shall be marked with the name of the 
material, type, grade, form, and the 
quantity contained therein, as defined 
by the contract or order under which 
shipment is made, the name of the manu- 
facturer, and the number of the contract 
or order . 


Tentative Specijications for 


MOLDS FOR TEST SPECIMENS OF MOLDING MATERIALS 
USED FOR ELECTRICAL INSULATION! 



A.S,T.M. Designation: D 647 - 45 T 

IssxTEi), 1941; Revised, 1942, 1945.* 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St,, Philadelphia 3, Pa. 


Scope 

1. These specifications cover the de- 
sign of standard molds to be used to 
mold test specimens from molding ma- 
terials used for electrical insulation. 
The press and molding cycle used in 
molding test specimens should be agreed 
upon by the purchaser and the seller 
of the material. 

Note.— -T he design of any molds not yet 
covered by these Specifications should be agreed 
upon by the seller of the material and the pur- 
chaser, in order to obtain concordant results. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-20 on Plastics. 

* Latest revision accepted by the Administrative Com- 
mittee on Standards, December 8, 1945. 


Molds for I by § by 5 in. Specimen 

2. Molds for the | by f by S in, or 
the f by I by 2| in. test specimens may 
be the single bar, single cavity positive 
mold type and shall conform to the de- 
sign and dimensions shown in Pig. 1.® 

Molds for Disk Test Specimen 

3. Molds for the disk test specimens 
2 in. or 4 in, in diameter shall be of the 
design and dimensions shown in Fig. 2. 

Molds for Tension Test Specimen 

4. Molds for the tension test specimen 
shall be of the design and dimensions 
shown in Fig. 3.® 

* Blueprints of detailed drawings for the construction 
of the molds shown in Figs. 1 and 3 are available at a 
nominal cost from the American Society for Testing Ma- 
terials, 1916 Race St„ Philadelphia 3, Pa, 
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Tentative Method of Test for 

ACETYL AND BUTYRYL CONTENT OF CELLULOSE 
ACETATE BUTYRATE' 


A,S#T.M* Designation: D 817 - 44 T 
Issued, 1944.^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the procedure 
for determining by chemical analysis the 
acetyl and biityryl content of cellulose 
acetate butyrate. 

Outline of Method 

2, The total acyl content of the ester 
is determined, a mixture of the combined 
acids is isolated, and the molar ratio of 
the acids in the mixture is determined on 
the basis of the distribution ratios of the 
acids between water and yz-butyl acetate. 
The distribution ratios are determined 
for the individual acids, using samples of 
known high purity, and from these values 
and the distribution ratios of the mixed 
acids the molar ratios of the acids are 
calculated. From the total acyl content 
and the molar ratios of the acids the 
percentages by weight of acetyl and 
butyryl are calculated. 


y Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S,T.M. 
Committee I>"20 on plastics. 

This method of analysis is covered by U. S. Patent No. 
2,069,892 owned by Eastman Kodak Company. However, 
in order to promote the better understanding of cellulose 
esters containing a plurality of fatty acid groups of 2 to 
4 carbon atoms, such as cellulose acetate propionate and 
cellulose acetate butyrate, Eastman Kodak Company 
grants a royalty-free, non-exclusive license to use the 
method of analysis defined by its U. S. Patent No. 2,069, 
892 for the full term of that patent, provided that such 
license shall not extend to the analysis of esters which, 
or the process or apparatus for making which, are in 
violation of any other patent owned or controlled by it. 

2 Accepted by Committee E-iO on Standards, Decem- 
ber 11, 1944. 


Apparatus 

3. Vacuum Distillation Apparatus , — - 
The vacuum distillation apparatus shown 
in Fig. 1 will be required. The SOO-mi. 
round-bottom flask A shall be fitted with 
a stopper carrying a very small capillary 
inlet tube B and a Kjeldahl distilling 
head C. The Kjeldahl distilling head 
shall be connected to a vertical condenser 
D having an outlet tube long enough to 
reach within 3 in. of the bottom of the 
500-ml. distilling flask E used as a re- 
ceiver. The Kjeldahl distilling head 
shall be equipped with a funnel F for 
adding extra water during the distilla- 
tion. A water bath G for heating the 
sample and a cooling bath E for cooling 
the receiver shall be provided. 

Reagents 

4. (a) Ethyl Alcohol {75 per cent), 

(&) Sodium Hydroxide Solution {ap- 
proximately 1 N). 

{c) Standard Sodium Hydroxide Solu- 
tion {0,5 N), 

id) Standard Sodium Hydroxide Solu- 
tion {0.1 N), 

{e) Standard Hydrochloric Acid {0,5 
N). 

(/) Acetone,— AcQtone neutral with re- 
spect to pH. 
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Test: FOR Acetyl and Butyryl Content (D 817 ~ 44 T) 


(g) Phosphoric Acid (1 M ), — Dilute 
68 ml. of H3PO4 (85 per cent) to 1 liter 
with, distilled water. : 

(h) n-Butyl Acetate.--'PTepdixe ;^-'butyl 
acetate, for use as an extraction solvent, 



To Vacuum 
Line 


A — Fksk containing sample (500-ml,, round- bottom). 
B — Capillary inlet tube. 

C—Kjeldahl distilling head. 

D — Condenser, 

j^-— Receiver (SOO-ml. distilling flask). 

E— Funnel for adding water. 

0~Water bath for heating sample. 
jBT—Cooling bath for receiver. 

Fig. 1. — Vacuum Distillation Apparatus 
for Mixed-Ester Analysis. 


free of acidity and water and containing 
little, if any, butyl alcohol. 

Note.— A convenient method of preparing 
butyl acetate for use is as follows: 

To 5 gal. of »-butyl acetate (90 to 100 per 
cent as received from the producers, and as 


nearly free of acid and alcohol as possible), add 
about 0.51b. of anhydrous Na 2 C 03 and about 
0.5 lb. of anhydrous Na2S04. This is preferably 
done in a .5-gaL, bottle. Agitate, the solution 
thoroughly, and allow to settle for 24 hr. or 
longer. For use, siphon off the clear liquid and 
filter. It is best to draw off only what will be 
used in a day or two and leave the remainder in 
the stock bottle over the dehydrating salt. 

Check for acidity by shaking 60 ml. of the 
w-butyl acetate with 30 ml. of distilled water in 
a 125-ml. separatory funnel for about 1 min. 
Allow to settle, draw off the water layer, and 
titrate with 0.1 iV* NaOH, using phenolphthalein 
as the indicator. If this requires more than 
0.02 ml of 0.1 iV NaOH, the solution should be 
reagitated and checked again. 

(i) Acetic and Butyric Acids , — Acetic 
and butyric acids of tested purity. 

Determination of Total Acyl Content’’^ 

5. {a) If the sample is not in a soft 
fluffy form, grind or powder it.^ Dry 
the sample to constant weight (about 2 
hr.) at 100 to 105 C. and cool in a 
desiccator. 

(6) Place duplicate 1-g. portions of the 
sample, accurately weighed on an analyti- 
cal balance, in Erlenmeyer flasks, add 40 
ml. of ethyl alcohol (75 per cent) to each 
flask, and stopper the flasks. Heat for 
30 min. at about 55 C. in a water bath or 
an oven to swell the fibers. Add 40 ml. 
of 0.5 N NaOH, accurately measured 
from a burette, to each flask, stopper the 
flasks loosely, and heat them at about 55 
C. for 15 min. Tightly stopper the flasks 
and allow them to stand for two days at 
room temperature, 

(c) Back-titrate .the excess NaOH with 
standard 0.5 N HCl, using phenolphtha- 
iein as the indicator. After reaching a 
temporary end point, allow the flask to 
stand at least 30 min, so the NaOH can 
diffuse from the fibers. Add 0.5 N HCl 
at intervals until all the free NaOH has 
been^ neutralized ' (Note).^ . Great ..care 
must be taken. at, this point, or poor check 
values will be obtained. 

* All glassware_shoul,d be chem.ically,, resistant. 

^ A Wiley mill is suitable for this purpose 


Test FOR Acetyl AND Bxjtyryl Content (D 817-44'T) 
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Note.— I f unsatisfactory results are obtained 
and there is evidence that the alkali is not react- 
ing properly due to the nature of the precipi- 
tate, the material may be dissolved in a solvent 
such as acetone and reprecipitated into a fluffy 
form, or the alternative procedure for deter- 
mination of total acyl content described in Sec- 
tion 6 may be used, 

(d) Calculate the total acyl content as 
percentage apparent acetyl as follows: 

Apparent acetyl, per cent *=» 


VN - ViNi 
W 


X 4.302 


where: 

Y — milliliters of NaOH solution re- 
quired for titration of the 
sample, 

N == normality of the NaOH solution, 
Vi = milliliters of HCl required for ti- 
tration of the sample, 

Ni = normality of the HCl, and 
W “ grams of sample used. 

(e) If duplicate determinations differ 
by more than (),S per cent apparent 
acetyl, the analysis shall be repeated. 

Alternative Determination of Total Acyl 
Content® 

6. (a) Weigh approximately 1.5 g. of 
the sample into a glass weighing bottle. 
Dry the sample to constant weight 
(about 2 hr.) at 100 to 105 C. Cool in a 
desiccator and weigh accurately. Trans- 
fer to a 300-ml Erlenmeyer flask, and 
weigh the empty bottle to obtain the 
weight of sample taken by difference. 

{b) Add 5 ml of distilled water and 
allow the sample to become thoroughly 
wet. Add 50 ml of neutral acetone to 
the flask and close with a rubber stopper. 
Do not allow the solution to come in 
contact with the stopper. Place the 
flask in a shaking machine as soon as the 
acetone has been added, so that the 
sample will dissolve readily without 
balling up. 


{c) When solution is complete, remove 
the stopper carefully and add slowly 50 
ml. of 0.5 N NaOH (use temperature 
correction on the burette), while swirling 
the flask. The cellulose acetate butyrate 
should precipitate in very fine particles, 
free of lumps. Place the flask in the 
shaker for 1 hr, at 20 C. At the end of 
this time remove the flask from the 
shaker, loosen the stopper, and allow it 
to drain into the flask for 2 or 3 min. 
Add phenolphthalein indicator and 
titrate with 0.5 N HCl (use temperature 
correction on the burette). 

{d) When the titration nears the end 
point, as evidenced by fading of the pink 
color from the solution, add approxi- 
mately 1 ml. more of the 0.5 N HCl to 
go past the end point. Shake vigorously 
for 2 min. Back-titrate with O.S N 
NaOH to faint pink end point, adding 
1 drop of 0.5 N HCl, which should fade 
out the slight pink. Add the amount of 
NaOH used in this titration to the origi- 
nal amount of NaOH used in starting the 
test (Paragraph (c)). 

{e) Calculate the total acetyl content 
as percentage apparent acetyl in accord- 
ance with Section 5 (d). If duplicate 
determinations differ by more than 0.5 
per cent apparent acetyl, the analysis 
shall be repeated. 

Isolation of the Mixed Acids 

7. (a) Heat duplicate 3-g. portions of 
the sample, not especially dried nor 
accurately weighed, with 60 ml. of 
approximately 1 N NaOH in 500-mL, 
round-bottom, chemically resistant glass 
flasks in a water bath at 40 C. for 48 to 
72 hr. At the end of this time add 60 ml 
of 1 M H 3 PO 4 solution to each flask 
(enough to form monosodium phosphate, 
which liberates the organic acids from 
their sodium salts). 

(5) Assemble the vacuum distillation 
apparatus as illustrated in Fig, 1. Heat 
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the 500-ml; round-bottom flask contain- 
ing the sample in a water bath, and 
vacuutii distill the acid solutions to dry- 
ness, allowing a small stream of airhub- 
bles to enter to avoid bumping, ifeeep 
the receiver cooled to 0 C. Add 25 ml: 
of distilled water to the residue- in each 
flask and again distill to dryness. Re- 
peat the distillation to dryness with a 
second 2S-mL portion of distilled water. 

Note.— In this operation it is not necessary 
to Work with quantitative accuracy at all stages, 
but it is necessary to obtain water solutions of 
the acids in the same ratios as they occur in the 
esters. The volume of the distillate and rins- 
ings is usually 200 to 250 ml, which in the ma- 
jority of cases automatically adjusts the acidity 
of the distillate to from 0.06 to 0.12 N, the range 
desired for subsequent extractions. 

Determination of the Molar Ratios of the 

Acids 

8. (a) Titrate a 2S-ml. portion of the 
distillate (Section 7 (i)) with 0.1 N 
NaOH, using phenolphtlialein as the 
indicator. Designate the volume of 
NaOH required as M. Shake 30 ml. of 
the distillate in a small separatory funnel 
with IS ml. of ?^-butyl acetate. Measure 
these volumes accurately using pipettes 
and burettes. Shake the mixture thor- 
oughly for 1 min., allow the layers to 
separate for 2 min., and draw off the 
aqueous (lower) layer. Pipette out 25 
ml. of the solution and titrate against 
0.1 N NaOH (Note 1). Designate the 
volume of NaOH required as Mi, 
Calculate If, the percentage distribution 
ratio of the acids in the distillate, as 
follows: 

jr = ~ X 10 0 

M: ■ 

Note 1. — It should be kept in mind that all 
these determinations are ratios and not quanti- 
tative; however, accuracy of duplication is very 
important. Ail measurements must be made 
as exactly as those made by standardizations of 
the solutions and equipment. 


(b) In, the same manner determine the 
distribution ratios for acetic and butyric 
acids. Dilute a sample of each acid of;,: 
tested purity with distilled water to give-, 
an approximately 0.1 . N solution., Ti-' 
trate 25-n;il. portions and extract 30-mL ' 
portions, following exactly the same, pro- , 
cedure as used for the .mixtures (Para- 
graph (a)). Calculate the distribution 
ratios for the pure acids, as decimal 
fractions, as follows (Note 2): 



where: 

ka == distribution ratio for acetic acid 
under the conditions described, 
and 

kb = distribution ratio for butyric acid 
under the conditions described. 

Note 2.— The constants must be checked 
occasionally and must be determined by each 
operator for each supply of butyl acetate. 
Blanks should be run on tlie l>iityi acetate, since 
it may develop acidity on standing, particularly 
if it contains a little water. All measurements 
should be made, with good i)i])ettes or burettes, 
and extreme care and cleanliness observed dur- 
ing the whole operation. The accuracy of the 
procedure can be checked l>y testing an acid 
mixture of known com})osition. 

(c) CakidaMon af Molar Raiios of the 
^aVfo.—Cakulate the molar ratios of 
butyric and acetic acids in the mixed 
acids as follows (Note 3) : 

hlQ ^g 

kb — ka 

A = 100 - B , , 

where: 

B = mole percentage of, butyric acid, 

K ” percentage distribution, ratio of the 
acids in the distillate, (Paragraph 

ka = distribution .ratio, of, acetic acid 
^ (Paragraph ' 
kb ^ distribution^ ratio ,,. of .butyric, acid: 

(Paragraph (6)), and 
A = mole, .percentage of acetic acid.,^ , 



811 


Test IFOR Acetyl and Bdtyryl Content, (D, 817 -'.ll .T) 


Note 3„— In order to evaluate two unknowns, 
two simultaneous algebraic equations involving 
the two unknown qua,ntities, are necessary. In 
the case of a binary acid mixture, the sum of the 
mole percen tages of the acids present represents 
the total a.cidity, or 100 per cent. If A. and B 
represent t.htv mole percentages of acetic and 
butyric a,cids respectively: ' 

A -f B « 100 
: Aku -h:Bh=^ K 

The distribution ratios ka and 7^6 are known 
and refer to the pure individual acids, whereas 
the distribution ratio K refers to the binary mix- 
ture. By solving these equations for B, the 
formulas given in Paragraph (c) may be derived. 


Calcuiation of Acetyl, and 'Butyryl Content 
9. Calculate the percentages by weight 
of acetyl and butyryl as follows: 

Acetyl, per cent *= AC 

71 

Butyryl, per cent = BC X -r 
43 ■ 

where: 

A == mole percentage of acetic acid 
(Section 8), 

B = mole percentage of butyric acid 
(Section 8), and 

C = percentage by weight of apparent 
acetyl (Section 5 or Section 6). 


Tentative Method of Test for 

AMMONIA IN PHENOL-FORMALDEHYDE MOLDED 

MATERIALS' 



A.S,T.M, Designation: D 834 - 45 T 
Issued, 1945.2 


This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the determina- 
tion of ammonia in phenol-formaldehyde 
molded parts and molding powders. 

Apparatus 

2. (a) Nessler Tubes . — Nessler tubes 
of 50-mL capacity (either tall- or short- 
form). 

(5) Nesslerimeter, 

(c) Balance . — balance sensitive to 
at least 0,01 g. 

(d) Pipettes . — Pipettes of suitable ca- 
pacities, including 100 , 10 , and 2 ml. 

(e) Flask . — A 250-mL glass-stoppered 
flask. 

(/) Distillation Flask.— A 100-ml. 

Claissen-type distillation flask, 

(g) Condenser. 

{h) Crucible . — A sintered-glass cruci- 
ble of medium porosity (conveniently 
of 30-mL capacity), or equivalent. 

{i) Bunsen Burner. 

(j) Porous Plate.— Chips of porous 
plate. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee I>-20 on Plastics. 

2 Accepted by Co mm ittee E-10 on Standards, June 27, 
1945. 


Reagents 

3. (a) Ammonia- Free Distilled Water. 
—Boil distilled water in a glass vessel 
for 2 min., and cool. 

( 6 ) Potassium Permanganate, c.p.— 
Either solid KMn 04 or a saturated aque- 
ous solution. 

(c) Sodium Hydroxide Solution {20 g. 
per /.).— Dissolve 20 g. of NaOH in 
ammonia-free distilled water and dilute 
to 1 liter. 

{d) NesslePs Reagent.— Dissolve 50 g. 
of KI in the smallest amount of cold dis- 
tilled water. Add saturated HgCb solu- 
tion until an excess is indicated by the 
first slight formation of a permanent 
precipitate. Add 400 ml. of KOH (550 
g. per L), at which time a heavy white 
precipitate will form. Add more satu- 
rated HgCb solution until a pale yellow 
color develops. Dilute to about 1 liter 
with distilled water and allow to 
settle. Draw off the clear supernatant 
liquid for use as Nessler 's reagent. The 
Nessler’s reagent should give a distinct 
coloration with 500 ml. of water con- 
taining 0.005 mg. of NH 3 . If this is not 
obtained, the reagent can be made more 
sensitive by the addition of more HgCb. 
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(e) Standard Ammofiia Solution (1 ml. 
= 0.01 mg. iVHs).— Dissolve 3.141 g. 
of c.p. NH4CI, which has been well dried 
at 100 C.j in 1 liter of ammonia-free dis- 
tilled water in a 1 -liter volumetric 
flask. Pipette 10 ml of the solution 
into a l-liter volumetric flask and dilute 
to 1 liter with ammonia-free distilled 
water. This standard is stable ’and, 
if kept in a well-stoppered flask, will 
keep indefinitely. 

(/) Color Standards . — ^Pipette into 
Nessler tubes known volumes of the 
standard ammonia solution, such that 
the NH 3 content increases in 0 . 01 -mg. 
steps. Dilute each color standard to 
SO ml., and then add to each standard 2 
ml. of Nessler’s reagent (Note). 

'HotKi Stability of Standards. — Since the color 
developed chang(‘s slowly and continuously, it 
is important to add the Nessier’s reagent to 
sample and standards at about the same time. 
The maximum interval for !)est results is 30 
rain, 

Preparation of Sample 

4. Reduce the sample, if necessary, 
with a rasp or other means so as to pass 
a No. 60 (25()-micron) sieve, taking care 
not to overheat the sample. Keep the 
sample in a tightly stoppered flask until 
analyzed. Due to the high volatility of 
ammonia, carry out the analysis as 
rapidly as possible after reducing the 
sample. 

Procedure 

5. {a) Weigh 10 g. of the prepared 
sample on the balance to the nearest 
0.01 g. Place in the 2 S 0 -mL glass- 
stoppered flask and cover with 100 ml. of 
ammonia-free distilled water at 90 to 
100 C. Stopper and allow to cool at 
room temperature for 1 hr., while shak- 
ing 'frequently,. 

(5) Filter rapidly through a medium- 
porosity sintered-glass filter crucible. 
Pipette 10 ml, of the filtrate into a 


100 -ml, Claissen-type distillation flask. 
Add 1 g. of solid KMn 04 or 1.5 ml. of 
saturated KMn 04 solution. Add 10 
ml. of NaOH (20 g. per L), Drop a few 
chips of porous plate into the flask to 
minimize “bumping.” Stopper the flask 
with rubber stoppers. Mix well, and if 
necessary, add more KMn 04 so that the 
purple color is maintained. (Note.) 

Note. — Before any samples are determined, 
it is advisable to eliminate all traces of NH 3 
from the apparatus by running a blank deter- 
mination using 10 ml. of ammonia-free distilled 
water. The apparatus is then ready for a 
sample determination. 

{c) Distill the sample slowly so as to 
prevent the entrainment of any KMn 04 , 
and collect the first 15 ml. of the distil- 
late in the SO-ml. Nessler tube. Dilute 
the distillate to the 50-ml. mark with 
ammonia-free distilled water, and add 
2 ml. of Nessler^s reagent. 

{d) Using the Nesslerimeter, compare 
the color developed in the Nessler tube 
containing the sample distillate against 
the prepared color standards (see Sec- 
tion 3 (f)). For good color definition, 
the highest concentration of the standard 
solution used should not exceed 0.06 
mg. of NHs. If the color developed in 
the sample is darker than this, a lO-ml. 
aliquot of the filtrate may be diluted to 
a known volume in a volumetric flask 
and a lO-ml. portion of this diluted solu- 
tion may be used in the distillation 
(Paragraph (c)). 

Calculation 

6 . Calculate the percentage of am- 
monia in the sample as follows: 

SD 

NHs, per cent = — 

where: 

S = milligrams of NH 3 in the matching 
color standard, and 

D — dilution factor (if sample is diluted 
before distillation). 
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ESTIMATING BLOCKING OF PLASTIC SHEETS^ 



' A,S.T,M, Designation : D 884 - 46 T ' 

Issued, 1946.^ 

TMs Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. ' Suggestions for revisions .should 
be addressed to the 'Society at -1916 Race St,, Philadelphia 3, Pa. 


. .,1. This method, is intended ■ to give 
information regarding the degree of 
blocking of plastic sheets under standard 
conditions of temperature and pressure. 
Depending on the end use of the sheet 
materials, different degrees of blocking 
may be permissible. No single set of 
conditions of test can give results indi- 
cating the degree of blocking to be ex- 
pected under all conditions of use 
(temperature, humidity, pressure, time). 
Several conditions of test are given to 
duplicate various conditions of use or 
to give short-time indications of behavior 
in use. This method is applicable to 
comparatively thin, flexible plastic sheets 
which should show no blocking, or only 
a slight degree of blocking, during storage 
'and', use.; ,, '• 

Blocking 

2. Blocking is the adhesion between 
touching layers of a material, such as 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

2 Accepted by the Society at annual meeting, June, 
1946. 


■occurs .under moderate pressures during, 
storage or .use.. 

Apparatus 

3. The apparatus shall consist, of the ' 
fonow.i.ng.* 

(a) Glms Plnle.— Pieces of plate glass 

3 by 4 in. "by approximately xV 
■thickness. ^ 

, (&) Paper, S by 5-iii,. pieces of news- 
print approximately ()i)()3 in. in thick- 
ness. 

■ (c) . Oven —Constmit temperature oven, 
which. can be: kept at any te.mperature, 
.up .to, 85.. C. within limits of plusmr 
minus 1, C. 

(^) of 4 lb. and 

12. lb,, .having a base area between, 2 by 
3' in. and 3,„by 4 in. 

Test Specimens 

4. Twelve test specimens 3 by 5 in. 
shall be .cut .from each sa,mple for each 
. testll 

Conditionisig Test Specimens 

5. (a) Specimens ... and paper Tor , test 
at SO C. (122 F.) or higher, as provided 
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in SectioE' ,6 (^ 2 ), shall be conditioned for 

24 hr, at. 25 rh 1 , C. .(77 d= ,2 F.) .and at 
SO ± 2 per cent relative, humidity, ' '■ 

(b) Specimens, fo'r test at ^ 38 ,C. 
(100 . FO, as provided in Section 6, (e), 
shall : be conditioned for 24 hr., 'at 

25 dr 1 ,C, (77 zb 2 F,), and in a saturated 
atm.osphere (Note)., 

Note. — Saturated atmosphere is defined as 
the conditions existing in a space where, the capa- 
city to hold moisture as a pure gas has been ex- 
ceeded, producing condensation, precipitation, 
dew, etc. This condition is sometimes erron- 
eously .referred to .as^ 100. per cent relative 
.humidity. 

Procedure . .. 

,, 6, Many p.lastic sheets are of such 
composition that their two. , surfaces 
(back and face) show different degrees.' 
of , blocking. . The three possible surface 
combinations (face to face, face to back,- 
.and back to back) shall be .tested under a 
pressure of | or 1 psi, as follows: 

(a) Make. a pile-up .consisting .of three 
sandwich co.mbination.s,, the first being 
prepared as follows: 

3 by -4 hi. glass plate, . 

3 by S in. sheet of newsprint, 

3 by 5 in. specimen, face up, 

3 by, 5 in. specimen, face down, 

,3 by 5 in. sheet, of newsprint, and . 

3 by 4 in. glass plate. 

Repeat, this combination of papers 
(Note), '. sped,mens and ,, glass - , plates 
exce.pt that, in the second sandwich 
place .'.the specimens back to back. 
Repeat a., third time,, but w.it.h the speci- 
mens, back to face. 

Note. — Paper. may be omitted if there is no, 
danger of the specimen sticking to the glass 
plates. When specimens are to be tested at 38 
C. (100 F.), as provided in Paragraph («), use a 
thin, well-calendered paper and condition it in 
the same .manner as the specimens. „ ' " .. 

(b) Align specimens, paper, and glass 
plates so that they are flush along one 
3-in. edge and so that specimens and 


paper extend 1 in. beyond the glass 
plates along the other 3-in. edge. 

(c) Place the weight on top of the 
pile-up, using the 4-lb. weight for a pres- 
sure of I psi., and the 12-lb. weight for a 
pressure of 1 psi. 

(d) For a duplicate test make a second 
pile-up as described in Paragraphs (a) 

to (c). 

(e) Place the pile-ups with weights 
thereon in an oven for 24 hr. maintained 
at one of the following test temperatures 
as specified : 

50±1 C.(122± 2F,),or ■ 
60=blC,(140d=2F,),or 
70±lC,(158±2F.),or 
82 d= 1 C. (180 ± 2 F.), or 
38 dh 1 C. (100 =fc 2 F.), saturated atmosphere 
(See Note, Section 5). 

(/) Remove the pile-ups from the oven 
and keep them at room temperature for 
at least 2 hr. but not longer than 24 hr. 

(g) Remove the successive layers and 
note the degree of blocking between the 
three surface combinations which shall 
be judged as follows: 

Degree N,B.—Nq blocking. No 
adhesion between sheets; sheets slide 
freely. 

Degree VSl.B— Very slight block- 
ing. Sheets do not slide freely, but 
can be made to slide by application 
of slight force. 

Degree 5/. B.— Slight blocking. 
Sheets have to be peeled apart, but 
surfaces remain intact. 

Degree B. — Blocking. Sheets have 
to be peeled apart and surfaces are 
damaged. 

Report 

7. The report shall include the fol- 
lowing: 

(i) Identification of material, 

{2) Degree of blocking for each 


816 / Method of Estimating Blocking of Plastic .Sheets (D 884 - 46 T) 


combination of surfaces, for example, 
ffSLB., bb-B. (that is, face to face, 
slight blocking; back to back, 
blocking), 

C?) Pressure applied (| or 1 psi.), 
and 


(4) Time and temperature of ex« 
posure. ' When the specimens, have 
been conditioned at. 38 C. (100 F.), as 
provided in Section 6 (^), report also, 
how the nom.inal ^ ^saturated atmos- 
phere’’ was obtained* ' 


Teniative Method oj Test for 
BRITTLE TEMPERATURE OF PLASTICS AND ELASTOMERS * 


A,S,T.M. Designation: D 746 - 44 T 
Issued, 1943; Revised, 1944.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

L This method of test establishes a 
temperature above which compositions 
of plastics and elastomers are not brittle 
when subjected to the conditions herein 
specified. 

Note. — This test does not take into account 
time effects such as may be induced by low tem- 
perature incompatibility of plasticizers in the 
material under test. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Specimen Clamp and Striking 
Member —Tht specimen clamp, de- 
signed to hold the specimen as a canti- 
lever beam, and the striking edge shall be 
capable of motion relative to each other 
at a constant linear speed of 6.5 db 0.5 ft. 
per sec. at and during impact. The dis- 
tance between the center line of the 
striking edge and the clamp shall be 0.25 
db 0,01 in. at impact. The striking edge 
shall have a radius of 0,062 rb 0.005 in. 
These dimensional requirements for the 

A Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D"20 on Plastics. 

2 Revision accepted by the Society at annual meeting, 
June,. 1944. 


recommended apparatus are shown in 
Fig. 1. 

Note. — A recommended apparatus is shown 
in Fig. 2. The striking arm is driven by a motor 
which may require as many as 8 revolutions in 
order to attain its steady-state speed. A sta- 
tionary specimen is clamped in a yoke which is 
centered about the drive shaft of the striking 
arm and is locked in the position shown during 
conditioning and impact. When unlocked, the 
yoke may be rotated out of the tank for inspec- 
tion of the specimen just tested and insertion of 
the new specimen. The worm and gear disen- 
gage after impact and a catch (not shown) is 
provided to prevent the striking arm from falling 
back against the specimen, 

{h) Thermometer. — A thermometer 
graduated in 1 C. divisions and having a 
range suitable for the temperatures at 
which determinations are to be made 
shall be used. It shall be located as 
near the specimen as possible. 

(c) Heat’Transfer Medium.— Any 

heat-transfer medium which remains 
fluid at the test temperatures and which 
will not appreciably affect the materials 
being tested may be used. Among the 
liquids that may be found suitable for 
low-temperature use are acetone, ethyl 
alcohol, butyl alcohol, normal hexane, 
and methyl phosphate and water in the 
817 
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ratio of 87 to 13 by volume. Acetone, 
methyl alcohol, and ethyl alcohol are 
suggested for use with natural and syn- 
thetic rubbers. F or temperatures down 
to —120 C, methyicyclobexane and 
liquid nitrogen may be suitable. If the 
brittle temperature of specimens im- 
mersed for 1 hr. in the heat- transfer 
medium in the vicinity of their brittle 
temperature differ appreciably from 
others soaked for 3 min. and tested at the 
same temperature, the heat-transfer me- 



FiG. 1. — Dimensional Requirements for Speci- 
men Clamp and Striking Arm, 

dium shall be considered to affect the 
material. In any case, air shall be the 
reference heat-transfer fluid or medium. 

^ Temperature ControL—Snitohle 
means (automatic or manual) shall be 
provided for controlling the temperature 
of the heat-transfer medium within plus 
or minus 0.5 C. of the desired value. 
For liquids, powdered dry ice (solid 
CO 2 ) and an electric immersion heater 
are recommended means of accomplish- 
ing this. 

(e) Tank or Test Chamber. -r- A: tank 
(for liquid heat-transfer media, see Fig. 


2) or a test chamber (for air) shall be 
provided as a part, of, the test apparatus. 

(/) Stirrer —k stirrer for liquids or a 
fan or blower for air, .which insures 
thorough circulation of t.he heat „transfer 
medium,, shall be, provided. 

Test Specimens 

3. The test specimens shallbe 1.50 =b 
0.05 in. in length, 0.250 rt 0.015 in. in 
width, and 0.075 ± 0.010 in. in thickness. 
Other values of specimen thickness may 
be used provided it can be shown that 
they give equivalent results for the ma- 
terial being tested. 

Procedure with Liquid Heat Transfer 

Medium 

4. (a) Before running a test, the bath 
shall be prepared and the apparatus 
brought to the lowest temperature to be 
used. This may be accomplished by 
placing approximately 4 lb. of powdered 
dry ice in the insulated tank and slowly 
adding the heat-transfer liquid until the 
tank is filled to a level approximately 1 
to 2 in. from the top. During the test 
the tem,perature of the bath may be main- 
tained constant by the judicious addition 
of small quantities of powdered dry 
ice. Change of temperature will require 
either the addition of more dry ice or 
use of the electric immersion heater., 

{b) The test specimen shall be 
mounted in the apparatus and submerged 
for ,2.5 ± 0.5 min. at the test tempera- 
ture. In the case of the recommended 
apparatus this shall be done as follows: 
Rotate, the specimen, .clamp yoke out of 
■the bath and insert a, test specimen. 
Tighten the specimen clamp slightly, 
lower the yoke into the bath, and lock 
the specimen yoke firmly in the testing 
position. Adjust llie striking arm to the 
position shown in Fig. 2. 

(c) After immersion for 2.5 ± 0.5 
min, at the test temperature, the tern- 
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perature shall be recorded and the impact 
bio w.,, delivered.,, 

(d) The specimen clamp shall be re- 
moved from the. bath and the specimen 
examined, to determine whether or not it 
has failed. . .Failure is defined as the di- 
vision of the test specimen, into two or 
more completely separated pieces. The 


(f) In establishing the lowest tempera- 
ture of nonfailure of a material, it is rec- 
ommended that the test be started at 
— 70C. or at a temperature below the 
expected temperature of nonfailure and 
specimens tested at intervals of 10 C., 
one at each temperature, until a failure 
is not obtained. The bath temperature 


STIRRER' 
5/(6 MESH SCREEN 
1/8 hP 1725 RPM 
REPULSION START 
INDUCTION RUN 

0BI6O3 BOSTON , 

(9 TEETH REMOVED)! 



GALVANIZED 
SHEET METAL i 


Fig. 2. ““Apparatus for Brittle Temperature Test of Plastics. 


occurrence of fissures or cracks does not 
constitute brittle-type failure although 
their presence shall be recorded in the 
report. For the apparatus shown in Fig. 

2 it is important that the striking arm be 
rotatedmut 'of. the bath before the ..speci- 
men. , This prevents contact ^ between, 
the striking. a,rm. and specim,en . prior to . 
inspection. 

(<?) A new specimen shall be used for 
each test or impact. 


shall then be decreased to the highest 
value at which a failure was observed and 
tests made at successively increasing tem- 
peratures. Steps of 2 C. are recom- 
mended. Tests shall be made at each 
temperature until five consecutive cases 
of nonfailure at one temperature are 
observed, or until one failure is observed. 
If failure occurs, proceed to the next 
higher temperature. The lowest tem- 
perature of nonfailure of five consecutive 
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specimens shall be recorded as the brittle 
temperature of the test materials. 

Procedure With Air as the Heat Transfer 
Medium 

5. (a) Before running a test, the re- 
frigerating unit shall be adjusted, and the 
test chamber, test apparatus, and speci- 
mens shall be brought to thermal equilib- 
rium at the desired temperature. 

(b) The test chamber shall be opened 
and the specimen tested in accordance 
with the procedure described in Sections 
4 (h) to (/), except that the specimen shall 
be inserted in the clamp using forceps to 
avoid warming the specimen with the 
hands, and after closing the chamber the 


impact blow shall not be initiated until 
5 min. after the air in the test chamber 
has returned to its' equilibrium value. 

Report 

6. The report shall include, the fol- 
lowing: 

(1) The brittle temperature,.' which. is 
defined as the lowest temperature of non- 
failure of five consecutive specimens un- 
der the specified test conditions, 

(2) Complete identification of the ma- 
terial tested, including type, source, 
manufacturer's code designation, form, 
and previous history, 

(J) Thickness of test specimen, 

(4) Heat transfer medium used, and 

(5) Date of test. 


Tentative Method of Test for 
COLORB'ASTNESS OF PLASTICS TO LIGHT’ 



A.S.T.M. Designation: B 620 - 45 T 
Issued, 1941; Revised, 1945.^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use p(‘nding adai)tion as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This inethod of test is intended 

to establish a laljoratory procedure for 
evaluating the relative resistance of 
plastics to change in color when exposed 
to sunlight (Note) . Plastics may chairge 
in color because of the action of solar 
radiation on the dyes or pigments or on 
the plastic base. 

Note. — S ome correlation has been observed 
between color changes in plastics resulting from 
exposure to the conditions of this test method 
and those resulting from a much longer exposure 
to sunlight, but no general assumption as to the 
existence or the extent of such correlation should 
be made. 

(&) This method is not intended to 
show the resistance of plastics to 
weathering, that is, continuous exposure 
of the materials out-of-doors. 


Apparatus 

2. The apparatus (Fig. 1) shall con- 
sist of the following: 

(a) Lamp.— A General Electric sun- 
lamp, model BM 12, or an equivalent 


‘Under the standardiaation Korpdure of the SocieW, 

this method , is under the jurisdiction of the A.b.i.iVi» 
Committee ,D-20 on .Plastics. ,, 

2 Revision accepted by Committee E40 on Standaras, 
May 10, ms. 


lamp, equipped wilE a reflector approxi- 
mately 15 in. in diameter at the lower 
rim, and an S-1 bulb which has been in 
use at least 50 hr. and less than 550 hr. 
The S-1 bulb consists of a combination 
tungsten filament - mercury arc en- 
closed in Corex D glass which absorbs 
most of the ultraviolet radiation below 
2800 A (Note 1). The bulb is rated 
at 400 w. The operating voltage shall 
be maintained at 110 d: 2v. (Note 2). 

Note 1. — To measure tbe ultraviolet light 
output of tbe^ S-1 bulb, the actinometer cell 
using an oxalic acid-uranyl sulfate solution 
may be used as described in the Tentative 
Method of Calibrating a Light Source Used for 
Accelerating the Deterioration of Rubber 
(A.S.T.M. Designation: D 749).s As no mini- 
mum value for the ultraviolet output has been 
established, actinometer data are useful only for 
comparisons between lamps. 

Note 2.— To control voltage within the limits 
specified, an automatic voltage-stabilizer such 
as General Electric stabilizer, Catalogue No, 
68G158, may be used. 

(5) A phoiiograph turntable, 

operating at 33 rpm., on wMch shall be 
mounted a light-colored corrosion-re- 
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sistant ' metal disk approximately 17 in.'* mately one third of the outer portion' 
in, diameter - and 0.1 in. in thickness, of the specimen.. 

Two sets of 21 brass machine screws and _ ■ . ■ 

nuts shaU be attached to the disk at Test Specimen ^ 

holes equally spaced on concentric circles 3. The test specimen shall be approxi- 

of approximately 3f-m. and 6-in. radius, mately 2 in. in length and 1 in. in width. 

respectively. The screws may be size The material shall be tested in the thick- 

No, 10, 32 threads to the inch, ^ in. in ness as received. 

length with fillister head. Brass washem Nora.— It is desirable to include a test speci- 

about |m. in diameter and 0.05 in. in men of known discoloration behavior in each 


Fig. 1. — Apparatus for Colorfastness Test of Plastics. 


thickness shall be placed over the nuts 
to support the specimens about ^ in. 
above the surface of the disk. A brass 
plate about 1 in. square and G.QS in. in 
thickness shall be fitted over each of the 
screws of the outer row to cover approxi- 

■^This equipment is used extensively in accelerated 
weathering tests specified by several government agencies. 
These tests require the 17-in. diameter disk and the outer 
row of screws shown in Fig. 1 , 


test series ia order to, guard against tlie, use -of 'a 
defective bulb. A specimen of transparent 
cellulose nitrate plastic J in. in thickness has 
been found to.bO: s-atisfactery. for this purpo-se. 


Pro-cedure 

4. The specimens shall be placed on 
the disk so tlxat they are supported above 
its surface by the washers. The disk 
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shall be centered imder the S4 bulb so 
that the bottom plane of the specimens 
is 7 m from the bottom of the bulb. 
The test shall be so conducted that an 
A.S.T.M. 'Partial Immersion Thermom- 
eter 1C - 39 as prescribed in the Standard 
Specifications, for A.S.T.M. Thermom- 
eters (A.S.T.M. Designation: E 1),^ 
placed on the turntable with its mid- 
point at the center of the disk, will 
read 55 to 60 C. (Note 1). If the 
thermometer reads higher than 60 C. 
a fan shall be provided, placed so that 
it blows against the bottom of the turn- 
table a volume of air sufficient to bring 
the thermometer reading to 55 to 60 C. 
(Note 2). 

Note 1. — The thermometer does not neces- 
sarily indicate the temperature of the samples, 
since the reading of the thermometer is deter- 
mined partly by the amount of radiant energy 
which it absorbs and partly by the temperature 
of its surroundings. 


Note, 2.— If the apparatus is not enclosed, 
and operates in a room in which the ambient 
temperature is 70 to 80 F., the thermometer 
reading will lie between 55 and 60 G, If the 
reading is below 55 G., the temperature can be 
raised by reducing somewhat the air circulation 
around the lamp. 

Report 

5. (a) The relative amount of color 
change of the plastic shall be reported 
as none, slight, appreciable, or extreme. 

Note. — A slight change is defined here as 
one which is perceptible with difficulty. An 
appreciable change is one wffiich is readily per- 
ceptible without close examination but is in- 
sufficient to markedly alter the original color of 
the specimen. An extreme change is one which 
is very obvious and has resulted in a marked 
alteration of the original color of the specimen. 

(5) The character of the color change, 
for example, lighter or darker, and any 
other noteworthy effect of the exposure 
to the light on the appearance or condi- 
tion of the specimen shall be reported. 


Tentative Method of Test for 
COMPRESSIVE STRENGTH OF PLASTICS’ 



A.S,T.M. Designation : D 695 - 44 T 

Issued, 1942; Revised, 1944.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadcliihia 3, Pa. 


Scope 

L This method is intended for use in 
determining the comparative compres- 
sive properties of organic plastics in the 
form of test specimens of standard shape 
and when tested under defined condi- 
tions of pretreatment, temperature, hu- 
midity, and testing machine speed. 
(Notes 1, 2, 3, and 4.) 

Definition of Terms® 

2. (a) Compressive Stress (nominal) 
is the compressive load per unit area of 
original cross-section carried by the test 
specimen at any time during a com- 
pression test. It is expressed in pounds 
per square inch. 

(&) Compression is the change in 
length produced in a longitudinal section 
of the test specimen by a compressive 
load. It is expressed in inches. 

(c) Compressive Strain (or Unit Com- 
pression) is the ratio of the compression 
to the original length of the measured 
compressing section of the test specimen, 


1 Under the standardization procedure of tho Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee I)-20 on Plastics. 

* Revision accepted by Committee E-10 on Standards, 
January 1, 1944. 

» Attention is also directed to the Standard Definitions 
of Terms Relating to Methods of Testing (A.S.T,M. 
Designation: E 6), see p. 487. 


that is, the change in length per unit of 
original length. It is expressed as a di- 
mensionless ratio. 

{d) Percentage Compression is the 
compression at any time expressed as a 
percentage of the original length of the 
measured compressing section. It is 
equal to one hundred times the compres- 
sive strain measured at the time in 
question. 

(e) Compressive Yield Stress is the 
compressive stress (nominal) at the first 
observable point in a compression test 
where compression of the specimen is 
increasing but compressive stress (nomi- 
nal) is remaining constant. It is ex- 
pressed in pounds per square inch. 

(f) Percentage Compression at Com- 
pressive Yield Stress is the compression 
of the test specimen at the first observ- 
able point in a compression test where 
compression of the test specimen is in- 
creasing but compressive stress (nominal) 
is remaining constant, expressed as a 
percentage of the original length of the 
measured compressing section. 

(g) Offset Yield is the stress '.at 

which the stress-strain ; curve .departs 
from linearity by a specified percentage 
of deformation (offset). The method 
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for deterniming the offset yield stress is 
prescribed in the Standard Definitions 
of Terms Relating to Methods of Test- 
ing (A.ST.M. Designation: E 6)^ under 
definition of yield strength, Paragraph 
2 (a) on ^^Offset Method.’^ The amount 
of offset shall always be stated, for 
example, 0.2 per cent offset yield stress. 

{h) Compressive Strength is the maxi- 
mum compressive stress (nominal) 
carried by a test specimen during a 
compression test. It may or may not 
be the compressive stress (nominal) 
carried by the specimen at the moment 
of rupture. (Note 5.) It is expressed 
in pounds per square inch. 

(i) Percentage Compression at Failure 
is the compression of the test specimen 
at the moment of rupture expressed as 
a percentage of the original length of 
the measured compression section. 
(Note 6.) 

(J) Compressive Stress-Strain Curve 
is the curve obtained by plotting com- 
pressive stresses (nominal) as ordinates 
against corresponding compressive 
strains as abscissas for the entire course 
of a compression test. 

(k) Elastic Modulus is the ratio within 
the elastic limit of compressive stress 
(nominal) to corresponding compressive 
strain. (Note 7.) It is expressed in 
pounds per square inch. 

(0 Mean Rate of Stressing is, for 
report purposes, the compressive stress 
(nominal) in pounds per square inch 
carried by the test specimen at the 
moment when the compressive strain 
is 0.02, or at the moment of rupture if 
this occurs at a compressive strain 
below 0,02, divided by the time in 
seconds required for the attainment of 
this stress and strain, measured from the 
beginning of application of the load. 
It is expressed in pounds per square inch 
per second. (Note 8.) 

4 Appears in this publicationj see Contents in Numeric 
Sequence of A.S-T.M. Designations at front of book. 


(m) Mean Rate of Straining h, for 
report purposes, the mean rate of com- 
pression of the test specimen divided by 
the original length of the compressing 
section. Under the defined conditions 
of test it is essentially equal to the mean 
rate of crosshead movement, in inches 
per second, divided by the original length 
of the test specimen, in inches, and is 
expressed as units per second. (Note 9.) 

Apparatus 

3. The apparatus shall consist of the 
following : 

{a) Testing Machine . — Any suitable 
testing machine of the constant-rate-of- 
crosshead-movement type and com- 
prising essentially the following: 

(i) Drive Mechanism— K drive mech- 
anism for imparting to the crosshead a 
uniform, controlled velocity with respect 
to the base, this velocity to be regulated 
as specified in Section 7. 

{2) Load Indicator . — A load-indicat- 
ing mechanism capable of showing the 
total compressive load carried by the 
test specimen. This mechanism shall 
be essentially free from inertia-lag at the 
specified rate of testing and shall indicate 
the load with an accuracy of plus or 
minus 1 per cent of the indicated value, 
or better. The accuracy of the testing 
machine shall be verified in accordance 
with the Standard Methods of Verifica- 
tion of Testing Machines (A.S.T.M. 
Designation: E4) of the American So- 
ciety for Testing Materials^ (Note 10.) 

(3) The testing machine shall be con- 
structed of such material and in such 
proportions that the total elastic longi- 
tudinal strain of the system does not 
exceed 1 per cent of the total compres- 
sive strain of the test specimen at any 
time during the test and at any load up 
to the rated capacity of the machine. 

(b) Compression Tool— A compres- 
sion tool for applying the load to the test 
specimen. This tool shall be so con- 
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stracted that loading is • truly axial, and 
so that the load is applied through sur- 
faces which are flat and parallel to the 
ends of the specimen and are normal to 
the long axis of the specimen. A suit- 
able form of compression tool is shown 
in Fig. 1 and consists of the following: 

Mq chine Head 


/// /<-. //OWW /////////■''/'/// 


Hardened- 

Ball 


Test 
Specimen A 




K 

Hardened 


K“ 


: •• ;;/ Testing Machine Head ■ ' ' ■ 

y/ y/y/ yy ////A . '7. ' : 

Fig. 1. — Compression Tool. 


— — -Hardened, 
Ground 
and Lapped 


-Hardened 
and Ground 


(/) Base Flak , — A hardened steel 
base plate, the upper surface of which is 
machined and polished to a flatness as 
nearly perfect as possible. 

(^) Plunger and Ball — A hardened 
steel plunger, the lower end of which is 
machined and polished to a flatness as 
nearly perfect as possible and the upper 
end of which is machined and polished 
to a hollow hemisphere to receive a 
polished, hardened steel ball, the diame- 
ter of which approaches that of the 
plunger. 

(J) Guiding Framework.-— A guid- 
ing framework attached to the base 
plate and holding the plunger so that its 
longitudinal axis is perpendicular to the 
surface of the base plate and so that its 
polished lower surface is parallel to the 


polished surface of the: base plate within 
0.001 in. over the entire contact area. ' , 

. (4) A ' bushing, holding 

plunger in .the guiding framework. It 
shall be smooth and provided with ade- 
quate lubrication so that negligible force 
is 'required to move the; plunger, freely 
through the bushing. 

. (5); In use, the base of this . compres- 
sion tool shall be centered on. the lower 
platen of the testing machine and con- 
tact with the top platen (or crosshead) 
shall be made between the hardened steel 
ball and a hardened steel plate attached 
to the top platen. (Note 11.) 

(c) Extension Indicator.— A suitable 
instrument for determining the distance 
between the contact surfaces of the 
compression tool (that is, the length of 
the test specimen) or, the distance be- 
tween two fixed points on the test speci-' 
men at any time during the test. It is 
desirable, but not essential, that this in- 
strument automatically record this dis- 
tance (or any change in it) as a function 
of the load on the test specimen or of the 
elapsed time from the start of the test, 
or both. This instrument shall be 
essentially free . ' of, .■ inertia-lag at the 
specified rate of loading, and ' shall be 
accurate to plus or minus 1 per cent or 
better. 

(d) Micrometers. — Suitab.le microm- 
eters,. reading to at least 0.001 -rfc 0.000 
in., for measuring the width, thickness, 
and length of the test specimens. 

(e) Oven and , Desiccators.— A . ciicu- 
la ting air oven, adjustable to. 50 ± 3.C. 
(122 db 5 F,), and .desiccato,rs .containing 
anhydrous . calcium . chloride, (or other 
suitable . desiccant) ...are , required for 
conditioning 'Some m,.aterials. 

Test Specimens 

4. (a) The test specimen shall be in 
the form of a right cylinder or prism 
whose length is twice its principal width 
or diameter, and whose ends are parallel 
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within 0,0001 in. A prism," of square 
cross-section, 0.5 by 0,5 by 1.0 in., shall 
be considered the standard test specimen ' 
(Note 12.) shape and shall be used for 
comparative purposes whenever possible. 
■Where only elastic modulus and offset 
yield stress data are desired, the test 
specimen shall, be . of .such dimensions 
that the slenderness ratio (length divided 
by the least radius of gyration) shall be 
in the range of 11 to 15. For specimens 
of rectangular cross-section, the radius 
of g3rratiGn shall be 0.289 times the 
smaller cross-sectional dimensions. For 
specimens of circular cross-section, the 
radius of gyration shall be 0.250 times 
the diameter. 

(b) The specimen may be prepared by 
machining operations from materials in 
sheet, plate, slab, rod, tube, or similar 
form, or it may be prepared by com- 
pression molding or injection molding 
of the material to be tested. The stand- 
ard prism, 0.5 by 0.5 by 1.0 in., may be 
cut from bars 0.5 by 0.5 by 5.0 in., which 
are standard for a number of other tests, 
for example, flexural strength, distortion 
temperature, impactstrength, etc. (Note 
13.) 

(c) Where it is desired to test materials 
in the form of sheets the thickness of 
which is substantially less than 1.0 in., 
a pile-up of sheets 0,5 in. square with a 
minimum nu mber of layers to produce a 
height of at least 1.0 in. may be used. 
.(Note 14.): 

(d) When testing materials that may 
be suspected of anisotropy, duplicate 
sets of test specimens shall be prepared 
having their long axes respectively 
parallel with and normal to the suspected 
direction of anisotropy. (Note 15.) 

(e) All machining operations shall be 
done carefully, so that smooth surfaces 
result. Great care, shall be' taken: in 
machining the ends so that smooth 
parallel surfaces, perpendicular to the 
long axes of the specimen, result. 


Conditioiimg 

5. (a) Plastic materials ' may be pre- 
conditioned for testing under t either 
or '''standard” atmospheric condi- 
tions. (Note 16.) In general, the pre- 
conditioning method is chosen on the' 
basis of the rapidity with which the com- 
pressive properties of the material in 
question vary with changes, in atmos- 
pheric humidity and temperature. 
Thus, it is known that the compressive 
properties of cellulose derivatives and of 
some pol 3 rvinyl acetal resins change with 
comparative rapidity when subjected to 
rapidly changing temperature or hu- 
midity, whereas the compressive proper- 
ties of polystyrene, polymethacrylic acid 
esters, phenolf ormaldehyde, and urea- 
formaldehyde plastics are only slowly 
affected by such atmospheric changes. 
Hence, the latter group of materials has 
most frequently been prepared for test- 
ing by "dry” preconditioning methods, 
whereas the former group has most fre- 
quently been prepared by "standard” 
preconditioning methods, 

(&) Standard^ ^ Conditioning Proce-- 
dures. — Specimens shall be precondi- 
tioned for at least 14 days in an en- 
closure maintained at 25 ±1 C. (77 ± 
2 F.) and 50 ± 2 per cent relative 
humidity prior to testing. The actual 
tests shall be conducted at the same at- 
mospheric conditions. (Note 17.) 

{c) Conditioning Frocedures.— 

Specimens shall be preconditioned for a 
period of 48 hr. in a circulating air oven 
at a temperature of 50 zh 3 C. (122 zb 5 
F.) They shall then be removed from 
the oven, cooled in a desiccator over 
anhydrous calcium chloride (or an equi- 
valent desiccant) for a period of at least 
16 hr. pripr to testing. The test shall be 
conducted in an enclosure maintained at 
25 zb 1 C. (77 zh 2 F.) and 50 ± 2 per 
cent relative humidity. A definite time 
interval, previously decided upon by co- 
operating laboratories, shall be allowed to 
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elapse between removal of the specimens 
from the desiccator and the application 
of load in the, 'test., 

(d) Special conditioning procedures 
may be used by agreement between co- 
. operating,: laboratories. 

(g) If no conditioning method is speci- 
fied, the ^^standard’i conditioning pro- 
cedure shall be used. (Note 18.) 

Number of Test Specimens 

6. (a)* At least five specimens shall be 
tested for each sample in the case of 
isotropic inaterials. 

(b) Ten specimens, five normal to, and 
five parallel with the principal axis of 
anisotropy, shall be tested for each 
sample in the case of anisotropic ma- 
terials. 

(c) Specimens that break at some 
obvious fortuitous flaw shall be dis- 
carded and retests made, unless such 
flaws constitute a variable the effect of 
which it is desired to study. 

(d) Results that deviate from the 
mean value of all tests should be re- 
jected if the deviation of the doubtful 
value is more than five times the average 
deviation from the mean obtained by 
excluding the doubtful value. Such 
doubtful values shall be discarded and 
retests made, unless the degree of vari- 
ability is a factor that is being studied. 

Speed of Testing 

7. (a) Speed of testing is defined as 
the relative velocity of approach of the 
two crossheads of the testing machine 
when running idle (under no load). 

(6) The standard speed of testing 
shall be 0.20 to 0.25 in. per min. 

(c) If load-deformation data are being 
taken, as for determination of elastic 
modulus or for study of the initial por- 
tion of the stress-strain curve, the speed 
of testing shall be 0.05 in. per min. until 
the *‘yidd point” is reached. Therate of 
crosshead movement shall then be in- 


creased to the standard speed of 0,20 to 
0,25 in. per min., and maintained at 
that speed untilfailure of the specimen. 
(Note 19.) 

Procedure 

8.' (a) The actual ,, testing shall be 
carried out in an atmosphere maintained 
at 25 ± 1 C. (77 i: 2 F.) ; and 50 ± 2 
per cent relative humidity. 

(b) The width and thickness of the 
specimen shall be measured to the near- 
est 0.001 in., at several points along its 
length. The minimum values of area 
shall be recorded. The length of the 
specimen shall be measured to the near- 
est 0.001 in. and the value recorded. 

(c) The test specimen shall be placed 
between the surfaces of the compression 
tool, taking care to align the center line 
of its long axis with the center line of 
the plunger and to insure that the ends 
of the specimen are parallel with the 
surfaces of the compression tool. (Note 

20. ) The plunger shall be brought own 
against the top of the specimen and the 
crosshead of the testing machine ad- 
justed until it just contacts the ball on 
top of the plunger. 

(d) If stress-strain data are desired, 
the procedure shall be as follows: 

(1) Attach the extension recorder. 

(2) Set the speed control at 0.05 in. per 
min. and start the machine. 

(J) Record loads and corresponding 
compressions at appropriate intervals of 
strain. (Note 21.) 

(4) Record the load carried by the 
specimen when the compressive strain 
reaches 0.02 and the elapsed time from 
the start of the test until this point is 
reached. If rupture occurs before the 
compressive strain reaches: 0.02, record 
the 'elapsed time from the start of . the 
test until the specimen' breaks. (Note 

21 . ) ' 

(5) Record the load carried by the 
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specimen and the compression at the 
yield point. (Note 21.) ^ 

((J) : After the yield point ■ has been 
reached (or after the strain has passed 
0.02), increase the speed to 0.20 to 0.25 
in. per min. and allow the machine to 
run at this speed until ■ the specimen 
breaks. „ 

(7) Record the maximum' load carried 
by the specimen during the test (usually 
this will be the load at the moment of 
rupture). (Note 21.) 

(8) Record the compression at the 
moment of rupture of the specimen. 

(e) If only compressive strength and 
percentage compression data are de- 
sired, the procedure shall be as follows: 

(1) Set the speed control at 0.20 to 
0.25 in. per min. and start the machine, 

(2) Record the load carried by the 
specimen when the compressive strain 
reaches 0.02 and the elapsed time from 
the start of the test until this point is 
reached. If rupture occurs before the 
compressive strain reaches 0.02, record 
the elapsed time from the start of the test 
until the specimen breaks. (Note 21.) 

(J) Record the load carried by the 
specimen and the compression at the 
yield point. (Note 21.) 

(4) Record the maximum load carried 
by the specimen during the test (usually 
this will be the load at the moment of 
rupture). (Note 21.) 

(5) Record the compression at the 
moment of rupture of the specimen. 

Calculations ■ 

9. (a) Compressive Strength shall be 
calculated by dividing the maximum com- 
pressive load carried by the specimen 
during the test by the original cross- 
sectional area of the specimen. The 
result shall be expressed in pounds per 
square inch and reported to three signifi- 
cant figures. 

(6) Percentage Compression at Failure 
shall be calculated by dividing the com- 
pression of the specimen at the moment 


of^ rupture by the original length of • the 
measured compressing section of the 
test specimen and multiplying by one 
hundred. The percentage compression 
shall be reported to two significant 
figures. 

(c) Compressive FiWd Sirm shall be 
calculated by dividing the load carried 
by the specimen at the first observable 
point in the test where the compression 
of the specimen is increasing, without 
increase in the load carried by the speci- 
men, by the original cross-sectional area 
of the specimen. The result shall be 
expressed in pounds per square inch and 
reported to three significant figures. 

(d) Percentage Compression at Yield 
shall be calculated by dividing the com- 
pression of the specimen at the first 
observable point in the test where the 
compression is increasing, without in- 
crease in the load carried by the speci- 
men, by the original length of the 
measured compressing section of the 
test specimen and multiplying by one 
hundred. The percentage compression 
shall be reported to two significant 
figures. 

(e) Offset Yield Stress shall be calcu- 
lated by the method referred to in Sec- 
tion 2 (g). 

(j) Elastic Modulus shall be calcu- 
lated by drawing a tangent to the initial 
linear portion of the stress-strain curve, 
selecting any point on this straight line 
and dividing the compressive stress 
(nominal) represented by the point by 
the corresponding compressive strain. 
The result shall be expressed in pounds 
per square inch and reported to three 
significant figures. 

(g) Mean Rate of shall be 

calculated by dividing the compressive 
load carried by the specimen when the 
strain reaches 0.02 or at the moment of 
rupture, whichever occurs first, by the 
original minimum cross-sectional area 
of the specimen, and then dividing this 
result by the time in seconds, measured 


830 


Test FOR Compressive’ Str^ of Plastics (D 695 - 44 T) 


from the beginning of the test, required 
to attain this compressive load and 
strain. - The result shall be expressed in 
pounds per square inch per second and 
reported to three significant figures, 

(h) Mean Rate of Straining shall be 
calculated by dividing the mean rate of 
compression of the test specimen by the 
original length of the specimen. The 
result shall be expressed as a dimension- 
less ratio per second and reported to 
three significant figures. (Note 22.) 

{i) For each series of tests, the arith- 
metic mean of all values obtained shall 
be calculated to three significant figures 
and reported as the ‘‘average value’’ 
for the particular property in question. 

(/) The deviation of each value from 
the “average value” shall be calculated 
and the arithmetic mean of these 
deviations determined. This arithmetic 
mean shall be reported to two significant 
figures as the “average deviation” of the 
particular series of results. Retain two 
significant figures. 

Report 

10. The report shall include the fol- 
lowing: 

(i) Complete identification of the 


material tested, including type, source, 
manufacturer’s ^ code numbers, form, 
principal ' dimensions, previous history, 

etc., 

(2) Method of preparing test speci- 
mens, 

(J) Type of test specimen and dimen- 
sions, 

{4) Conditioning procedure used, 

(5) Atmospheric conditions in test 
room, 

{6) Number of specimens tested, 

(7) Speed of testing, 

{8) Mean rate of stressing as calcu- 
lated in Section 9 (/), 

(P) Mean rate of straining as calcu- 
lated in- Section 9 (g), 

{10) Compressive strength, average 
value and average deviation, 

(Jfi) Percentage compression at fail- 
ure, average value and average devia- 
tion. 

{12) Compressive yield stress, average 
value and average deviation, 

{13) Percentage compression at yield, 
average value and average deviation. 

{14) Elastic modulus in compression, 
average value and average deviation, and 
(15) Date of test. 


Explanatory Notes 


Note 1. — This method is not well adapted to 
the testing of plastics in the form of thin sheets 
or films. Neither is this method particularly 
suitable for the testing of soft rubber or rubber- 
like polymers (elastomers), although the posi- 
tion of such materials as organic plastics is 
recognized. 

Note 2. — ^TMs method may be used for test- 
ing phenolic resin molded or laminated mate- 
rials. However, where correlation with pre- 
vious data is an object, such materials should be 
tested in accordance with the following methods 
of the American Society for Testing Materials: 

Tentative Methods of Testing Molded Mate- 
rials Used for Electrical Insulation 
(A.S.T.M. Designation: D48),^ 


Standard Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(A.S.T.M. Designation: D 229), 

. Standard Methods of Testing Laminated 
Tubes ■ Used in Electrical Insulation 
(A.S.T.M. Designation: D 348),f 
Standard Methods of Testing Laminated 
Round Rods Used in Electrical Insulation 
' - (A.S.T.M. Designation: D 349),^ and ; 
Tentative Method of Test for Compressive 
Strength of Electrical Insulating Materials 
(A.S.T.M. Designation: D 649).^ 

Note 3. — It is realized that a material cannot 
be tested without also testing the method of 
preparation of that material. Hence, when com- 
parative tests of materials per se are desired, the 
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greatest care must be exercised to insure that all 
samples are prepared in exactly the same way. 
Similarly, for referee or comparative tests of any 
given series of specimens, care must be taken to 
'secure the maximum , degree of uniformity in 
details of' preparation, treatment, and handling. 

Note 4.““This method is not intended to be 
a precise physical procedure. It is recognized 

that the' constant-rate-of-crosshead-movement 
type of test leaves much to be desired from a 
^eoretical standpoint,^ and that the testing 
speeds disguise important effects character- 
istic of materials in the plastic state. Further, 
it is realized that variations in the thicknesses of 
test specimensj which are permitted by these 
procedures, produce variations in the surface- 
volume ratios of such specimens, and that these 
variations may influence the test results. 
Hence, where directly comparable results are 
desired, all specimens should be of equal thick- 
ness. Special additional tests should be used 
where more precise physical data are needed. 

Note S.— In the case of a material that fails 
in compression by a shattering fracture, the 
compressive strength has a very definite value. 
In the case of materials that do not fail in com- 
pression by a shattering fracture, the value ob- 
tained for compressive strength is of arbitrary 
value depending upon the degree of distortion 
that is regarded as indicating complete failure 
of the material. Many plastic materials will 
continue to deform in compression until a flat 
disk is produced, the compressive stress (nomi- 
nal) rising steadily in the process, without any 
well-defined fracture occurring. Compressive 
strength can have no real meaning in such cases. 
It is suggested that the compressive yield 
strength of such materials be used as a compara- 
tive reference point. 

Note 6.— -Where no well-defined rupture of 
the specimen occurs in compression, no real 
value for percentage compression at failure can 
be obtained (see Note 6 above). 

Note 7.— -Since the existence of a true elastic 
limit in plastics, as in many other organic mate- 
rials and in many metals, is debatable, the pro- 
priety of applying the term “elastic modulus^’ 
in its quoted generally accepted definition to 
describing the “stiffness” or “rigidity” of a 
plastic has been seriously questioned. The 
exact stress-strain characteristics of plastic mate- 
rials are highly dependent on such factors as 
rate of application of stress, temperature, pre- 
vious history of specimen, etc. However, stress- 
strain curves for plastics determined as speci- 
fied in this method almost always show a linear 
region at low stresses, and a straight line drawn 
tangent to this portion of the curve permits 


calculation of an elastic' modulus of the usually 
defined type. Such a constant is useful if its 
arbitrary nature and dependence on time, tem- 
perature, and similar factors is realized. 

Note 8 . — ^It is realized that “mean rate of 
stressing” as defined in these methods has only 
limited physical significance. It does, however, 
roughly describe the average rate at which, most 
of the compressive stress carried by the test 
specimen is applied and for that portion of the 
stress-strain curve in which principal stressing 
occurs. It is affected by the elasticity of the 
material being tested but is fairly accurately 
determined by the method described. It can, 
if desired, be determined more precisely by cal- 
culation from load-time data, recorded especially 
for the purpose during a test. Specification of it 
is believed to be significant and a valuable ad- 
junct to “rate of straining” calculated from rate 
of crosshead movement of the testing machine. 

Note 9. — Mean rate of straining determined 
in this way is only a first approximation, since 
no test macliine is perfectly rigid. Where more 
precise data on straining rate are required, they 
should be determined by calculation from the 
slope of a strain-time curve, plotted for the pur- 
pose, using special data of strain recorded at 
definite intervals of time during the course of 
a test. 

Note 10. — Experience has shown that many 
testing machines now in use are incapable of 
maintaining accuracy for as long as the periods 
betw^een inspection recommended in Standard 
Methods E Hence, it is recommended that 
each machine be studied individually and veri- 
fied as often as may be found necessary. It 
will frequently be necessary to perform this 
function daily. 

Note 11. — Conventional bearing blocks, such 
as are customarily furnished by manufacturers of 
testing machines, have been found unsatisfac- 
tory for general use, particularly where testing- 
machine head motion is not truly axial or is 
variable. While such bearing blocks give good 
results on hard, brittle materials, or when used 
with precisely constructed testing machines in 
first-class condition, the use of a compression 
tool has been found necessary to insure against 
buckling of the test specimen when working with 
the softer plastics. 

Note 12. — Specimens with the length/ thick- 
ness ratio of 2,0 as specified are long enough to 
minimize “end effects” but short enough to 
avoid trouble with buckling. 

Note 13. — Molds for the standard test bar, 
0.5 by 0,5 by 5.0 in., are described in the Tenta- 
tive Specifications for Molds for Test Specimens 
of Molding Materials Used for Electrical Insu- 
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latiQB ;(A.S.T.M» Designation': D 647) of the 
.American Society for Testing Materials.^ 

Hote 14.*— Great care is necessary in testing 
such' pile-ups -to, avoid bucking. 

Note 15.— -Before testing, all transparent 
specimens should be given a polariscopic inspec- 
tion and those which show atypical or concen- 
trated strain patterns should be rejected unless 
these ‘InitiaF' strains constitute a variable the 
elect of which it is desired to measure. 

Note 16.— In general, ^the Tentative Methods 
of Conditioning Plastics and Electrical Insulat- 
ing Materials for Testing (A.S.T.M. Designa- 
tion: D 618) of the American Society for Test- 
ing Materials* will be found useful. 

Note 17. — ^In cases of extreme urgency, where 
the 14-day conditioning period is intolerable, the 
conditioning may, by agreement between co- 
operating laboratories, be reduced to a minimum 
of 48 hr. 

Note 18. — It is obvious that when exact com- 
parative data are desired, comparable condition- 


ing procedures should be employed. , It is urged 
that ^^tandard” conditions be employed for all 
tests intended for data,, specification., or similar 
purposes, in so far as this is .practicable. : 

Note 19. — Such composite tests should .not 
be made when exact data .on compressive 
strength ■ or percentage co.mpression at failure 
are desired. Such tests .should be made at the 
standard speed of 0.20. to .0,25 in. per .min. from, 
beginning to end of the test. 

Note 20.— Light punch marks at the center 
of the end of the plunger and at the correspond- 
ing point on the base plate will facilitate' this 
adjustment. 

Note 21. — ^Loads should be corrected to in- 
clude the dead weight of those parts of the com- 
pression tool which are carried by the specimep. 

Note 22.— Where the standard specimen 1.0 
in. in length is used, mean rate of straining is 
the same as the rate of crosshead movement in 
inches per second (for example, a crosshead 
movement of 0.05 in. per min. is equivalent to a 
strain of 0.000833 per sec,). 


Tentative Methods of Test for 
DEFORMATION OF PLASTICS UNDER LOAD^ 



A.S.T.M. Designatioii: D 621-45 T 

Issued, 1944; Revised, 1945.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) These methods of test cover 
two procedures for determining the de- 
formation under compression of non- 
metallic sheet and molded plastic mate- 
rials, of all classes and all commercial 
thicknesses, intended for structural and 
insulating purposes, 

(6) The word deformation is used 
herein in the broad sense to cover (i) 
dimensional change due almost entirely 
to flow, and (2) dimensional change due 
to a combination of flow and shrinkage 
caused by loss of water or other volatile 
matter. The word flow as used in these 
methods may describe either plastic or 
elastic deformation or combinations 
thereof. 

Note.- — Methyl methacrylate and polysty- 
rene are examples of materials that deform 
almost entirely by flow. Cellulose acetate, cel- 
lulose acetate butyrate, phenolic laminated 
fiber, and vulcanized fibre are examples of 
materials that deform by a combination of flow 
and shrinkage. 

1 Under the standardization procedure of the Society* 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics 

2 Revision accepted by the Administrative Committee on 
Standards, December 12, 1945. ^ 

Prior to their ipresent publication as tentative, these 
methods were published as tentative from 1941 to 1943. 
They were adopted as standard in 1943, but were revised 
and republished as tentative in 1944 


Method A . Rigid Plastics 
Nature of Test 

2. The principle of method A is essen- 
tially that of the parallel plate plastom- 
eter, namely, a constant force system 
whereby a test specimen is conditioned, 
if necessary, and is then placed between 
the parallel plates of a constant force 
device and the thickness is observed over 
a required period at the stipulated tem- 
perature or temperatures. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Testing Machine , — machine ca- 
pable of exerting a constant force of 250 
lb., 500 lb., and 1000 lb. rh 1 per cent 
between the parallel anvils of the ma- 
chine, which shall be arranged so that 
they can be brought into contact with the 
test specimen before the load is applied. 
A machine suitable for this test is shown 
in Fig. 1. A recommended method for 
calibrating such a device is given in the 
Appendix. One of the anvils of the 
machine shall preferably be self-aligniug 
and shall, in order that the load may be 
applied evenly over the face of the speci- 
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men, be arranged , so that the specimen 'is 
: accurately^ centered and the resultant of 
the load is through its center. ' The ma-. 
chine shall also be equipped with a dial 
gage or the equivalent capable of measur- 
ing the relative movement of the faces to 
:0.001 in. or less. A thermometer of the 
total immersion type shall be suspended 
in such a manner that the bulb is ap- 
proximately level with the specimen and 
not more than 3 in. therefrom. 


ing shall be tested in the direction 
parallel to ram travel. 

(b) The specimens for materials made 
in large sheets, such as phenolic, laminated 
fiber, where moisture absorption charac-, 
teristics may vary over the' entire surface, 
shall ' be prepared,' unless otherwise 
specified, in, accordance,, with the .samp- 
ling method . described in, Parag.raph (r) 
■which averages the eflfect o.ver the, sheet, 
by selecting squares comprising the spec- 



(b) Test Chamber,— k test chamber of 
suitable size and construction to enclose 
the testing machine and maintain it 
during the test within plus or minus 1 C. 
(2 F.) of the specified test temperature, 
except for the short period at the begin- 
ning when opening the door may cause a 
drop in temperature. 

Test Specimaus 

4. (a) The test specimen shall be a 
l-in. cube, either solid or composite. 
Materials over | in, in thickness shall be 
reduced to | in., and thinner materials 
shall be piled up with the total height as 
near to in. as possible. The squares of 
the composite specimen shall be accu- 
rately aligned in all cases. Unless other- 
wise specified, specimens made by mold- 


imen in such a manner that each square 
represents the same, proportional part 
of the entire area of the sheet. 

(c) Specimen from Sheet Materials,—^ 
The specimen shall be selected from the 
whole sheet by cutting a strip | in. in,, 
width from the sheet, parallel to the two 
long, edges if the sheet is not square or ,, 
parallel to any two if it is square, mid- 
way .between them, and extending from, 
.the edge to the center of the sheet. If 
quarter sheets are used, ' the strip shall 
be taken from the, edge eorresponding.to,', 
the center-to-edge section of the original 
whole sheet. The strip shall be divided 
into eight equal parts numbered from 
1 to 8, beginning with the piece corre- 
sponding to the edge of the sheet. 
The squares used to form the composite 
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test specimen shall be taken from these 
pieces. If the whole piece is not used, 
the squares cut from it shall be taken 
from the end which was origmally 
nearest the edge of the sheet. If any 
piece is insufficient for the number of 
squares required to be cut from a piece 
bearing that number, a second strip 
shall be cut adjacent to the first one, 
cut into pieces, and the required number 
of squares taken from the a-ppropriate 
pieces. The number of squares to be 
cut from each piece is prescribed in 
Table I. 


TABLE I.-NUMBER OF SQUARES TO BE CUT FROM 
EACH PIECE. 


Thick- 
ness of 

Total 

Number 

of 

Squares 

Required 

Number of Piece 

Mate- 
rial, in. 

1 

2 

3 

4 

5 

6 

7 

8 

% 

32, . . . 

8 

6 

6 

4 

3 

3 

2 


Hi 

16.... 

4 

3 

3 

2 

2 

1 

1 


Ui 

11.... 

2 

2 

2 

2 

1 

1 

1 



8.... 

2 

1 

1 

1 

1 

1 

1 


Hi 

n 

5.... 

1 

1 

1 

1 


1 



4,... 
3 

1 

1 ; 

1 

1 

1 


’{ ‘ 
1 




■ H ■ ! 

1....! 



1 






1....I 


!! 

1 


] 1 J 


1 J 


..dll 



1 

j 





NoxE.--ln case of material of thicknesses not included 
in the above table, the squares used in the composite test 
specimen shall be selected in accordance with the method 
for nearest thickness given in the table. In case the thick- 
ness is midway between two adjacent values in the table, 
the squares used in the composite test specimen shall be 
selected in accordance with the instructions for the thinner 
material. 

Conditioning 

5. (a) Where simple deformation 
tinder load is required, without regard to 
the distinctive effects of flow or shrink- 
age, or both, and neglecting the influ- 
ence of elevated service temperatures, 
the specimens shall be exposed to the 
standard laboratory atmosphere as pre- 
scribed in the Standard Procedure of the 
Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (A.S.T.M. Designation: D 
618),^ and shall be tested under the same 
conditions, unless otherwise specified. 

(b) In those materials where shrinkage 


s Appears in this publication, see Contents in Numeric 
Sequence of A.S .T.M . Designations at front of book. 


is a large part of total deformation, 
the specimens shall be preconditioned 
for , 4 hr. at ■ 65 ± 3 ' C. (ISO . ■ rfc ' 
S F.) and then conditioned for 68 hr. at 
a temperature of 35 d= 1 C. (95 ± 2 F.) 
and a relative humidity of 90 -h 2 per 
cent, unless otherwise specified. The 
specimens shall be supported during 
conditioning upon a |-in. mesh wire 
screen or the equivalent in order to per- 
mit free access of the atmosphere to all 
surfaces. 

(c) Where a quick measurement of 
total deformation is desired, such as for 
procurement of materials wherein the 
flow is relatively great compared to 
shrinkage, the specimens shall be ex- 
posed for 16 to 18 hr. in a circulation air 
oven at SO C. (122 F.). The specimens 
shall be removed from the oven and 
cooled to the standard room tempera- 
ture (Methods D 618) in a desiccator over 
anhydrous calcium chloride for a period 
of at least 3 hr. 

(d) Where it is definitely known that 
the material is not moisture-responsive, 
conditioning of any kind may be omitted. 

Test Temperatures 

6. (a) The test temperature, that is, 
the temperature of the chamber contain- 
ing the testing apparatus shall be one or 
more of the following: 25 C. (77 F.), 
50 C. (122 F.), and 70 C. (158 F,), each 
temperature being maintained within 
plus or minus 1C. (2 F.). 

Procedure 

7. (a) The conditioned test specimens 
shall be placed between the anvils of the 
testing machine immediately upon re- 
moval from the conditioning atmosphere- 
The specimens tested without condi- 
tioning shall be at room temperature 
when placed in the testing machine. 
Where composite specimens are used, 
care shall be taken to insure that the 
squares are well aligned. 
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(t) The load shall be applied' to the ■ 
specimen' withou and the initial 

reading'taken.as soon as th^ full load is' 
upon the ' specimen, as . indicated by . a 
sudden slowing of the ,jate. of travel 'of 
the gage. At the end of 24 hr., a 
second reading shalT be taken and the 
total change in height in mils shall be re- 
corded. The original height in mils of 
the specimen shall be determined by 
measuring the specimen after it is re- 
moved from the testing machine and 
adding to this the total change in height 
as read on the dial of the testing machine. 

(c) The deformation shall be taken as 
the percentage change in height of the 
test specimens after 24 hr., calculated as 
follows: 

A 

Deformation, per cent = — X 100 
where:. . , 

A = change in height in mils in 24 hr., 

. . ■ ' "and' '■ 

■ = original height in mils. 

.Re|>ort ■ 

shall include the' 

following: 

(1) Original height of test specimen 
Jn-.mils, 

(2) Thickness of components in 
mils where a composite test specimen 
is '.used,; 

(J) Conditioning procedure, 

{4} Temperature of test and force 
. '.applied," 

(5) Change in height of the test 
specimen in 24 hr. in mils, and 

(d) Deformation (flow or combined 
flow and shrinkage) expressed as the 
percentage change in height of the 
test specimen calculated on the basis 
of its original height. 

Method B, Nonrigid Plastics 
Scope 

9, This method covers the procedure 


for determining the deformation under 
compression of nonrigid plastic materials 
approximately 0.5 ill. in thickness. ' ' The . 
word ' deformation is used herein in the' 
broad sense to cover, the total dimen- 
sional change d.ue to compression, both 
elastic, and plastic. 

Nature of Test 

. 10. Method B is essentially the same 
as method A except tliat the pressure is 

■ 100 psi., and the period of test used for 
deformation ■ , is 3 hr. The recovery is 
based on removing the specimen from 
compression, and allowing it to remain„at 
the stated temperatures .for a period, .of 
1 hr. and at room temperature for. | .hr., 
after which the .amount of recovery is 
measured. 

Apparatus . 

11. The apparatus shall consist of. the 
following: 

(a) Testing Machine.— K testing ma- 
chine similar, in principle and operation 
to the one described .in method A (Sec- 
tion 3 (a)), except that it shall be capable, 

■ of exerting a constant force of 100 lb. ±4 
per cent. A, machine suitable for .this 
,test is illustrated in Fig. 2. ' The .machine 
shown in Fig. 1 m,ay be used provided it 
is equipped , with a locking, device for the 
upper anvil bo as to obtain a zero point. 
A lock nut added to the upper portion, of 
the movable anvil has , been found, suit- 
able for this purpose. 

Note. — I n ,making tests in accordance with 
method B, care should be taken to reduce ma- 
chine friction to a minimum. This is particularly 
desirable when ,'usmg the high-pressure machine 
■shown in. Fig. ,1. . 

(5) ; Test Chamber.— A , . test . chamber 
similar to that prescribed in method A' 
(Section 3 (5)). 

(c) Conditioning Chamber. — -A. .' cham- 
ber for drying, consisting of a desiccator 
provided with anhydrous calcium chlo- 
xide." ■■ 
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A— Movable anvil. 

B—Stationary plate. 

C— Thickness indicator. 

D—W cigh t platform . 

E—Test specimen, 

• F—Lower anvil mounted on 
ball support (Fi) and 
loose plate (F*) . 

Fig. 2. — ^Low-Pressure Deformation Tester. 
Test Specimens 

12. The test specimens shall be 1.129 
in. in diameter by | in. in thickness, 
this size being suitable for the high- 
pressure testing machine shown in Fig. 1, 
whose arm without weights but including 
pan provides a load of 100 lb. (Note 1). 
A single specimen shall be used. The 
specimen shall be molded or cut (Note 2) 
from a l-in. sheet at least 1 in. from the 
edges and so selected as to be of uniform 
thickness, homogeneous, and free from 
bubbles. 

Note 1.— Unavoidable variations in diam- 
eter of tbe specimen may require slight adjust- 
ment of load to obtain 100 psi. 

Note 2.— A tool suitable for this purpose is de- 
scribed in the Standard Methods of Test for 
Gompression-Deflection Characteristics of Vul- 
canized Rubber (A.S.T.M. Designation: D 575).* 


ditioned by placing it in the desiccator 
for 24 hr., unless it: is definitely es«. 
tablished that the material is not af- 
fected by moisture. The specimen shall 
be so supported and desiccated as to 
permit free access of. the atmosphere to 
all faces and edges. 

(b) The test temperatures, that is, 
the temperatures of the chamber con- 
taining the testing apparatus, shall be 
one or more of the following: 25 C. 
(77 F.), SOC, (122 F.), and 70 G. 
(158 F.), each temperature being main- 
tained within plus or minus 1 C. (2 F.) . 

Procedure 

14. The procedure for method B shall 
be the same as that of method A, as 
described in Section 7, except that the 
duration of the deformation test shall be 
3 hr. Also the zero point or initial read- 
ing for the begitming of the test shall be 
obtained by determining the dial reading 
with the anvils together under full load 
and calculating the zero pomt from the 
thickness of the specimen measured with 
a micrometer having a low-pressure 
ratchet attachment and capable of 
measuring to the nearest 0.2 mil. After 
determining the thickness of the speci- 
men at the end of 3 hr. the specimen shall 
be removed from the machine and left 
for 1 hr. in the chamber at the tempera - 
ture at which it is being tested. It 
shall then be removed from the chamber 
and kept at room temperature for | hr. 
after which the thickness shall be deter- 
mined agam with a micrometer. 


Calculations 


15. The deformation and recovery 
shall be calculated as follows: 


Deformation, per cent = 



X 100 


Conditioning ' 

13. (a) The specimen shall be con- 


Recovery , per cent » 


j?2 — Hi 
JJfi — Mt 


X 100 
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where-: ■ 

Hq — original specimen height or thick- 
'" v."'" ness, ■ 

Bi == specimen thickness after 3 hr. un- 
der load of 100 psi., and 
ffg — specimen thickness If hr. after 
load removal. 

Report 

16. The report shall include the follow- 
ing: 

(i) Temperature of test, 


(2) . Original thickness of test specimen 

in mils, 

(3) Total .deformation,, in 3, hr. ex- 
pressed as a percentage change in tliick- 
ness calculated on the basis of its 
original thickness, and 

(4) Recovery, the total increase in 
specimen height which occurs during the 
l|-hr. period following load removal, ex- 
pressed as a percentage of the -original 
deformation. 


APPENDIX 

CALIBRATIOi^ O? DeFORMATION-UnDER-LoAD TESTING MACHINE PER METHOD A 


The deformation-under-load testing machine 
may be calibrated by means of a calibrating bar 
and a proving ring, as shown in Fig. 4. Figure 3 
shows a calibrating bar with dimensions suitable 
for use in the testing machine illustrated in 
Fig. 1. 



Fig. 3. — Bar for Calibrating Deformation-Under- 
Load Testing Machine. 

The dial gage, its actuating detail, the upper 
anvil and screw and the jack control handles 
should be removed to make room for the cali- 
brating bar which, when properly in place, will 
be in contact with only the lower anvil of the 
load deformation machine. The weight of the 


calibrating bar and the proving ring should be 
determined and added to the load indicated by 
the proving ring. The testing machine with the 
calibrating bar and the proving ring should be 
set up in a compression testing machine or other 
suitable machine which has sufficient opening 
and is controllable to move the u|)per contact 
of the proving ring up or down or hold it sta- 
tionary, as required. To calibrate the machine 

Testing 
machine 
as shown 
inFig. 



Testing machine 
head 



^Morehouse 
2000 Ik 
proving ring 
or equivalent 


Fig. 4.—“ Arrangement of Bar and Proving Ring 
, in Calibration of Testing Machine. 

for any load the weights to be used for giving; 
that , load should be placed on the machine.. 
Readings of the proving ring may Be made with 
the compression machine held stationary or with 
the proving ring and test bar moving either up or 
down. Movement at a rate of a few mils per 
second is easy to attain and provides sufi5cient 
time for measurement. For a complete calibra- 
tion it is desirable to measure the loads with the 
machine both moving and stationary in the 
upper, middle, and lower positions. 




Tentative Method of Test for 

DEVIATION OF LINE OF SIGHT THROUGH 
TRANSPARENT PLASTICS* 



A.S.T.M. Designation: D 881-46 T 
Issued, 1946.^ 

Tixis Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method describes a procedure 
for measuring, by means of a telescope 
and a target, the deviation of the line of 
sight through flat or curved sections 
made of transparent plastics. 

Significance of Test 

2. This is a functional test for sheets 
or formed articles, such as certain air- 
craft windshields and enclosures, the 
manner of use of which requires infor- 
mation about the deviation of the line 
of sight The property measured is 
determined jointly by the prismatic 
power of the plastic at each point and 
by the angle made with the surface at 
that point by the line of sight. Thus the 
measurement should be considered as a 
specialized procedure capable of excellent 
precision and reproducibility but not ap- 
plicable for determining optical distor- 
tions nor for defining optical quality in 
any general sense. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D--20 on Plastics. 

2 Accepted by the Society at annual meeting, June, 
1946 . 


Outline of Method 

3. A line of sight is established by 
focusing a telescope on a target. By 
placing the specimen to be tested in the 
line of sight, the apparent position of the 
cross hairs on the target is shifted. 
From the magnitude of the shift and the 
distance between the target and the 
specimen, the angular deviation of 
the line- of sight by the specimen is 
calculated. 

Apparatus 

4. {a) A rigidly mounted 

telescope equipped with cross hairs shall 
be provided (Note 1). The telescope 
shall be sufficiently free of parallax so 
that when the eye of the observer is 
shifted, the corresponding movement of 
the image of the target relative to the 
cross hairs shall not exceed one tenth of 
the smallest scale division of the target. 
The magnifying power of the telescope 
shall be adequate to permit accurate 
reading of the position of the cross hairs 
on the target. The mounting of the tele- 
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scope shall be such that it cannot be dis- 
placed readily after being clamped in 
position. To obtain clear images through 
some specimens, it may be necessary to 
stop down the objective of the telescope 
;(Note2)..^, 

Note i.— An engineer’s transit is a very 
suitable instrument for measuring deviations 
of line of sight. 

Note 2.— -The intended use of the article or 
material under test may determine the size of 
stop to be used. Thus, if the user will look 
through the material with his unaided eye, then 
the diameter of the stop should approximate 
that of the pupil of the eye. Larger apertures 
make for increase of brightness of the image, but 
frequently the definition is poorer and the 
measurements are more difficult or more fatigu- 
ing. 

(5) Target— K target with a suitable 
scale shall be provided. The markings 
shall be so made and the illumination 
shall be such that the divisions shall be 
clearly visible when viewed through the 
telescope (Note 3). Where deviation in 
one direction only is of interest, the 
target may consist of parallel straight 
lines ; otherwise the most convenient form 
consists of concentric circles. 

Note 3. — ^Lines ruled in black on a white 
background, which may be either opaque with 
front lighting or translucent with back lighting, 
make the most suitable target for most purposes. 
The spacings of the lines can be calculated by 
a formula as follows : 

BL 

^"■3440 


where'.* 

s = the spacing of the lines, in inches, 

0 =the angular deviation, in minutes, cor- 
responding to an apparent shift of the cross 
hairs from one cross line to the next line, and 
L =the distance of the target from that part of 
the test specimen which is under examina- 
tion, in inches. 

Thus, if the distance of specimen to target is 
40 ft., and if an apparent shift of the cross hairs 
from one line to the next is to correspond to one 
minute of angular deviation by the specimen, 
the spacing of the lines will be: 


XX4Qxi2 

3440 


« 0.140 in. 


{c) Support for Specimen— A suitable 
fixture for support of the specimen shall 
be provided (Note 4). The specimen 
shall be fir.mly held during each measure- 
ment, and' ' means shall be provided for 
moving the specimen quickly to each 
specified position. 


Note 4. — Small flat sheets may be supported 
by hand while measurements are being made. 
Large flat sheets and curved articles require 
special fixtures, the design of which is dictated 
by the specific optical requirements of each 
article. 


Procedure 


5. The telescope shall be adjusted so 
that the cross hairs coincide with a refer- 
ence point or line on the target, and shall 
be firmly locked or clamped in this posi- 
tion. Great care shall be taken not to 
displace the telescope or target during 
the measurements, and the initial setting 
shall be rechecked freciuently. The 
specimen shall be placed in the prescribed 
position. Unless otherwise specified, the 
specimen shall be so placed and so 
oriented that the line of sight shall inter- 
sect its surface normally (Note) at a 
point 12 in. from the objective lens of the 
telescope. The position of the cross 
hairs on the image of the target shall be 
recorded if deviations at specific points 
are to be taken. If maximum deviations 
only are sought, the observer shall note 
continuously the apparent position of the 
cross hairs on the target while the sheet 
or article is moved through the line of 
sight until the entire specified area has 
been covered, and shall record the largest 
apparent displacement of the cross hairs 
from the ref erence point or line. 

'. Note,— T he deviation, of the. line of sight is 
determined both by tlie angle of incidence and 
by any lack of parallelism of the surfaces. If 
the line of sight intersects the surface normally, 
any deviation is due to lack of parallelism, such 
as may be caused by ^‘thinning out” during 
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shaping operations. In actual use, however, 
the line of sight is rarely , noniiar to the surface 
and the usual practice is to test . aircraft en- 
closures and similar articles in such a way that 
the eye of the o.bserver , and his line' of sight 
.duplicate the position and direction of those of 
the ultimate user. , 

Calculations 

6.^ The angular deviation of the line 
of sight, in minutes, produced by the 
Specimen is given by the following 
formula: 

a ^Nd 

where : 

N = the number of rulings by which the 
apparent position of the cross hairs 
has been shifted, and 


0 =r the angular 'deviation correspond-' 
ing to the distance between ad- 
jacent rulings. 

Report 

7. Unless otherwise specified the re- 
port shall include the following: 

(1) Nature of article tested, 

(2) Angle of intersection of line of 
sight with surface, if this is constant, or 
description of the arrangement used, and 

(J) Deviation of line of sight at speci- 
fied points, with the direction of the 
deviation relative to a prescribed direc- 
tion on the specimen, hr maximum devia- 
tion of line of sight. 


Tentative Method of Test for 


COEFFICIENT OF CUBICAL THERMAL EXPANSION OF 

PLASTICS' 



. A.S.T.M. Designation: D 864 - 45 T 

ISSHEH, 1945.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revivsions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa* 


Scope 

1. (a) This method of test is intended 
for the determination of the coeJBQcient 
of cubical thermal expansion of both 
rigid and nonrigid plastics* 

(5) The thernaal expansion of a plastic 
is composed of a reversible component 
on which are superimposed changes in 
volume due to changes in moisture 
content, curing (degree of polymeriza- 
tion), loss of plasticizer or solvents, 
release of stresses, and other factors. 
This method of test is intended for 
determining the reversible cubical ther- 
mal expansion under exclusion of these 
spurious factors. Some plastics show 
more or less abrupt changes in the 
coeflScient of cubical thermal expansion 
ill narrow temperature intervals, which 
indicate changes in molecular structure 
or second order transition points. They 
can be investigated by careful measure- 
ments in the critical temperature range. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJd, Ccan- 
mittee D-20 on Plastics. 

2 Accepted by the Administrative Committee on Stand- 
ards, December 12, 1945. 


Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Dilatometer , — A glass dilatonieter 
as shown in Fig. 1 (Note). It shall con- 
sist of two pieces of Pyrex glass tubing 
sealed together as shown in Fig. 1 (a). 
The lower or bulb member shall be ap- 
proximately 20 cm. in length, 10 mm. in 
outside diameter, and 1 m,m. in wall 
thickness. The capillary part shall be 
approximately 1 m. in length, 6 mm, in 
outside diameter, and about 0*7 mm. in 
inside diameter. The inside diameter 
shall be tested for uniformity and, if 
necessary corrections shall be made for 
irregularities in diameter.^ A suitable 
scale shall be attached to the dilatometer 
as shown in Fig. 1 (5). The scale shall 
extend from the top of the capillary to 
within a short distance of the stem 
mark and shall be graduated so that 
readings can be made to the nearest 
O.OScm. 


* For method of calibrating capillary see Joseph Reilly 
and W, N. Rae, “Physico-Chemical Methods," VoJ. I, pp. 
362 to 365, Van Nostrand, New York (1943), 
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Note.— G lass dilatometers as described. -in' 
this .method have been used successfully. Dila- 
tometer : bulbs; made from a metal with low 
thermai expansion may also be used, provided 
the,, expansion characteristics of the metal are 
known and are taken fully into consideration 
when calculating the coefficient of cubical 
thermai expansion of the specimen. It is hoped 
that a satisfactory design of a metal dilatometer 
can be shown in a future, revision of this method. 



(0) (b) 


Note.— T he distance from the stem mark to the neck 
of the bulb shall be about 2 cm. 

Fig. 1. — Dilatometer. 

(6) Temperature Bath,— A well- 

agitated liquid bath for controlling the 
temperature of the specimen. 

Note.— T he following baths have been found 


useful: 

Range Bath Liquid 

—35 to +10 C solid carbon dioxide - ace- 

tone, controlled to 
±0.2 G.. 

+10 to +90 C water controlled to ±0.2 C. 

+90 to +150 C oil controlled to ±0.2 C 


(c) Thermometer —A thermometer' : to, ' 
determine the temperature of the liquid 
bath with an accuracy of plus or minus 

0.1 C 

Test Specimens 

3. (a) The samples from which test 
specimens are to be cut or shaped shall' 
be prepared by methods and under con- 
ditions which insure the absence of voids 
and gas bubbles, and which yield speci- 
mens that are substantially free of 
stresses. This requirement applies also 
if the specimens are molded to their 
finished shape. 

(i) The test specimen shall be a rod 
approximately 15 cm. by 6 by 6 mm. 
with rounded edges. It may consist of 
two or more pieces although a single 
piece is preferred. 

Note. — Dimensions of specimen, bulb, and 
capillary may be changed to suit special condi- 
tions. In general, results will be more accurate 
if ratio of mercury volume to specimen volume 
is small and if ratio of meniscus travel to tem- 
perature difference is large. 

Conditioning of Specimens 

4. For those tests where conditioning 
is required, the test specimens shall be 
conditioned in accordance with Func- 
tional Procedure A of the Tentative 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (A.S.T.M. Designation: D 618).^ 
With materials whose water absorption 
is known to be negligible, the condi- 
tioning may be omitted. 

Procedure 

5. (a) Determine the weight, IF, in 
grams, of the specimen, and its volume, 
F, in cubic centimeters, by direct meas- 
urements or by means of specific gravity. 
Seal the test specimen into the bulb as 
shown in Fig. 1 (J). Place a Pyrex glass 
bubble in the bottom of the bulb to pre- 
vent excessive heating of the specimen 
during sealing. Determine the weight, 
TFi, of the tube containing the sealed-in 
specimen. 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(J) Fill the tube with by a 

vacuum technique, and adjust the level 
of the mercury meniscus by introducing 
a clean piano wire to remove excess 
mercury. This adjustment shall be 
made so that at the lowest and highest 
temperatures to be used the meniscus 
^tays within the range of the scale at- 
tached to the dilatometer. Determine 
the weight, W 2 , of the tube containing 
the specimen and the mercury. 

(c) Immerse the apparatus in the tem- 
perature bath up to the stem mark, and 
adjust the temperature of the bath to 
the lowest point of the range to be in- 
vestigated, maintaining the temperature 
at that point until the position of the 
mercury meniscus, X, has remained 
constant for 15 min. Increase the bath 
temperature in increments of 5 or 10 C., 
taking corresponding readings of the 
meniscus position. 

(d) An alternative heating schedule 
which is usually more rapid may be used, 
and consists of continuously varying the 
bath temperature at a maximum rate of 
0.5 C. per min. (Note). Readings of the 
position of the mercury meniscus, X, 
shall be taken at increments of 5 C. 

Note; — If the bulb or the specimen are of a 
larger diameter than prescribed in Section 2(a) 
or 3(^) it may be necessary to reduce the rate of 
temperature rise in order to avoid excessive 
temperature lag between the bath and the 
specimen. 

(e) Make duplicate determinations 
with rising temperature and in case of 
disagreement between these two de- 
terminations make a third or fourth 
determination until duplicate values are 
obtained. 

Note. — Values obtained on the first deter- 
mination may disagree from values obtained on 
subsequent determinations because the specimen 
may have contained stresses which have been 
released at the temperatures reached during the 
first determination. 


Calculation 

6. (a) The position of , the mercury 
meniscus shall be plotted against, tem- 
perature on linear coordinate paper. ,, In 
general, this curve will consist of two 
straight line portions which, intersect at 
the transition temperature. The slope 
of each straight-line portion shall be 
determined and this shall form the basis 
for calculating the coejB&cient of cubical 
thermal expansion above and below the 
transition temperatures. 

(b) Determine the internal volume 

of the bulb below the stem mark as 
follows : 

Om 

where: 

W 2 — Wi = total weight of mercury in 
grams, 

Sm = density of mercury (13.53 

g. per cu. cm.), 

V = volume of test specimen in 

cubic centimeters, 

Xo + i == distance of mercury menis- 
cus from stem mark in 
centimeters at time of 
weighing, and 

A — cross-section of capillary 

bore in square centi- 
meters. 

(c) Calculate the coefficient of cubical 
thermal expansion, both above and below 
the transition temperature, as follows : 

AaX Vo , 

O' — — — - — — — ag) am 

V At V 

where: 

a = coefficient of cubical thermal ex- 
pansion of specimen, 

A = cross-section of capillary bore, in 
■ square centimeters, ,' 

V , ==. ' volume of. test speeim.en, in cubic 
' , centim.eters,, .•'■v''" 

V 0 == internal volume of bulb below 
\ stem mark,, in cubic centimeters, 
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“ coefficient of cubicar thermal ex- 
pansion of mercury (18.2' X 
... 10 ^®). , 

ag = coefficient of cubical thermal ex- 
pansion of Pyrex glass (1.0 X 
10"”®),. and 

AX ■ 

— == slope of a straight line portion of 
the plot determined from two 
points (Xi, and (X 2 , fe) 
where AX = X 2 — Xi and M 
= ^2 — 4- 

Report 

7. The report shall include the fol- 
lowing: 

(i) Designation of material, including 
name of manufacturer and information 
on composition when known, 


{2) Method of preparation of test 
specimen, 

(J) Temperature range over which the 
measurements were made, 

(4) Coefficient of cubical thermal ex- 
pansion per degree Centigrade. 

(J) If a transition point is found, in- 
clude the transition temperature and the 
coefficients of cubical thermal expansion 
below and above the transition tem- 
perature, 

Note. — Por data to be published ia tables of 
properties of plastics, it is recommended that the 
coefficient of cubical thermal expansion as de- 
rived from readings at —30 C. and +30 C, be 
given. 

(6) Complete description of any un- 
usual behavior of the specimen. 


Tentative Method of Test for 

FLAMMABILITY OF PLASTICS, SELF-EXTINGUISHING 

TYPEi 



A.S.T,M. Designation: B 757 ~ 44 T 

Issued, 1944.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
. be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test is designed to 
evaluate the flammability of rigid plastics 
in the form of sheets or plates I in. in 
thickness when brought into contact 
with a surface at bright red heat. It is 
designed to be used for materials found 
to be self-extinguishing when tested by 
the Standard Method of Test for Flam- 
mability of Plastics Over 0.050 in. 
in Thickness (A.S.T.M. Designation: 
D 635).® 

Note.— For tests of plastics in the form of 
thin sheets or films 0.050 in. and under in thick- 
ness, reference should be made to the Standard 
Method of Test for Flammability of Plastics 
0.050 in. and Under in Thickness (A.S.T.M. 
Designation: D 568),® Flammability tests of 
sheet and plate insulation are covered in the 
Standard Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation (A.S. 
T.M. Designation: D 229).® 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-20 on Plastics. 

* Accepted by Committee E-10 on Standards, January 
19. 1944. 

* Appears in this publication^ see Contents in Numeric 
Sequ»ice of A.S.T.M. Designations at front of book. 


Apparatus 

2, The apparatus shall consist of the 
following: 

{a) Test Chamber —K room or en- 
closure protected from air currents, but 
provided with means for venting the 
fumes from burning specimens. A hood 
may be used if its exhaust fan is turned 
off during the test and allowed to run 
only periodically to clear out the fumes 
between tests. 

(6) Test Unit — K test unit consisting 
of the parts shown in Figs. 1 and 2. 
The igniting source, shall be a globar 
element'^ supported in upright holders, 
JS, with ceramic or asbestos bushings. 
The globar element shall be heated to 
950 C. (1742 F.) by alternating or direct 
current. By means of a voltage regulator, 
or rheostat, and suitable voltmeter and 
ammeter or a wattmeter, the electrical 
input shall be adjusted to 350 ± 20 w. 
On typical globar units of this type, this 

: ■ * Such' :a globar element is obtainable from the' Globar' 
Division, The Carborundum Co.. Niagara Falls, N. Y., 
and is designated as their type “AT,” 11 by 4 by 5/16 in. 
(The overml length is 11 in., the length of the high resist- 
ance portion is 4 in., the diameter is 5/16 in.) The as- 
sembly of the element requires two No. 2100 type M 
clamps and two No, 2051 terminal straps. 
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variation of power inpiit will give a range Brocedme 

of temperature from 900 to 1000 C. 4. (a) The igniting bar shall be heated 
(1652 tO' 1832 F.) which will not signifi- to the test . temperature of: ' 950 C. 



cantly affect the results of the test. If 
available, an optical pyrometer may be 
used to check the temperature of the 
bar, Wlien at the proper temperature, 
the bar should glow a bright cherry red. 
The specimen holder, D, shall be pivoted 
on the base at E, to permit the specimen, 
F, to remain in contact with the igniting 
bar to the extent of 0.200 in. by spacing 
of the stop screw, Cj. A 20-mesh gauze 
screen for catching any molten material 
shall be located 0,25 in. below the lowest 
position of the lower edge of the speci- 
men and shall be supported as shown in 
Fig. 2. ; _ : 

(c) Stop Watch or Clock. 

Test Specimens 

3. At least three test specimens 5 in. 
in length by I in. in width by | in. in 
thickness shall be tested. They may be- 
sawed, cut, or milled from sheet stock or 
; from standard test bars. The thickness 
shall not vary more than 0.010 in. from 
the nominal | in. Specimens shall be 
tested in the as-received condition. Spe- 
cial preconditioning of the specimens 
may be agreed Ujpon by the purchaser 
and' the manufacturer,.. 



(1742 F.) as described in Section 2 (6) 
and allowed to heat until the electrical 
meters indicate a steady current. 

(&) The specimen shall be damped in 
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the specimeE holder with 'its length hori- 
zontal and at right angles to the axis of 
the igniting bar and its width in a verti- 
cal plane. The length free to burn out- 
side of the clamp shall be 4 in. The 
front edge of the clamped specimen shall 
be brought into contact with the igniting 
bar and allowed to remain in this position 
for 3 min. 

Note. — ^Easily flammable materials will 
burn or melt their way to the stop screw, G, with- 
in a few seconds. The less flammable materials 
will burn or char only a small area adjacent to 
the igniting bar. 

(c) After 3 min. any flaming shall be 
extinguished, the specimen removed, and 
the length burned shall be measured. 
For convenience, the burned specimen 
may be placed beside an untested speci- 


men and the length of the burned speci- 
men measured to the nearest 0.05 in. at 
the center of" the J in. side, to the point 
at which no charring or melting is visible. 
This length divided by three shall be 
recorded as the rate of burning in inches 
per minute. If a material burns up to 
the clamp in less than 3 min., the time 
of burning in minutes shall be noted, 
and divided into four to give the rate 
of burning in inches per minute. 

Report 

5. The burning rate in inches per min- 
ute shall be reported as the average of at 
least three tests. In case the specimen 
melts without burning, or shows any 
unusual behavior, this should be re- 
corded. 



Tentative M.et hod of Test for 
REPEATED FLEXURAL STRESS (FATIGUE) OF PLASTICS’ 



A.S.T.M. Designation; D 671 - 42 T 

ISSXTED, 1942.2 


This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the test pro- 
cedure for determining the effect of 
repetitions of stress on plastics by a 
fixed-cantilever type of testing machine 
designed to produce the same maximum 
deflection of the specimen in each cycle 
(Note). This test is also applicable to 
plastic impregnated wood and plastic 
bonded plywood. 

Note. — Since the characteristics which render 
a material resistant to fatigue are not com- 
pletely known, and since the effect of such factors 
as the variations in shape of specimen, type of 
testing machine, and conditions of test (speed of 
machine, temperature of specimen, atmospheric 
temperature, and relative humidity), are not 
completely known, the details considered in 
this method concern those factors known to 
have important influences. Since other factors 
equally as important may in the future be 
discovered, the details of this tentative method 
are largely advisory in nature. 

Pefinitions 

2. (a) Fatigue {Progressive Fracture). 
—The phenomenon of the progressive 
fracture of a material by means of a 

J Under the standardization i^rocedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee. D-20. on Plastics. ' 

2 Accepted by the Society at annua! meeting, June, 
1942 . ' 


crack which begins and spreads under 
the action of repeated cycles of stress. 

(6) Fatigue Strength (5f) — The maxi- 
mum amplitude of an alternating stress 
cycle, expressed in pounds per square 
inch, which will not cause fracture of 
the material for a given number of cycles 
of alternating stress. The correspond- 
ing number of cycles of stress must be 
stated (Note). If the term is used with- 
out further qualification, it is understood 
that the stress cycle is such as to produce 
a complete reversal of stress (from 
tension to compression), see Fig. 1 {a). 
When the stress cycle does not produce 
complete reversal of stress the mean 
stress of the cycle must also be stated. 
(In this case the fatigue strength is not 
the maximum stress in the cycle, Fig. 

i(j), (4W). 

Note.— F or some plastics and some metals 
the fatigue strength remains constant beyond 
a certain number of cycles of stress. That is, 
below a certain value of alternating stress the 
material does not fracture for an indefinitely 
large number of cycles of stress. The corre- 
sponding value of fatigue strength is commonly 
known as the endurance limit. 

Unfortunately, in the literature on fatigue of 
metals the terms endurance limit, endurance 
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strength, and fatigue limit have been used 
interchangeably. They have been used to refer 
to the maximum .stress 'in- a stress cycle below 
which no evidence of fracture can be detected 
after a very large number of cycles of loading. 
The same terms have also been used to refer to 
the maximum stress in a stress cycle which 
would cause fracture after an arbitrarily selected 
number of cycles. This definition has been used 
in tests of metals for applications in wliich the 
number of repetitions of maximum loading in the 
life of the structure was expected to be relatively 
small 

(c) Mean Stress (Sm) - — The algebraic 
mean between the maximum and mini- 



Fig. L — Stress-Time Curves for Different 
Ranges of Variations of Stress. 


mum stress produced in a material during 
an alternating cycle of stress. When 
used in conjunction with the fatigue 
strength the term, mean stress, denotes 
the mean stress for which the stated fa- 
tigue strength was determined . The sign 
of the mean stress, whether tension (+) 
or compression (—), must be stated. 
The mean stress is used together with the 
fatigue strength to define the range of 
variation of stress in the stress cycle for 
which the fatigue strength was deter- 
mined. The mean stress of a cycle is im- 
portant because in general the fatigue 
strength of a given material will depend 
upon the magnitude of the mean stress. 
Thus it is necessary to specify both the 
fatigue strength and the mean stress. 

In Fig. 1 stress versus time curves are 
shown for one cycle of stress with differ- 


ent combinations of mean stress and 
superimposed alternating stress. The 
alternating stress , cycle shown has an 
amplitude equal to the fatigue, strength 

In Fig. 1 (a) the fatigue strength is 
Sf, the mean stress is zero, and the 
maximum' tension equals the maximum, 
compression. 

In Fig. 1, (&), (c), (rf) the mean stress 
Sm is not zero. In Fig. 1 (b) the cycle of 
stress produces a maximum tension 
greater than the maximum compression. 
In Fig. 1 {c) all values of stress in the 
cycle are tension. In Fig. 1 (if) all 
values of stress in the cycle are com- 
pression. 

Note. — Another way of defining the range 
of variation of stress in a stress cycle is to use 
the ^‘range ratio.” The range ratio has been 
defined as the ratio of the (numerical) minimum 
stress to the maximum for any cycle. Thus the 
range ratio and the fatigue strength must be 
stated to define the range of variation of stress 
in the stress cycle for which the fatigue strength 
was determined.* 

(d) Fatigue Ratio , — The ratio of fa- 
tigue strength for cycles of completely re- 
versed stress to the static tensile strength 
of the material as determined in accord- 
ance with the Tentative Method of 
Test for Tensile Properties of Plastics 
(A.S.T.M, Designation: I) 638) of the 
American Society for Testing Materials.^ 

Apparatus 

3. The apparatus (Fig. 2) shall con- 
sist of the following: 

(a) Testing A fatigue test- 

ing machme of the fixed-cantilever, re- 
peated constant-deflection type (see 
Appendix I). In this machine the 
specimen, Fig. 2, shall be held as a 
cantilever beam in a vise, 5, at one end, 

* See “Present-Day Experimental Knowledge and 
Theories of Fatigue Phenomena in Metals,” Appendix to 
the Report of Research Committee on Fatigue of Metals, 
Frocemift^Sy Am. Soc. Testing Mats., VoL 30, Part I. 
p. 260 (1930). 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T,M. Designations at front of book. 
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M, and bent by a concentrated load ap- deflection is greater on one side than on 
plied to a holder, /, fastened to the other the other (mean stress not zero), 
end. The bending shall be accomplished (b) Counter , — A counter, K, Fig. 2, 
by a connecting rod, C, driven by . a geared to the shaft so as to record the 
variable eccentric, D, mounted on. a number of cycles, A suitable mechani- 
shaft. The shaft shall be rotated at cally or electrically operated cut-off 
constant speed by a motor. The vise switch, L, shall be provided to stop the 
may be set in the plane of the eccen- machine when the specimen fractures, 
trie so that the beam will be deflected (c) Holder . — ^A holder, /, Fig. 2, for 
the same amount on either side of the the test specimen proportioned in such a 
neutral position (completely reversed way as to place the center of percussion 
stress) or the vise may be set so that the of the oscillating portion of the specimen 



^"diom. /i 


I 


1 ' < ■ — ■ — 

Counferwelght 
•/ for Adjusting ^ ■ 
' Center of Percussion 


-Holder for Test Specimen. 


and holder at the wrist pin, F. It 
shall have as little mass and as large 
rigidity as possible in order to minimize 
inertia effects. A diagram of the holder 
for the free end of the specimen is shown 
in Fig. 3. It is necessary, for some 
materials, to use rubber gaskets in the 
grips on both the holder and the dyna- 
mometer to prevent failure at the grip 
due to stress concentration and chafing, 
{$) The vise, F, Fig. 

2, containing a dynamometer (Note) 


Fig. 2.— Fixed-Cantilever, Repeated-Constant-Beflection Type Fatigue Testing Machine. 
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for -iaeasuring the load on the specimen. 
The dynamometer , shall consist of a 
reduced section, G, which acts as a 
spring, and a dial gage, F, to measure 
the deflection of the spring when the 
specimen' is - deflected. 

Note.— Another form of this machine does 
not contain a separate dynamometer but uses 
the specimen as a dynamometer. In this case 
a dial is used to measure the deflection of the 
specimen under a known load, preferably the 
load which is repeatedly applied to the specimen. 
This requires a separate calibration for each 
specimen. The result obtained is very nearly 
identical to that obtained with a dynamometer. 

Test Specimens 

4. (a) Unnotched Specimen. — ^The un- 
notched specimen shall conform to the 
dimensions shown in Fig. 4 (a). The 
cross-section at the center of the speci- 
men shall be 0.3 in. square, except in the 
case of the specimen from thin sheet® 
which shall be 0.3 in. by the thickness of 
the sheet. The 2-in. radius (Note) of 
the scalloped sides shall be formed by 
milling, using a very sharp cutter and 
such combination of speed and feed as 
will give a good finish with a minimum of 
heating of the specimen. The test speci- 
men shall be polished with successively 
finer emery paper, finishing with No. 00 
to remove all scratches and tool marks. 
The final polishing shall be lengthwise 
of the specimen, since even small 
scratches transverse to the direction of 
tensile stress tend to lower the fatigue 
strength. In order to avoid heating, 
all polishing shall be done either by hand 
or with light pressure on a slowly re- 
volving sanding drum. Care shall be 
taken to avoid rounding the corners. 

*For the purposes of this test a^thin sheet shall be 
defined as a sheet less than 0.3 in. in thickness or a material 
for which the ratio of the modulus of elasticity to the en- 
durance limit is less than 100. The reason for these restric- 
tions is that thin sheets and materials having a low modu- 
lus of elasticity are bent so much under the required loads 
that the fatigue specimen cannot (in the deflected posi- 
tion) be considered a straight beam and hence the equation 

is not accurate. It should be noted that the 

grips (Fig. 3) may not be satisfactory for specimens of very 
thin sheet due to the inertia forces set up by the vibration. 


Note.- — WItb a cantilever specimen,: the 
maximum stress does not occur exactly at the 
minimum section, but slightly farther from the: 
point of loading, F, Fig. 2., Howeve,r, with a- 
moment, arm of 5 in. and ■ a specimen with' a 
radius of 2 in. this discrepancy is small enough 
to be neglected. 


{b) V- Notched Specimen, — ^The., V- 
notcbed specimen for , testing materials 
other than thin sheets shall conform to 
the dimensions shown in Fig. 4 (b). 
The standard V-notch shall be at the 
center of the specimen on one side and 
shall be 0.01 in. in radius and 0.02 in. in 


/Trod. 
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(b) Stondard V-Hotch Specimen. 
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(c) Drilled Hole Specimen, 


Fig, 4. — Specimens for Fatigue Test. 

Notje — In the case of uniiotched specimens the thick- 
ness of the specimen shall be 0,3 db 0.01 in., except un- 
notched specimens for sheets which shall be the thickness 
of the sheet. 


depth. The notch shall be formed by 
milling or shaping in such a way that it 
will be free from scratches. After ma- 
chining, all edges of the specimen shall be 
smoothed to remove burrs, 

(c) Drilled- Hole Notched Specimen for 
Thin Sheets. — ^The notched specimen for 
testing thin sheets® shall conform to the 
dimensions shown in Fig. 4 (<;). The 
notch shall consist of a transverse hole 
• drilled with a sharp No*. 31 drill, 0.120 
in. in diameter. The specimen shall be 
'polished in the region of the hole before 
the hole is drilled and all burrs shall be 
removed after drilling. No attempt 
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shall be made to polish the inside of the 
hole. 

Possibilities and Limitations of Test 

5. (a) The fatigue test is inherently a 
time-consuming test and not convenient 
for acceptance testing. Its primary 
function is in the evaluation of fatigue 
strength of materials and determination 
of data for design. 

(b) The type of machine covered in 
this recommended practice is suitable 
for determining the fatigue strength of 
both notched and unnotched specimens 
for any value of mean stress in tension, 

{c) Specimens notched on one side 
(as in Fig. 4(5)) may be used to 
determine the notched fatigue strength 
for any value of mean stress in either 
tension or compression. It should be 
mentioned that for material (such as 
cellulose acetate) which creeps rapidly, 
the effect of a mean stress other than 
zero is to cause relaxation so that the 
stress cycle tends to approach the condi- 
tion of complete reversal of stress. 

(d) The notched specimen is used to 
determine the effect of a notch of stand- 
ard dimension upon the fatigue strength 
of the material The V-notch considered 
in this test as standard is shown in Fig. 
4 (5). The transverse-hole notch shown 
in Fig. 4 {c) may be used for thin sheet 
and material such as plywood for which 
the continuity of the material would be 
altered by the V-notch. 

{e) In any plastic part there are likely 
to be changes in cross-section, such 
as fillets, holes, screw threads and the 
like, at which the state of stress is com- 
plex (a combination of normal or shear- 
ing stresses, or both, in more than one 
direction) and at which the maximum 
value of stress is greater than that 

calculated by formulas such as 5 = -j-. 

It is known that the effect of a certain 
type of notch in reducing the fatigue 


strength of one, material may be more 
severe than in another material; the use 
of a standard V-notch in a fatigue test 
specimen is therefore desirable as a 
means of evaluating the sensitivity of a 
material to the effect of a stress raiser. 

(/) Other notches have been proposed 
to replace those shown in Fig. 4 (5) and 
{c) but experimental evidence of their 
suitability is at present lacking. 

(g) Tests of thin sheet^ yield results 
which vary with the thickness of the 
sheet even though the material is 
identical.^ Because of this fact the 
thickness of the sheet shall be specified 
when reporting results of tests of thin 
sheet; and all comparisons of different 
materials, or selection of materials on 
the basis of fatigue strength shall be 
made from results of tests of standard 
specimens or tests in which the same 
thickness of sheet is used for all materials. 

Qi) In the application of this test 
procedure it is assumed that test speci- 
mens of a given material are comparable 
and truly representative of the material. 
Departure from this assumption may 
introduce discrepancies as great as, if 
not greater than, those due to departure 
from details of procedure outlined in 
the test. 

Conditioning 

6. {a) PrecondUioning . — All speci- 
mens shall be conditioned for 14 days in 
the atmosphere of the enclosure in which 
the tests are to be conducted. 

(5) Test Conditions , — ^Tests shall be 
made in a room maintained at a constant 
temperature of 77 dz 2 F. (25 d: 1.1 C.) 
and relative humidity of SO dz 2 per cent 
except when it is desired to evaluate the 
effect of high or low temperature or rela- 
tive humidity on the endurance limit. 
Under all circumstances the temperature 
and relative humidity of the test atmos- 
phere shall be recorded. 

{c) Temperature of Specimen,— Smce 
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the mechanical properties of many pks- 
tics change rapidly with small changes in 
temperature, and since heat is generated 
as a result of the rapid flexing of the 
specimen in fatigue, the air velocity over 
the specimen shall be known. In order 
to insure uniformity of test conditions 
all tests shall be conducted in still air 
(average air velocity less than SO ft. per 
min.). The temperature at the high 
stress region of the specimen shall be 
measured and recorded for a specimen 
operating at the fatigue strength in still 
air. This temperature shall be measured 
by means of a thermocouple attached to 
the specimen by a strip of cellulose tape 
I in, in width. 

Procedure 

7, (a) Calibration of Dynamometer , — 
The dynamometer shall be calibrated 
occasionally by using a dummy specimen 
disconnecting the connecting rod at F, 
Fig. 3, hanging known weights from the 
wrist pin, F, and noting the correspond- 
ing reading of the dial, H, The load in 
pounds shall then be plotted against the 
corresponding dial reading. A straight 
line diagram should result. The load 
corresponding to one division of the dial 
may then be calculated from the slope of 
the line. This value is the calibration 
constant of the dynamometer. The cali- 
bration constant shall give results within 
1 per cent of the correct value of the 
load.® The dynamometer dial, J?, shall 
read zero when a specimen, without grip, 
/, attached, is fastened to the dy- 
namometer at M. 

(S) Measmements.--'I]it minimum 
section of the specimen shall be measured 
to the nearest 0.001 in.® (For thin sheet, 
the relative error of measurement of 
the thickness of the sheet shall not ex- 
ceed f of 1 per cent.) The specimen 


shall be clamped snugly in the grips, J, 
Fig, 2, and the distance, /, from the cen- 
ter of the crankpin to the minimum sec- 
tion of the specimen shall be: measured 
to the nearest 0.02 in.® .The other end 
of the specimen shall be clamped in the 
vise and the connecting rod affixed, to 
the wrist pin. 

(c) Calculation of Stress,~Tht bend- 
ing moment shall be calculated as fol- 
lows: 

c 

where: 

M = bending moment, 

6* = desired stress in tension or com- 
pression, in pounds per square 
inch, on the outer (most highly 
stressed) fiber of the specimen, 
c = distance in inches from the neutral 
surface to the outer fiber (Note), 
and 

I = second moment (moment of iner- 
tia) of the net area at the mini- 
mum section calculated as fol- 
lows : 



For the unnotched specimen (Fig, 4 (a)): 
b = net width of the specimen, and 
h — net depth of the minimum section of the 
specimen. 

For the standard V -notched specimen (Fig, 4 (b)): 
h = net width of the specimen, and 
h ^ thickness of the specimen at the root of 
the notch. 

For the drilled-hole notched specimen {Fig. 4 (c)): 
b ~ width of the specimen minus the diameter 
of the hole, and 
k = depth of the specimen. 

Note.— F or a rectangular or square , cross- 
section (Figs. 4 (a) or (c)), C — one half the 
depth of the beam; for the notched specimen 
(Fig. 4 (&)), C = one half the thickness of the 
specimen at the root of the notch. 

(d) Calculaiidn of Test .Load— The 
load to be applied to the specimen shall 
then be calculated as follows; 


• The maximum allowable errors indicated for the 
measurements and calibration will insure a maximum rela- 
tive error, in the calculated stress, of less than 3 per cent. 
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where* , 

P = load in; pounds ' to be applied to 
the specimen, , . 

M — bending moment, and 
I == distance in, inches from the wrist' 
pin , to the minimum section' of 
the specimen. , 

The .reading of the dynamometer dial 
corresponding to thisToad shall be de- 
termined from the dynamometer con- 
.stant (Paragraph (a)).,, 

(e) Speed of -The test shall 

be made at 1720 :dz .25 cycles of stress 
per minute, except when it is desired to 
determine the effect of speed of testing. 
The speed of testing shall be recorded. 

' {f} Adjustments of Machine, — ^To' pro- 
duce , complete .reversal , of stress, the 
position of the vise shall first be adjusted 
so' that the specimen, is' undeflected, when- 
the variable- throw crank .is at mid- 
stroke..' The variable-throw crank shall 
then,, be adjusted, to produce the load 
desired on the specimen as indicated by 
the, 'reading of the dynamometer dial. 
.The load indicated shall be the .same for 
both ,, up ward and downward deflection 
and shall be equal to that calculated in 
Paragraph (c) for the desired stress. 

To produce an alternating cycle- of 
stress in which the mean stress is differ- 
ent .from zero, the variable-throw, crank 
shall first be adjusted to produce the de- 
sired amplitude of; the alternating cycle 
of stress -and the.n .with the variable- 
t,hrow crank at mid-stroke the position 
of the vise ' shall be adjusted so as to 
produce a stress equal to the desired 
mean stress of the cycle. . . 

(g) —Readings of the dy- 

namometer and revolution counter shall 
be made before starting the machine. 
Dynamometer readings shall be recorded 
every 12, to 24 hr. during the, testing of 
the specimen. After fracture : of each 
specimen the cross-section at fracture 
and the distance from the fracture to the 
wrist pin shall be measured and recorded 


before the specimen is removed from^ the 
grips. If the specimen fractures at a 
section more than' | in. from the mini- 
mum section, the data for this specimen 
shall be marked void. 

Plotting and Interpreting Results 

8. (a) No corrections for the follow- 
ing shall be made to the value of stress 
calculated at the minimum section of the 
specimen : (i ) For fracture away from 
the minimum section, (2) for the position 
of the. theoretical maximum stress (See' 
Note, Section 4 (a)), or (J) for a change 
in dynamometer reading during the test. 

(b) Plotting ResuUs — An: , S or 
stress-cycle diagram shall be plotted 
with the stress as the ordinate against 
the logarithm of the number of cycles 
required for fracture as the abscissa. 
The use of semilogarithmic paper will 
facilitate the plotting. Specimens which 
did not fracture shall be indicated on the 
diagram by an arrow directed away from 
the plotted point in the direction of in- 
creasing cycles. 

(c) Interpretation of When a 

material shows a knee in the S-N or 
stress-cycle diagram such that the curve 
gives clear indications that it becomes 
asymptotic to a horizontal (constant 
stress) line, it is sufficient to carry the 
number of cycles far enough beyond the 
knee to indicate with a good degree of 
accuracy that the curve becomes asymp- 
totic to a constant stress line; If' the. 
curve does not become asymptotic to a 
constant stress line, the test shall be 
continued until the number of cycles 
reached is greater than the number of 
cycles that the material will be expected 
to withstand in its life. The value of 
stress corresponding to this number of 
cycles shall be reported as the 'Tatigue 
strength at --- cycles.” (Substitute the 
maximum number of cycles for which the 
stress-cycle diagram has been well de- 
fined by the tests.) 
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PiecEtitions Necessary in Applying B.e»' 

suits ; 

9. {a) So little is known about the re- 
lationship between service and fatigue 
tests of plastics that generous factors of 
safety should be used in design. 

(J) It is necessary to make sure 
whether it is failure from fatigue that is 
the prime danger or failure from other 
causes such as creep, yielding, fracture 
under a single loading, or others. 

(c) For plastics which are subject to 
creep at the temperature of testing (this 
probably includes all plastics at room 
temperature) a fatigue test, in which 
the mean stress is not zero, is accom- 
panied by either creep or relaxation de- 
pending on the type of testing machine 
used. Relaxation of stress will occur 
for the type of machine considered in this 
method. As a result of this relaxation 
the range of stress tends to approach the 
condition of complete reversal of stress 
as time goes on. The magnitude of the 
effect that relaxation would have on the 
result obtained will depend upon the 
rate at which relaxation takes place and 
upon the time required for the endurance 
limit to be reached. The rate at which 
relaxation takes place will depend upon 
the material and the magnitude of the 
mean stress of the cycle. 


Report 

' 10. The report (see Appendix II) shall 
include the following: 

(1) .Description of, the .material tested 
including name, , manufacturer, , .code 
number, date' of manufacture, .type of 
molding, and thickness of., specimen or 
original material in case of thin sheet, ' 

(2) Dates of the test, 

(J) Type of testing machine, 

(4) Size and type of specimen used 
and whether notched or unnotched. If 
notched, the type of notch, 

(5) Thickness of the specimen in the 
case of thin sheets, 

(6) Preconditioning used (number of 
hours at the temperature in degrees 
Fahrenheit and relative humidity), 

(7) Temperature of the testing room 
in degrees Fahrenheit and the relative 
humidity of the testing room, 

(8) Temperature of the specimen in 
degrees Fahrenheit when operating at 
the fatigue strength, 

(P) Speed (number of cycles per 
minute) of the testing machine, 

(10) Fatigue ratio, 

(11) Maximum number of cycles used 
in the test, 

(12) Fatigue strength in pounds per 
square inch at the number of cycles of 
stress, and the mean stress, and 

(13) Mean stress of the cycle in 
pounds per square inch and whether in 
tension or compression. 


APPENDIX I 


CnASSincATioN OP Fatigue Testing Machines 


I. Direct Stress (tension or compression, or 
both) : 

A. Repeated axial loading by alternating 

magnetic field or by inertia vibra- 
.■lion. . 

B. Repeated axial deformation by means 

of connecting rod or cam. 

II. Flexural Stress: 

A. Repeated loading by : 

(/) Rotating cantilever loaded by 
weight or spring. 

{2) Fixed cantilever loaded by 


magnetic or inertia vibrator 
or by, rotating spring. 

{3) Rotating beam in pure bending 
loaded by, spring or weights, 

B. Repeated defection by;\ 

(i) Fixed cantilever, repeated, con- 
stant-deflection.. ; 

III. Torsional Stress:'' ■ , 

A. Repeated , angular torque., by; ,. 

(i) .Inertia vibrator. : 

B. Repeated ;, angular, ' twist hy.. ■ ■ ■ ■ . 

(i) Cam or connecting rod action 
. , ..'on'atorque.am. '.. ■ 
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APPENDIX II 


Suggested Form of Data Sheet for Repeated Flexural Fatigue Test 

OE Plastics 


FATIGUE OF PLASTICS 

Material Date.... 

Fixed-cantilever, repeated-deflection type fatigue Test made by, 

. testing machine No.... 

.specimen: ... 

Width, 5 in. Initial weight ....g. 

Height, is ........in. Final weight g. 

„ — r=, Specimen temperature .......deg. Fahr. 

Room temperature deg. Fahr. Room relative humidity... per cent 

Speed of testing cycles per minute 

Amplitude of alternating stress in cycle..... :psi. Mean stress of cycle ...........psL 

Moment at minimum section ...in. lb. Arm to minimum section, L.... .in. 

Load ..lb., or division on dynamometer 

Cross-section of specimen at fracture: & ...in., A ....in. 

Distance center line of connecting rod pin to fracture, L.... in. 

Final reading revolution counter ............. 

Initial reading revolution counter 

Cycles for fracture 

Remarks: .... 


APPENDIX III 


Suggested Form eor Reporting Results oe Repeated Flexural Fatigue Test 

OE Plastics 

1. For evaluation of the fatigue strength of a material; The report shall contain the following 
information: 

(a) Fatigue strength at cycles of stress was psi. for a mean stress of 

psi. tension or compression (cross out one). 

(b) Fatigue ratio was 

(c) Maximum number of cycles used in the test was cycles. 

(d) Temperature of the testing room was deg. Fahr. 

(e) Relative humidity of the testing room was percent. 

If) Temperature of the specimen when operating at the fatigue strength was deg. Fahr. 

(g) Conditioning used was hr. at deg. Fahr. and per cent relative 

humidity. 

(h) The type of testing machine was 

(i) The speed (number of cycles per minute) of the testing machine was 

(j) Description of material tested is: name , manufacturer code number 

date of manufacture ..., type of molding thickness of sample 


(^) The dates of test were , .. 

2. For evaluation of the fatigue strength of a notched material: The report shall contain items 1(5) 
tlirough (k) above, and: 

Fatigue strength at cycles of stress of a standard V-notch specimen was ..... .......... 

psi. for a mean stress of psi. tension or compression (cross out one). 

For evaluation of the fatigue strength of thin sheet®: The report shall contain items 1(5) through 

(k) above, and: 

Fatigue strength at cycles of stress of a sheet of in. thickness was ................ 

psi. for a mean stress of psi. tension or compression (cross out one). 

4. For evaluation of the fatigue strength of notched thin sheet: The report shall contain items 1(5) 
through (k) above, and: ^ . t • v 

.. cycles of stress of a sheet of in. thickness with a 

drilled-hole notch was psi. for mean stress of psi. tension or compression 

(cross out one). 
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i A.S.T.M. Designation; D 790 - 45 T 

\ Issued, 1944; Revised, 1945.2 

I This Tentative Method has been approved by the sponsoring committee 

and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the procedure 
for determining the flexural properties of 
rigid plastic and electrical insulating 
materials, including molded thermo- 
plastics and thermosetting materials and 
laminated plastics. This method is not 
applicable to nonrigid plastic materials. 


Apparatus 


2. The apparatus shall consist of the 
following: 

{a) Testing Machine , — properly cali- 
brated standard type testing machine 
which can be operated at a constant rate 
of crosshead movement, and in which the 
error for indicated loads which are to be 


recorded shall not exceed plus or minus 1 
per cent. The stiffness of the testing 
machine shall be such that the total elas- 
tic deformation of the system does not 


exceed 1 per cent of the total deflection of 
the test specimen. The load indicating 


mechanism shall be essentially free from 
the inertia lag at specified rate of testing. 

1 Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of the A.S.T.M, 
Committee I)-9 on Electrical Insulating Materials and 
Committee D-20 on Plastics. 

® Revision accepted by Committee E-10 on Standards, 
June 27, 1945. 


The accuracy of the testing machine shall 
be verified in accordance with the Stand- 
ard Methods of Verification of Testing 
Machines (A.S.T.M. Designation; E 4).^ 
{h) Loading Nose , — The loading nose 
shall have a radius of at least | in. If 
significant indentation occurs, a radius 
of one and one-half times the specimen 
depth for a chord length of not less than 
twice the specimen depth shall be used. 

(c) Supports— Centex loading shall be 
used. The span shall be adjustable. 
Either round-nosed supports of the same 
radius as the loading nose or roller-bear- 
ing plates shall be used. The roller- 
bearing plate is illustrated in Fig. 1. 

Test Specimens 

3. The specimen may be machined 
from sheets, plates, or molded shapes or 
may be molded to the desired finished 
dimensions. 

(a) Sheet Materials —For&sitwise tests 
of sheet materials, the depth of the speci- 
men shall be the thickness of the material. 
It shall be tested as a simple beam 
(load applied at the center and beam 
supported at each end of span). The 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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span' shall be at least 16 times the depth 
and the length of the specimen shall be 
the span length plus at least 2 in. to per- 
mit an overhang of at least 1 in. on each 
end. The width of the specimen shall 
be at least | in, and shall be kept uni- 
form, but the width shall be at least equal 
to the depth. For specimen tested edge- 
wise the thickness of the sheet shall be 
the width of the specimen, and the depth 
shall not exceed the width. The span- 
depth ratio shall be at least 16 based on 
the nominal thickness (depth) (Notes 
1, 2, 3, and 4). 


Note, 1. — When the width is more than one, 
eighth of the span the beam formula will not, 
strictly apply because the behavior of specimen 
becomes more nearly that of a plate than a beam. 
Hence, whenever practicable the width should 
be limited to one eighth of the span. 

Note 2. — The dimensions suggested for test 
specimens are shown in Table 1. 

Note 3.— -The original surface finish shall not 
be disturbed on the top and , bottom surfaces, 
except as noted hereafter. For sheets thicker 
than 2 in. or for thinner sheets where the testing 
machine will not accommodate the span for full 
depth, specimens J in. in thickness may be cut 
from the sheet. In such a case both upper and 
lower surfaces shall be machined and the loca- 
tion of the specimens with reference to the total 
thickness shall be noted in the report. The 
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TABLE I.-SUGGESTED DIMENSIONS FOR TEST 
SPECIMENS. 


Nominal 
Thick- 
ness of 
Sheet, 
in. 

Span, 

min., 

in. 

Flatwise 

Edgewise 

Depth 

of 

Speci- 

men, 

in. 

Width of 
Specimen, 
in. 

Depth 
of ^ 
Speci- 
men, 
in. 

Width' 

of 

Speci- 

men 

(Nomi- 

nal 

Thick- 

ness), 

in. 

1 Min. 

Max.! 
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values obtained on machined specimens and 
those with original surfaces retained are not 
strictly comparable, consequently any specifica- 
tion for flexural properties on the thicker sheets 
must state whether the original surfaces are to be 
retained or not. 

Note 4. — For comparing values the thickness 
of specimens being compared should be approxi- 
mately equal. 

(6) Molding Materials . — For molding 
materials except as noted hereafter, the 
molded specimen for the flexural test 
shall be 5 by 0.5 by 0,25 in. using a span 
of 4 in. This provides a span-depth ratio 
of 16. 


Editorially revised in June, 1946. 
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Fi.EOTrE'Ai^ Test ,oe .Plastics, (D 790 - 45 T) 


Wiimber of Test Specimens 

4; (a) At least five specimens shall be 
tested for each sample in the case of iso* 
tropic materials. , 

(jb) Ten specimens, five normal to, and 
five; parallel with the principal .axis of 
anisotropy, shall be tested for each sam- 
ple in case of anisotropic materials. 

(c) For sheet materials the specimens 
shall be tested as follows : 

(1) Five specimens cut lengthwise of 

the sheet, tested flatwise, 

(2) Five specimens cut lengthwise of 

the sheet, tested edgewise, 

(J) Five specimens cut crosswise of 
the sheet, tested flatwise, and 

(4) Five specimens cut crosswise of 
the sheet, tested edgewise. 

(d) Specimens that break at some obvi- 
ous fortuitous flaw shall be discarded and 
retests made, unless such flaws constitute 
a variable the effect of Which it is desired 
to study. 

Conditioning Test Specimens 

5. All test specimens prior to testing 
shall be conditioned in accordance with 
the Tentative Methods of Conditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing (A.S.T.M. Designa- 
tion: D 618).® 

Procedure 

6, (a) The test shall be made in an 

atmosphere maintained at 25 zfc 1 C. 
(77 db 2 F.) and SO db 2 per cent relative 
humidity. The width and thickness of 
the specimen shall be measured to the 
nearest 0.001 in. at the center of the span. 
The span length shall be measured to the 
nearest 0.01 in. The specimen shall be 
tested as a simple beam loaded at mid- 
span. ^ ^ ^ ^ ^ 

{b) Speed of Teslmg,~The rate of 
crosshead motion for testing flexural 


specimens shall be* calculated in accord- 
ance with the following formula: / ; 


where: 

N = rate of crosshead motion' in , inches 
per minute, 

L == span in inches, 
d = depth of beam in inches, 

Z = unit rate of fiber strain in inches 
per inch of outer fiber length per 
minute, which constant shall be 
0.01. This constant is the ap- 
proximate calculated rate of fiber 
strain for a rate of crosshead mo- 
tion of 0.05 in. per min., a span 
length of 4 in. and a depth of 0,5 
in. such as have been used with 
the 5 by 0,5 by 0.5 in. test 
specimen. 

The rate of crosshead motion shall be as 
near as possible but shall not exceed the 
value calculated from this formula. 
This permits the use of a constant rate of 
stressing provided the resultant rate of 
crosshead motion does not exceed the 
value calculated from the above formula. 

(c) Load-deflection curves may be 
plotted to determine the modulus of elas- 
ticity, offset yield strength, and the total 
work measured by the area under the 
load-deflection curve. The deflection 
shall be measured with a dial gage or 
other suitable apparatus located under 
the specimen in contact with it at the 
center of the span, or by measuring the 
deflection of the neutral axis of the speci- 
men. Data obtained by measuring the 
head travel are not acceptable. 

{d) When load-deflection data are be- 
ing taken, the rate of crosshead move- 
ment shall be low:: enough „ so that 
deflection gage readings can be made ac- 
curately. 
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FtEXTJEAL Test OF Pi^iSTics (D 790 - 45 T) 


Retests 

7. Results that deviate from the mean 
value of all tests should be rejected if the 
deviation of the doubtful value is more 
than five times the average deviation 
from the mean obtained by excluding the 
doubtful value. Such doubtful values 
shall be discarded and retests made, un- 
less the degree of variability is a factor 
that is being studied. 

Calculations 

8. (a) Maximum Fiber Stress —Tht 
maximum fiber stress of the material 
tested as a simple beam of rectangular 
cross-section loaded at mid-span shall be 
calculated as follows: 

2bd^ 


(c) Flexural Offset Yield. Strength . — 
The flexural offset yield strength is the 
stress at which the stress-strain diagram 
for the material departs from the initial 
direction of the curve by a specified 
increment of strain. For materials 
whose stress-strain diagram in the region 
of the yield is a smooth curve of gradual 
curvature, the offset method described 
in the Standard Definitions of Terms 
Relating to Methods of Testing (A.S. 
T.M. Designation: E 6)® may be con- 
veniently used. 

{d) M odulus of Elasticity —Th.e^ modu- 
lus of elasticity of material tested as a 
simple beam of rectangular cross-section 
loaded at mid-span shall be calculated as 
follows: 


where: 

S = maximum fiber stress in pounds per 
square inch, 

P = breaking load in pounds, 

Z == distance between supports in 
inches, 

h == width of beam tested in inches, and 
d = depth of beam tested in inches. 

{h) Modulus of Rupture {Flexural 
Strength). — The modulus of rupture or 
flexural strength shall be calculated from 
the load sustained by the specimen at the 
moment of break, using the formula for 
maximum fiber stress given in Paragraph 
{a). This formula applies strictly only 
for materials for which the maximum 
fiber stress remains linearly proportional 
to strain up to the point of rupture. 
Since stress is not proportional to strain 
all the way to rupture, the modulus of 
rupture calculated as above will always 
be greater than the maximum fiber stress 
sustained by the specimen. 

Note.— -Some ductile materials will not break 
within the practical limit of deflection during the 
flexural test. With such materials, the maxi- 
mum load sustained during a test shall be used 
in calculating the modulus of rupture. 


Eb 


Iff 

4M3 



where: 


Eb = modulus of elasticity in bending 
in pounds per square inch, 

L = distance between points of support 
in inches, 

b = width of beam tested in inches, 
d = depth of beam tested in inches, 
and 

P 

- = slope of initial straight line portion 

of load-deformation curve in 
pounds per inch of deflection. 

(e) For each series of tests, the arith- 
metic mean of all values obtained shall 
be calculated to three significant figures 
and reported as the ‘^average value” for 
the particular property in question. 

(f) The deviation of each value from 
the “average value’^ shall be calculated 
and the arithmetic mean of these devia- 
tions determined. This arithmetic mean 
shall be reported to two significant 
figures as the “average deviation” of the 
particular series of results. • 
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Report ; (7) Radius of supports and nose, 


9. The report ; shall include the fol- 
lowing:' 

(I) Complete identification of the ma- 
terial tested, including type, source, 
manufacturer’s code number, form, prin- 
cipal dimensions, and previous history, 

(Z) Direction of cutting and loading 
specimens, 

(3) Conditioning procedure, 

(4) Depth and width of specimen, 

(5) Span length, 

(d) Span-depth ratio, 


(8) Rate. of crosshead, motion in inches 
per minute calculated in accordance with 
Section 6 (5), 

(P) Maximum deflection, at center of 
span in inches or millimeters, 

(10) Modulus of rupture calculated in 
accordance with Section 8.(5), average 
value and average deviation, .and , ' 

(11) Modulus of elasticity in bending 
in pounds per square inch, calculated in 
accordance with Section 8 (d), average 
value and average deviation. 




Tentative Method of Test for 

MEASURING THE FLOW PROPERTIES OF THERMOPLASTIC 
MOLDING MATERIALS' 



: : A.S.T«M« Designation: B 569 - 44'T: 

Issued, 1944.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope ' ' 

, ,1. TWs,rnethod''of test covers 'proce-, 
duresJor determining the .following: 

Method 4 .— The temperature at which 
a thermoplastic material . attains a de- 
fined degree of flow when subjected to a 
prescribed pressure for a prescribed time 
in a specified extrusion mold, or 

Method 5.— The.'.degree of flow which a 
thermoplastic attains when subjected to 
,a prescribed' pressure and, temperature ' 
for a prescribed time in a specified extru- 
sion mold. ' ■ 

The equilibrium state of the material 
in this, test is not necessarily. representa- 
tive of the state at which the material is 
molded commercially. 

Apparatus 

2. The apparatus for the flow test (see 
Fig.' 1) shall be a constant-force, ver- 
tical-orifice type machine® consisting 
essentially of the following: 

1 Under the standardization procedure of the Society, 

■ this method is under , the jurisdiction of the A,S.T.M. 

Committee D-20 on Plastics. , . . 

2 Prior to its present publication as tentative, this 

method was published as tentative from 1940 to 1943, be- 
ing revised in 1941. It was adopted in lp43, published as 
standard from 1943 to 1944, being revised in 1944 and repub- 
lished as tentative. . 

« Rossi-Peakes flow tester as described m U. S. Patent 
2,066,016. 


(а) Orifice i — A vertical orifice in. in 
'diameter and 1| in. in' length, Fig. 1, 'i, 
into which the material flows. The ori- 
fice is machined into a split cone 1 in. in ^ 
diameter at the base which is clamped 
into a steam-heated block , J . A thermo- 
meter well fV in. in diameter and IJ in. in 
depth is drilled into the split cone. 
Temperature readings are taken at this 
point. 

(б) Thermometer —k l|-in. immer- 
sion mercury thermometer having a 
diameter just under in. and a tem- 
perature, scale of not more than 20 C. 
per inch of length. 

(c) Charge Chamber.— "Btlom the ori- 
fice’ and concentric with it is the charge 
chamber, ^, f in. in diameter and f in. 
in length. 

(d) Block .—A steam-heated block, 
Heat is supplied by steam: , at a 
pressure of 90 to ISO psL, passing 
through an accurate reducing valve; if 
the line pressure fluctuates too widely, 
two reducing valves in series may be 
used. The temperature is controlled 
by regulating the steam pressure. 

(a) i?!aw,”-A steam-heated ram, 4, so 
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arranged that it applies pressure to the material "in the orifice. A; flexible 

charge chamber from the bottom, fore- chain attached to the upper part of 

ing the material into the orifice. The the follower .rod . is . passed part, way 

Steam line is so arranged that the steam around and fastened to the small 

passes through the reducing valve, . the diameter of a two-step pulley hav- 

ram,. the block, .and finally through a ing a 3:1 ratio and mounted on 

suitable trap or small vent, ' the swing, arm, A second flexible 

(^ Pressure System , — A mechanical .chain passing part way around and 
system, '5, for applying a net pressure of fastened to the larger diameter is 

ISO'O' psi. to the ram. 'The pressure attached to a sliding indicator and a 



Fig. L — Flow Test Apparatus. 


system illustrated in Fig. 1 is built so counterweight. The indicator travels 

that any pressure up to 3,000 psi. may over a calibrated scale so that the 

be applied in increments of 100 psi. amount of flow in the orifice is shown 
(g) Flow Measuring Demce.— Means on the scale, magnified three times, 

for measuring the flow of material into The weight of the flow-indicating 

the orifice. M shall be ac- mechanism is such that a pressure of 

curate to plus or minus 0.01 in. The 40 psi. is exerted on the material in 

following measuring systems are suit- the orifice; this however, is counter- 

able: balanced by sufficient additional 

(i) A follower rod, guided by loose weight on the pressure system, 5. 
bearings in a swing arm, rests on the (2) Oj^/i^waZ—The flow measuring 
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, "'device "■ illustrated ■ iu^ • Fig . 1 may ’ be 
equipped with^a time clock, axecord- 
^ ing'peii, -and: suitable 'graph paper 
with^t^^^ scale as :one axis and time as 
, ' the ^ 'Other ■:so- ' that the flow" behavior 
over any given time period may be 
recorded.-'. - ■ . 

Test .Specimens 

3. The test specimens shall be molded, 
machined, or preformed cylinders | in. in 
diameter and | in. in height. They shall 
be free of air bubbles and they shall be as 
free as possible of strains. 

Conditioning 

4. (a) Preferred Method , — Test speci- 
mens shall be conditioned at room tem- 
perature in a desiccator over anhydrous 
calcium chloride for 72 hr. 

(5) Alternative Method , — Test speci- 
mens shall be conditioned in an oven at 
SO C. for 24 hr. 

Method A 

Procedure^ 

5. {a) A working pressure of 1500 psi. 
shall be used. 

(J) The unit of flow time shall be 
2 min. ± 1 sec. as measured with a stop 
watch or timer. 

(c) The test specimens at room tem- 
perature shall be inserted in the hot 
charge chamber and tested immediately. 

{d) If poisoning of the orifice occurs, it 
shall be cleaned with acetone, benzene, or 
other suitable solvent before each test. 

{e) Each material shall be tested at 
three or more temperatures at which 
the flow will be within the interval of 
0.50 to 1.50 in. with at least one meas- 
urement above and one below 1 in. 
Temperatures shall be controlled within 
plus or minus 0.50 C. All temperature 
measurements shall be made' at the split 
cone after it has come to equilibrium 
with the block (Note). 

« Editorially revised. May, 1945. 


'Note. — Tiie split cone and the ram should 
be at the same temperature and .both tempera- 
tures should be held as near constant to any 
chosen temperature as possible. In order to 
assure this, it is essential that the condensate 
be bled from the steam lines in such a manner 
that a minimum fluctuation of steam pressure 
is introduced. This may be accomplished by 
the use of an orifice rather than a trap in the 
efflux steam line. Approximate orifice sizes 
suggested are: 

Temperature Orifice Size, in. 

100 to 120 C 

120 to 140 C A 

140 to 160 C * 

160tol80 C... 

if) At the beginning of each series or 
at least once a day, the flow tester shall 
be checked against a sample of predeter- 
mined flow. At least two readings shall 
check within plus or minus 0.05 in. or 
plus or minus 5 per cent of the pre- 
determined value, whichever is greater. 

Plotting Results 

6. The linear flow shall be plotted 
against temperature on semilogarithmic 
paper. With the flow measurements 
plotted on the logarithmic coordinate 
and temperature on the linear coordi- 
nate, a straight line will usually result. 
The temperature at which the flow is 
exactly 1.0 in. shall be read from the 
graph and reported as the flow tem- 
perature. 

Report 

7. The report shall include the fol- 
lowing: 

(1) A statement indicating the na- 
ture of the material tested, 

(2) Curve of linear flow against 
temperature (Section 6), 

(3) Temperature at which flow is 
1 in., 

iff) Report of any unusual behavior 
of the test specimens such as dis- 
coloration, sticking, etc., and 

(5) Details of conditioning. 
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^ ' Method B' 

.Procedtirei ' 

8. (a) A working pressure of 500 psi., 
IQOO psi,, or 1500 psi. shall be used. 

Note.— I n the case of polystyrene molding 
compositions, whenever possible, a temperature 
of 135 C. should be used with a pressure of either 
1500 psi. or 500 psi., 1500 psi. being preferred. 

(&) The unit of flow time shall be 2 
min. ± 1 sec. as measured with a stop 
watch or timer, 

{c) The temperature shall be held con- 
stant at some multiple of 5 C., for exam- 
ple 130, 135, 140, 145, 150, 155, 160, 
165 C., etc. , at which the flow will be within 
the interval of 0.50 to 1.50 in. Tem- 
peratures shall be controlled within plus or 
minus 0.5 C. All temperature measure- 
ments shall be made at the split cone 
after it has come to equilibrium within 
the block (see Note, Section 5(^)). 

{d) The test specimen at room tem- 
perature shall be inserted in the hot 
charge chamber and tested immediately. 


. {e) All tests shall be run in duplicate. 
(/) If poisoning of the orifice occurs, it 
shall be cleaned with acetone, benzene, or 
other suitable solvent before each test 
■(g) At the beginning of each series. of 
determinations or at least once a day, 
the flow tester shall be. checked against 
a sample of predetermined flow. At 
least two readings shall check ' within 
plus or minus 0.05 in. or plus or minus 
S per cent of the predetermined value, 
whichever is greater. 

Report 

9. The report shall include the follow- 
ing information: 

(i) Statement indicating the nature 
of the material tested, 

{2) Temperature and pressure at 
which tests are run, 

(J) Degree of flow to the nearest 
one hundredth of an inch, 

{4) Report of any unusual behavior 
of the test specimen such as discolora- 
tion, sticking, etc. 

(5) Details of conditioning. 



Tentative Method of 

DESIGNATING THE FLOW TEMPERATURE OF THERMO- 
PLASTIC MOLDING MATERIALS! 



A.S.T.M, Designation: D 863 ” 45 T 
Issued, 1945.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of flow designation is 
based on method A of the Tentative 
Method of Test for Measuring the Flow 
Properties of Thermoplastic Molding 
Materials (A.S.T.M. Designation: D 
569)^ and is applicable to cellulosic mold- 
ing compounds ^ and to molding com- 
pounds for which method A of A.S.T.M. 
Method D 569 is applicable. 

Method 

2. The flow temperature shall be de- 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

2 Accepted by the Administrative Committee on Stand- 
ard s, January 17, 1946, 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


termined by method A of A.S.T.M. 
Method D569. 

Flow Designation 

3. M flow shall be defined as 293 ±: 
9F. (145 db 5C.) -and all other flows 
shall extend from this temperature in 
multiples of 9 F. (5 C.) as follows: 


Flow Designation Flow Temperature 

** Deg. Fahr. Deg. Cent. 

Hn for each 9 F. (S C.) higher, add 1 

flow (that is, Ha, H,, Hj, etc.) 

Hs 320 d= 9 160 ± 5 

H 311 ±9 15S±S 

MH 302 ±9 ISO ±5 

M 293 ± 9 145 ± S 

MS.. 284d= 9 140± S 

S 275 ±9 135 d= 5 

$2 266 ± 9 130 ± 5 

Sn for each 9 F. (5 C.) lower, add 1 

flow (that is, Sa, S,, Sj, etc.) 
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Tentative Method of Test for 

ROCKWELL HARDNESS OF PLASTICS AND ELECTRICAL 
INSULATING MATERIALS ‘ 



A.S.T.M. Designation: D 785 - 44T 

Issued, 1944.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (o) This method covers the pro- 
cedure for testing the indentation hard- 
ness of plastics and electrical insulating 
materials by means of the Rockwell 
hardness tester, 

(J) The results obtained by this 
method are a measure of the indentation 
produced by the penetrator described in 
the Standard Methods of Test for Rock- 
well Hardness and Rockwell Super- 
ficial Hardness of Metallic Materials 
(A.S,T.M. Designation: E 18) For 
certain types of materials having creep 
and recovery, the time factors involved 
in applications of major and minor loads 
have a considerable effect on the results 
of the measurements. 

Apparatus 

2. The Rockwell hardness tester shall 
be used, conforming to the requirements 
of A.S.T.M. Methods E IS,® The flat 
anvil shall be used. 

Test Specimens 

3. The test specimen shall have a mini- 
mum thickness of i in. unless it has been 

Hinder the standardization procedure of the Society, 
this method is under the joint jurisdiction of the A.S.T.M. 
Committee D-9 on Electrical Insulating Materials and 
Committee 0-20 on Plastics. 

2j|^ccepted by the Society at annual meeting, June, 
1944. 

8 1946 Book of A S.T.M. Standards, Parts I-A and I-B. 


verified that, for the thickness used, the 
hardness values are not affected by the 
supporting surface and that no imprint 
shows on the under surface of the speci- 
men after testing. The specimen may 
be a piece cut from a molding or sheet or 
it may be composed of a pile up of several 
pieces of the same thickness, provided 
that precaution is taken that the surfaces 
of the pieces are in contact and not held 
apart by burrs from saw cuts, or other 
protrusions. Care shall be taken that 
the test specimen has parallel flat surfaces 
to insure good seating on the anvil and 
thus avoid the deflection which may be 
caused by its lack. The specimen shall 
be at least 1 in. square if cut from sheet 
stock, or at least 1 sq. in, in area if 
from other shapes. The minimum width 
shall be I in. 

Conditioning 

4. Unless otherwise specified, speci- 
mens prior to testing shall be brought to 
a standard condition in accordance with 
the Tentative Methods of Conditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing (A.S.T.M. Designa- 
tion: D 618)/ 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M',: Designations at front of. .book. 
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'l¥ocediire 

■ 5. {a) The procedure described in Sec** 
tions 2 to 7 of A.S,T,M. Methods E 
18^ shall be followed. 

{b) All tests shall be made at a tem- 
perature of 25 d=: 2 C. (77 rh 3.6 F.), 
unless otherwise specified. 

{c) Unless otherwise specified in the 
individual methods or specifications for 
a particular material, either the M or R 
scale (Note 1) shall be used, the clioice 
of scale to be determined as follows: If 
readings with the M scale show a total 
indentation of less than 150 scale divi- 
sions upon application of the major load, 
the M scale shall be used for the Rock- 
well test. If readings show a total inden- 
tation of 150 or more scale divisions the 
tester shall be changed to the R scale 
combination. The total indentation 
shall be determined by the number of 
divisions the pointer passes through dur- 
ing 7.5 sec. from the time of tripping the 
handle. 

{d) The adjustment of speed of load 
application and the time of application 
of the major load are of great import- 
ance. The dash pot on the Rockwell 
tester shall be so adjusted that the oper- 
ating handle completes its travel in from 
4 to 5 sec. with no specimen on the ma- 
chine and with the machine set up to 
apply a major load of 100 kg. When so 
adjusted the period taken for the mecha- 
nism to come to a stop with the specimen 
in place will vary from 5 to 15 sec. de- 
pending upon the particular specimen, 
the penetrator and load used. 

{e) With the specimen in place, the 
minor load of 10 kg. shall be applied and 
the zero setting made within 10 sec.; the 
major load shall be applied immediately 
after the zero setting has been completed. 
In order to eliminate errors due to ^^creep- 
ing,^’ and to the possibility of the weight 
arm descending far enough to rest on the 
lifting link or pin (Note 2) instead of on 
the specimen, the major load shall be 
removed from the specimen within 7 to 
8 sec. after the hscndle has been tripped, 


time being determined' by a stopwatch. 
The Rockwell readings on the red scale 
shall be taken to the maximum nearest 
full scale division reached within 45 sec. 
after removing the major load. 

(jO Care shall be taken that the test 
is not made so near the edge of the speci- 
men that it will break out when the ma- 
jor load is applied. The specimen shall 
be supported in such a manner as to pre- 
vent errors due to overhang, when it 
does not balance itself on the anvil. 

(g) The readings shall be recorded as 
follows: Count the number of times the 
needle passes through zero on the red 
scale on the application of the major load. 
Subtract from this the number of times 
the needle passes through zero upon the 
removal of this load. If the difference 
is zero, the reading shall be recorded as 
over 100. If the difference is 1, the 
reading shall be recorded as between 0 
and 100, and, if the difference is 2, the 
reading shall be recorded as the scale 
reading —100 (Note 3). 

Note 1. — ^The M scale requires a M in. ball 
penetrator, a minor load of 10 kg., a major 
load of 100 kg., and the reading taken on the red 
scale. The R scale requires a in. bail pene- 
trator, a minor load of 10 kg., a major load of 
60 kg. and readings taken on the red scale. 

Note 2. — If the arm rests on the link or pin, 
the load or the penetrator or both should be 
changed. 

Note 3. — Eocampk: With a difference of 2 
and a scale reading of 97, indentation hardness 
values should be reported as — 3 == (97“100). 

Report 

6. The report shall include the follow- 
ing: 

(Jf) The Rockwell hardness number 
read on the red scale. The letter M or R 
shall precede the Rockwell hardness 
number depending on the combination 
which has been used in determining the 
hardness, 

(2) The conditioning procedure used, 

(3) The total thickness of the speci- 
men, and 

(4) The number of pieces in the speci- 
men and their average thickness. 



Tentative Method of Test for 

HAZE OF TRANSPARENT PLASTICS BY 
PHOTOELECTRIC CELL 1 



A.S.T.M. Designation: D 672 “45 T 
Issued, 1942; Revised, 1944, 1945.* 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope Apparatus 


1. This method of test is designed to 
measure photoelectrically the haze of 
colored or colorless transparent plastics, 
using specimens with substantially plane, 
parallel faces. It is not recommended 
for the measurement of low ranges of 
haze (less than 3 per cent), nor is it in- 
tended for use in evaluating translucent 
plastics, nor for measuring light trans- 
mission. 

Definition 

2. Haze . — Haze is that fraction of the 
total transmitted light from a normally 
incident beam which is not transmitted 
in a straight line, and is calculated as 
follows: 

Haze, per cent = — X 100 = ^ X 100 
where: 

T = total light transmitted, 

Tt = amount of light transmitted in a 
straight line, and 

I’d = amount of light transmitted in all 
directions except rectilinearly. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.'X.M. 
Committee D-20 on Plastics. 

* Latest revision accepted by Committee E-IO on 
Standards, June 27, 1945. 


3. {a) The apparatus shall consist of 
a haze meter, the optical geometry of 
which shall be as shown in Fig, 1. The 
light source shall be a concentrated fila- 
ment tungsten lamp which shall be oper- 
ated at its rated voltage. The photo- 
electric cell shall be of the barrier layer 
type having a sensitive surface l.S in. in 
diameter and a spectral response which 
approximates that of the average human 
eye.2 A collimated beam from this lamp 
shall be made to pass through a circular 
aperture 1 in. in diameter, which it shall 
completely fill, and to fall centrally on 
the sensitive surface of the photoelectric 
cell 18 in. from the aperture. The col- 
limation of the beam shall be such that 
in the region between the aperture and 
the photoelectric cell the convergence or 
divergence of the edge of the beam :Shall 
not exceed 20 min. of arc (Note). 

Note. — If this, condition is .satisfied, the 
diameter of the illuminated spot on the photo- 
electric cell will lie between 0.9 and 1.1 in. 

, (6) .The photoelectric cell • shall . be 
connected to a meter having such char- 
acteristics that.its readings are accurately 
proportional to the quantity of light 
falling on the surface of the specified 


*The Weston “Photronic” cells types I and III, if 
corrected by ^Wiscor” filters, are satisfactory. 

870 


Test for Ha^' of Transparent' Plastics (D 672 - T) 


871 


pbotoelectric ceU tliroughout the range of 
light intensity to be employed in these 
measurements. The equipment shall be 
located in a dark room or enclosure so 
arranged that no stray light reaches the 
photoelectric cell. The output of the 
lamp shall be maintained constant 
throughout the measurement of each 
specimen. 

Test Specimens ' 

4. The test specimens shall be suffi- 
ciently large to cover completely the sen- 
sitive area of the photoelectric cell The 
surfaces of the specimens shall be sub- 
stantially flat and parallel. The thickness 
of the specimen shall be as received or for 
comparative purposes shall be 0.125 =t 

ri^ 


the undeviated portion of the light and also that 
part of the scattered Hght which is not deviated 
at angles greater than about 90 deg. 

(b) The specimen shall then , be placed 
in position B (Fig. 1) in front of the 
aperture and the meter reading re- 
corded (Note). 

Note. — T he photoelectric cell still receives 
the undeviated portion of the light beam but it 
now collects only that small fraction of the scat- 
tered light which is confined to the small solid 
angles subtended by the sensitive surface of the 
photoelectric cell at points in aperture B. 

(c) The difference between the photo- 
electric current when the specimen is at 
position A and when at position B shall 
be considered to be a measure of the 
light scattered by the specimen. 


'^^"-Dhmefer J 

Coili mated Beam from Tungsten Source Photoelectric CelP' 
Divergence or Convergence not to having a l.5'‘diam. 

exceed 20 min.. Circular Sensitive 

Surface 

Fig. 1. — Geometry of Haze Meter. 


0.005 in. Dust or grease shall be care- 
fully removed without marring the 
surfaces. 

Procedure , 

5. (a) The test specimen shall be 
placed in position A (Fig. 1) directly in 
front of, parallel to, and in contact with 
the rim of, the photoelectric cell The 
magnitude of the meter reading shall be 
adjusted by varying the current through 
the lamp within the rated voltage range 
or by use of a suitable shunt across the 
meter so that when the specimen is at 
position A: the reading can be made to 
an accuracy of 0.1 per cent of the total 
, (Note). 

Note. — Of the light incident on the specimen, 
a fraction is transmitted undeviated and a frac- 
tion is scattered by the surfaces and the interior 
of the specimen. The photoelectric cell receives 


(d) At least three measurements of 
haze shall be made and averaged for each 
specimen. 

Calculation 

6. The haze expressed as a percentage 
shall be calculated as follows: 

Haze, per cent — - — — X 100 

Ta 

where: 

Ta == reading of meter with specimen at 
position A, and 

Tb = reading of meter with specimen 
at position B, 

Report 

7. The report shall include the fol- 
lowing: 

(i) Thickness of the test specimens, and 
{2) Average haze expressed as a per- 
centage. 



Tentative Method of Test for 
HEAT DISTORTION TEMPERATURE OF PLASTICS ^ 



A.S.T.M. Designation: D 648 - 45 T 

Issued, 1941; Revised, 1944, 1945.^ 

This Tentative Metl^od has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope Apparatus 

1. (ff)Thismetliodoftestcoversaproce- 2. The apparatus shall be constructed 
dure for determining the temperature at essentially as shown in P’ig. 1 and shall 
which an arbitrary deformation occurs consist of the following: 
when specimens are subjected to an arbi- (a) Specimen Supports. —’M.iiUX sup- 
trary set of testing conditions. Data ports for the specimen which shall be 4 in. 
obtained by this method may be used to apart, with the load applied on top of the 
predict the behavior of plastic materials specimen vertically and midway between 
at elevated temperatures only in applica- the supports. The contact edges of the 
tions in which the factors of time, tern- supports and of the piece by which pres- 
perature, method of loading, and fiber sure is applied shall be rounded to a 
stress are similar to those specified in this radius of | in. The vertical members 
test. The test is particularly suited to which attach the specimen sQpports to 
control and development work. the upper plate shall be made of a mate- 

(6) This method applies to molded and rial having the same coeflicient of linear 
sheet materials available in thicknesses thermal expansion as is used for the 
of I in. or greater and which are rigid at rod through which the load is applied 
normal temperatures. (Note 1). 


Note. — Sheet stock less than 0.125 in. but 
more than 0.040 in, in thickness^® may be tested 
by use of a composite sample having a minimum 
thickness of 0.125 in. The laminae must be of 
uniform width in order to obtain a uniform 
stress distribution. One type of composite 
specimen has been prepared by cementing the 
ends of the laminae together and then smoothing 
the edges with sandpaper. The direction of 
loading shall be perpendicular to the edges of 
the individual laminae. 

1 Under the standardization p^rocedure of the Society, 
this method is under the joint jurisdiction of the A.ST.M, 
Committee 33-9 on Electrical Insulating Materials and 
Committee D-20 on Plastics. 

2 Latest revision accepted hy Committee E40 on 
Standards, May 10, 1945. 

Investigations are under way to determine the mini- 
mum thickness of sheet stock that may be used in making 
a built-up specimen. 


Note 1.*— Unless these parts have the same 
coefficient of linear expansion, the differential 
change in length of these parts introduces an 
error in the reading of the apparent deformation 
of the specimen. A test should be made on each 
apparatus using a test bar made of material 
having a low coefficient of expansion.^ The 
temperature ranges to be used should be covered 
and a correction factor determined for each 
temperature. If this factor is 0.0005 in, or 
greater, its algebraic sign, should be noted and 
the factor should be applied to each test by add- 
ing .it algebraically to the reading, of,, apparent 
deflection of the, test specimen. ■■ 


Invar or'.Pyrex ,.gl.ass have been' found' suitable: for 
this purpose,. '■ 
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(b) suitable liquid 

heat-transfer medium (Note 2) in which 
the specimen shall be immersed. It 
shall be well stirred during the test , and 
shall be provided with a means of raising 
the temperature at 2 ± 0.2 C. per min. 
(Noted). 

Note 2. —A liquid beat- transfer medium 
shall be chosen which will not affect the rigidity 
of the specimen. Mineral oil has been found 
suitable for most plastic materials. 



Fig. 1.— Apparatus for 

Note 3. — ^The specified heating rate can be 
conveniently maintained by the use of an electric 
hot plate or immersion heater, if the current 
through these units is regulated by a variable 
transformer or rheostat. 

(c) Weights , — set of weights of suit- 
able sizes so that the specimen can be 
loaded to a fiber stress of 264 psi. ± 2| 
per cent for the first part of the test 
described in Section 6 {a) and 66 psi. zfc 
2 | per cent for the procedure described 
in Section 6 (b) : The weight of the rod 
which applies the testing force shall be 
determined and included as part of the 
total load. If a dial gage is used, the 
force exerted by its spring shall be deter- 
mined and shall be included^ as part of 


the load (Notes 4 and 5). ■ The load shall 
be calculated from the following for- 
mula: 

2Sbd^ 

3i 

where: 

F — load in pounds, 

S = maximum fiber stress in the speci- 
men (264 psi. when tested accord- 
ing to Section 6 (a), 66 psi. when 



Heat-Distortion Test. 

tested according to Section 6 

m 

b = width of specimen in inches, 
d depth of specimen in inches, and 
I *== width of span between supports in 
inches. 

Note 4.— In some designs of tMs apparatus 
the force of the dial gage spring is directed up- 
ward and must be subtracted from the load, 
while in other designs this force acts downward 
and must be added to the load. 

Note 5.— Since the force exerted by the 
spring in certain dial gages varies considerable 
over the stroke, this force should be measured in 
that part of the stroke which is to be used. 

(d) Thermometers. '--The thermometer 
shall be one of the following, or its equiv- 
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alent,' as .specified in the Standard Speci- 
fications for A.S.T.M, - Thermometers. 

■ (A.S.T.M. Designation: E 1) thermome-. 
ter lC- 39, lF-39, 2C-39, or 2F- 
39y whichever temperature range is most 
suitable for material being tested. 

Preparation: of Apparatus 

3. The apparatus shall be arranged so 
that the deflection of the mid-point of the 
specimen can be measured on a scale 
calibrated in five ten- thousandths of an 
inch. The apparatus may be arranged 
to shut off the heat automatically and 
sound an alarm when the specified de- 
flection has been reached. Sufficient 
heat-transfer liquid shall be used to 
cover the thermometers to the point 
specified in their calibration, or 3 in. 
in the case of the A.S.T.M. thermometers 
referred to in Section 2(d) 

Test Specimens 

4. At least two test specimens shall be 
used to test each sample at each fiber 
stress. The specimens shall be 5 by | by 
any thickness from | to J in. (Note). 

Note. — The types of mold and the molding 
process used to produce test specimens affect the 
results obtained in this test. Cooperating lab- 
oratories should therefore standardize mold and 
molding procedure to obtain concordant results. 

Conditioning Test Specimens 

5. The specimens shall be conditioned 
in accordance with the procedures speci- 
fied for each material in accordance with 
the Tentative Methods of Conditioning 
Plastics and Electrical Insulating Mate- 
rials for Testing (A.S.T.M. Designation: 
D 618) 

Procedure 

6. (a) The test specimen shall be placed 
in the apparatus with its |-in. dimension 
vertical. In the case of J by |-in. bars 
compression molded or cut from molded 
sheets, the bars shall be so placed that 
the direction of the testing force will be 
perpendicular to the direction of the 
molding pressure. The thermometers 

* Appears in this publication, see Contents in Numeric 

Sequence of A.S.T.M. Designations at front of book* 


shall extend to within | in. . of the .speci- 
m,en but shall not touch it.- The tem-^^ 
perature of the bath shall be'25 .± IC. at 
the start of each . test, unless previous 
tests have, shown that for the. .particular 
material under test no error is' introduced 
by starting at a higher tempera'ture.. 
The load shall be adjusted, so that the 
fiber stress is 264 psi. ± .2| per cent as 
calculated by the formula given in Sec- 
tion 2 (c). The load shall be allowed to 
act for 5 min. (Note); the zero reading or 
setting of the measuring device shall then 
be made and the heating started. This 
waiting period may be omitted when test- 
ing materials which show no appreciable 
creep during the initial 5 min. The 
temperature at which the bar has de- 
flected 0.010 in. shall be reported as the 
heat distortion temperature at 264 psi. 
fiber stress. 

Note.— The 5-min. waiting period is pro- 
vided to compensate partially for the creep ex- 
hibited by several materials at room temperature 
when subjected to the prescribed fiber stress. 
That part of the creep which occurs in the initial 
S min. is usually a large fraction of that which 
occurs in the first 30 min. 

(J) The second part of the test shall be 
conducted exactly as prescribed in Para- 
graph (a), except that the load shall be 
adjusted to produce a fiber stress of 66 
psi. rh 2| per cent as calculated by the 
formula given in Section 2 (c). The 
tempera ture**' at which, a deflection of 
0.010 in. is reached shall be reported as 
the heat distortion , temperature at 66 
psi. fiber stress. 

Report 

7. The report shall include the fol- 
lowing: 

(1) The width and depth of the speci- 
men measured to 0.001 in., 

(2) The heat distortion 'temperature 
for each fiber stress, 

(J) The immersion medium and the 
average heating rate, and 

(4) Any peculiar characteristics of the 
specimen noted during the test or after 
removal from the apparatus* 



Tentative Method of Test for 

LUMINOUS REFLECTANCE AND TRANSMISSION CHAR- 
ACTERISTICS AND COLOR OF PLASTIC 
MATERIALS^ 



A.S.T.M. Designation: D 791 - 44 T 

Issued, 1944.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This method is intended as a 
basic, or referee test for determining 
luminous reflectance and transmission 
and color properties of substantially non- 
fluorescent plastics.® Less accurate 
means which are simpler, or more rapid, 
or make use of less expensive apparatus 
will be considered satisfactory to the de- 
gree that equivalent values are obtain- 
able by the two methods. 

{h) This method serves as a detailed 
supplement to the Standard Method of 
Test for Spectral Characteristics and 
Color of Objects and Materials (A.S. 
T.M. Designation: D 307)^ which shall 
be considered as a part of this method to 
the extent that its instructions are ap- 
plicable. , 

^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T,M. 
Committee D-20 on Plastics. 

2 Accepted by the Society at annual meeting, June, 

1944 

8 Plastics, as specified in this method, shall in- 
clude those materials implied in the scope of A.S.T,M. 
Committee r)“20 on Plastics. . 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Apparatus 

2. The apparatus shall conform to the 
requirements prescribed in Section 3 of 
A.S.T.M. Method D 307 with the excep- 
tion of the following restrictions which 
shall be imposed upon the geometry of 
illuminating and viewing: 

{a) The specimen shall be illuminated 
by a substantially unidirectional beam 
whose axis is normal to the specimen 
surface.® 

{b) The maximum angle which any 
element of the beam makes with the 
direction of the axis, shall not exceed 
3 deg. 

{c) The beam shall be so regulated 
that its wave length spread in any por- 
tion of the visible spectrum shall not 
exceed 100 A (Note 1). 

Note 1. — Where spectral reflectance or trans- 
mission changes rapidly, it may be desirable to 
reduce the wave length spread until further re- 


6 For purposes of measuring total luminous reflectance, 
it may be necessary to tilt the specimen slightly. See 
Note 2 in Section 2. 
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duction ceases to affect tiie' results. If this is 
done the sensitivity of the measuring instru-' 
meat will.be likewise reduced. 

(d) The total light flux from the speci- 
men (or, for reflection, the comparison 
standard), either in reflection or trans- 
mission, shall be collected and measured, 
such as in an integrating sphere. This 
collector shall preferably have an interior 
surface which is matte and highly re- 
flecting throughout the visible range of 
wave length and shall have necessary 
holes not exceeding 3 per cent of the total 
surface (Note 2). 

Note 2. — ^These requirements are met by a 
recording spectrophotometer of the Hardy type, 
except that, in some models, measurement of 
total luminous reflectance requires that glossy 
surfaces be tilted slightly to insure that the 
specularly reflected component of the beam is 
not lost in part or full through the entrance hole 
of the incoming beam. This may be accom- 
plished by means of angle plates constructed as 
shown in Fig. 1, coated with a highly reflecting 
matte paint. To balance out possible errors, 
it is necessary to employ two, one for the speci- 
men and one for the standard surface, 

(e) The photometering device, whether 
visual or photoelectric, shall meas- 
ure the integrated radiant flux by view- 
ing, from a constant position, the bright- 
ness of a highly diffusing translucent 
window, such as opal glass, placed in a 
hole in the surface of the collector so as 
to become a smooth portion of that sur- 
face. 

(/) The spectrophotometer shall be 
sufficiently accurate to warrant a preci- 
sion of measurement of light flux which 
will give the reflectance or transmittance 
at any visible wave length within 1 per 
cent of the reading or within 0.001, 
whichever is larger. 

(g) For measuring birefringent sam- 
ples special auxiliary apparatus may be 
required in some cases (see Section 4 (c)). 

Test Specimens 

3. (a) For absolute intercomparison, 
the surface of the specimens which are to 


be measured shall be flat and, if the 
materiabis translucent, the rear surface 
shall also be flat and the two shall be 
substantially parallel. If, the ' surface 
of the specimen which is to be measured 
is not flat, any results obtained shall be 
valid only for relative .comparison .with 
other specimens of the .same shape and 
similarly positioned for measurement. 

(6) For purposes of comparison of 
translucent materials and in the absence 
of good reason for using any other thick- 
ness, one or more of the following shall 
be chosen: 

Thickness,® jn. 


A. 

B. 

C. 
D 

E. 

F. 

G. 
H 


. 0,001 
. 0.002 
. 0.005 
. 0.010 
.0.020 
. O.OSO 
. 0.10 
. 0.20 
. 0.50 
...infinite 


® All thicknesses are subject to a tolerance of plus or 
minus U) per cent. Thickness K is defined in Section 2(i) 
of A.S.T.M. Method D 307. 

Note. — For thick specimens which scatter 
light sensibly, that portion which would pass 
out through the edges must be considered. 
This may be done most readily by covering the 
edge with a substantially opaque layer of 
highly reflecting substance, such as white paint. 
When this procedure is found necessary, the 
dimensions of the specimen should be that of a 
right cylinder only sufficiently large to cover the 
measuring hole completely. 

Procedure 

4. (d) Obtain spectral reflectance 
curves by comparing, at suitable wave 
length intervals, the total light reflected 
from the specimen, with that reflected 
from the standard surface. 

Note 1.— Translucent materials should be 
backed with a dull black or other surface of equal 
absorbing power. For most accurate work a 
lighttrap is to be, .preferred. ' 

■■■ (5) Obtain spectral transmission .curves 
by comparing, at suitable wave length 
intervals, the total light incident upon 
the specimen, with that transmitted 
through it. 
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Note 2.— In the Hardy type spectropho^ 

tometer,' comparison is made automatically and 
alternately by means of two beams, one of wMch 
serves for the standard and the other for the 
specimen. When measuring spectral transmis- 
sion, the standard beam passes uninterrupted 
into the integrating sphere, while the sample 
beam passes j5rst through the specimen. For 
most precise results the integrating sphere must 
be freshly smoked with magnesium oxide (see 
Note, Section 4 of A.S.T.M, Method D307) 
at six-month intervals or more frequently, 
depending upon the general condition of the 
atmosphere. The two standard surfaces must 
be optically identical when used in measuring 
spectral transmission and, moreover, when 


should preferably be measured in a non- 
polarizing dnstmnient whose accuracy 
and precision has been ■ showiij on' iso- 
tropic plastics, to be equivalent to that 
obtained on an instrument meeting the 
requirements prescribed in Section 2. 

As an alternative method use may be 
made of a specimen holder which rotates 
the specimen at double the speed of the 
second Rochon prism, either by direct 
gearing or by means of a second syn- 
chronous motor. A serious considera- 
tion pf this method is the control of the 



/Ina/e Plates For Spectrophofometer 
Make 2 -Mefd Or Plastic 


Method Of AtfarJyng Angie Plates 
To Photometer Sphere. Secfioned View. 


Fig. 1. — Angle Plates for Luminous Reflectance Test. 


measuring specimens which scatter light, must 
be optically identical with the interior surface 
of the sphere. 

{c) In some spectrophotometers the 
means for producing the standard and 
the sample beams so that their relative 
intensities may be readily and continu- 
ously varied to conform to the spectral 
characteristics of the specimen, requires 
that the beams be polarized. The most 
widely used of these instruments thus 
makes use of two plane polarized beams 
in which the axis of polarization is, how^ 
ever, rotating around the directional axis 
of the beam. This complicates the meas- 
urement, on this instrument, of plastics 
which exhibit birefringence and these 


phase angle between the beam and the 
optical axis of the sample. Regulation 
of this angle will provide a family of 
spectral curves for the specimen, from 
the condition of maximum to that of 
minimum transmission, but will not 
provide a direct measure of the optical 
effect of the specimen in transmitting 
nonpolarized light. 

A few spectrophotometric devices have 
been built in which the measuring beams 
are plane polarized, but do not rotate.® 
This removes the necessity for rotating 
the specimen. 

« E. Steams, “Application of Spectrophotometry in the 
Near Infrared,” Journal, Optical Soc. of Am., Vol. 33, No. 
27, 1943. 

O. W. Pineo, U. S. Patent Nos. 2,107,836 and 2,126,410, 
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Calculations^ 

5. (a) The procedure described in 
A.S.T.M. Method D 307 shall be fob 
lowed to obtain any or all of the values 
for luminous apparent reflectivity R,, 
luminous apparent transmission r«, and 
the trichromatic coefficients x and y, in 
terms of magnesium oxide as the stand- 
ard of reflectance with the exception of 
the following two variations which shall 
be followed as necessary : 

(1) If it is desired to determine the 
total luminous reflectance (including any 
specularly reflected component) of a 
specimen having a substantially glossy 
suiface, J?a shall be calculated from the 
spectral reflectance curve obtained as 
indicated in Section 4. 

(2) If it is desired to determine the 
luminous apparent reflectance of a glossy 
specimen, the value of spectral surface 
reflectance shall be calculated for normal 
incidence, based on the refractive index 
(Note 1) of the specimen, and subtracted 
at all wave lengths from the total lu- 
minous reflectance (Note 2). 

Note i.— The index of refraction shall be 
measured in accordance with the Standard 
Methods of Test for Index of Refraction of 
Transparent Organic Plastics (A.S.T.M. Desig- 
nation: D 542),^ and the reflection at the front 
interface then determined in air according to 
Fresnel’s law as follows: 



where: 

Ri == reflection on the front interface. 
n ~ index of refraction of the specimen. 

Note 2. — The surface reflection will be sub- 
stantially constant over the visible range of 
wave length. For n = 1,45, Ri = 0.034; for n 
= 1.70, Ri = 0.067 and linear interpolation will 
not introduce a significant error. In practice, 


therefore, the total spectral reflectance , curve 
.may be obtained and , calculated; luminous 
apparent reflectance will then be equal to R^ — 

Ri. 

(b) Eliminate the specular surface , re- 
flection of a glossy specimen in order tO ' 
measure its color characteristics, in 
accordance with the second variation ..of 
Paragraph , (a) . A new, uniformly de- 
pressed, curve will thus be obtained 
which is to be employed in calculating 
color by reflected light. 

Illuminant 

6. Illuminants A, B, or C, as described 
in A.S.T.M. Method D 307, shall be 
mathematically included in the calcula- 
tions of i?«, 2\, X and y, except that, in 
the absence of reason for other choice, 
illuminant C shall be preferably em- 
ployed. 

Report 

7. (a) The report of either or both the 
reflection and transmission characteris- 
tics of a specimen shall consist of the 
following: 

(1) The total luminous reflectance or 
the luminous apparent reflectance as 
applicable, with the corresponding thick- 
ness, 

(2) The luminous transmission, as ap- 
plicable, with the corresponding thick- 
ness, and 

(3) The designation of the standard 
illuminant employed. 

(6) The report of the color characteris- 
tics of a specimen shall consist of the 
following: 

(1) The trichromatic coefficients X and 
y, and the luminous transmission or lu- 
minous apparent reflectance F, 

(2) The thickness of the specimen, and 

■'(J) The .'designation. ..of. .the standard 

illuminant emplcyed. 



Tentative Method of Test for 

MEASURING RELATIVE MOBILITY OF THERMOSETTING 

MOLDING POWDER' 



A.S.T.M. Designation: D 731- 44 T 
Issued, 1943; Revised, 1944.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addreSvSed to the Society at 1916 Kace St., Philadelphia 3, Pa. 


Scope 

1. This method of test is designed to 
measure the mobility of thermosetting 
plastics under certain specified conditions 
of mold design and applied temperature 
and pressure. This method can be used 
to determine batcli-to-batch uniformity 
of a given plastic, but cannot be used 
with certainty to determine •whether dif- 
ferent types of thermosetting materials 
are of the same mobility. 

Apparatus * 

2. The apparatus shall consist of the 
following: 

{a) Mold . — A cup mold of the flash 
type, as shown in Fig. 1, operated under 
applied constant pressure and tempera- 
ture. 

(6) Thermometer . — A li-in. partial- 
immersion mercury thermometer having 
a diameter just under in. and a tem- 
perature scale of not more than 20 C. per 
in. of length. A pyrometer may also be 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

2 Revision accepted by the Society at annual meeting, 
June, 1944, 


used and the temperature of the mold 
surfaces determined. 

{c) Heating System . — Any conven- 
tional means for heating the press platens 
provided the heat source is constant 
enough to maintain the molding temper- 
ature within plus or minus 1 C. of the 
specified temperature (Section S (h)). 

(d) Pressure System . — ^A hydraulic 
pressure system regulated by a needle 
valve placed between the hydraulic sup- 
ply and the pressure gage so that the ram 
shall travel at a speed of 5 in. in 4 to 5 
sec. when the operating valve is com- 
pletely open. The ram diameter of the 
press shall not exceed 4 in. The pressure 
gage shall have a dial range of not more 
than 5000 psi. and shall be accurate to 
within 1 per cent of the dial range. If a 
hydraulic pressure regulator is used to 
obtain the required line pressures, it shall 
be placed between the needle and the 
pressure gage. 

(e) Stop Watch. 

Conditioning 

3. (a) Material shall be tested in the 
as-received condition (Note 1), except 
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in referee tests when it shall be condi- 
tioned in accordance with Paragraph (&). 

Note i,— Before samples in the as-received 
condition are tested, check tests should be 
conducted on samples conditioned in accordance 
with Paragraph (&) to determine whether the 
test systems are in agreement. ^ 

(S) For referee testing (Note 2), the 
material shall be spread to a depth of 
not more than i in. in a desiccator and 
conditioned for 72 hr. over anhydrous cal- 
cium chloride at room temperature. As 
an alternative procedure, the material 
shall be spread to a depth of not more 
than J in. and conditioned 16 to 18 hr. 
by drying at 50 ± 3 C. (122 ± S.4 F.), 


■ 2 . 200 - 



followed by cooling to room temperature 
in a desiccator. 

Note 2. — The use of conditioned samples for 
referee testing is recommended to eliminate the 
moisture variable. The applicable method of 
conditioning materials for referee testing shall 
be agreed upon by the manufacturer and the 
purchaser. 

Test Sample . 

4. To determine the weight of the test 
sample a cup having a flash or fin thick- 
ness of not more than 0.006 in. shall be 
molded (Fig. 1). The adhering fin shall 
be removed and the cup weighed to the 
nearest 0. 1 g. This weight multiplied by 
1.1 shall be the weigiit of the test sample. 
The test sample may be in the form of 
loose powder or preformed sections. 


Procedure ; 

■ 5. (a) If the mold is not fixed in, the ' 
press and a hand mold, is used, the time 
required to remove the mold., from the 
press,' place the test sample in the mold 
cavity, replace the charged mold in the 
press, and apply the hydraulic pressure, 
shall be 5 to 10 sec, (Note 1). 

Note 1. — rate of flow is sensitive to the. 
condition of the mold surfaces. Preceding 
materials may have deposited a film of lubricant 
over the mold surfaces or otherwise influenced 
the mold surfaces to the extent that erroneous 
results will be obtained unless the mold is 
properly conditioned prior to testing. The 
suggested procedure is to discard the first few 
cups molded and accept the flow time as correct 
when two successive cups molded under test do 
not differ by more than 1 sec. in time of flow. 

(b) The preferred temperature of the 
mold shall be 160 ± 1 C. (320 db 2 F.) at 
the time the test sample is placed in the 
mold. Other temperatures may be used 
as agreed upon by the manufacturer and 
the purchaser. 

(c) A load of 5000 lb. shall be used on 
the mold to make the initial test. If the 
cup is not completely filled, the test shall 
be repeated, increasing the load used by 
increments of 5000 lb. until a completely 
filled cup is obtained, and the closing 
time is not less than 10 sec. (Note 2), 
The corresponding gage points shall be 
determined by dividing the desired load 
by the area of the ram in square inches. 
The gage pressure shall be maintained 
constant within plus or minus 50 lb. 

Note 2. — ^Tbe preferred pressure to be used 
is that pressure which will result in a closing time 
of not less than 10 nor more than 40 sec. Some 
molding powders are formulated to give long, 
slow closing times with minimum molding pres- 
sures, and in such cases it is desirable to use 
pressures in excess of that, required to. com- 
pletely fill the cup, so as to obtain closing .times 
of less than 40 sec. 

(d) The time of flow shall be measured 
from the instant that the hydrauMc gage 
shows an applied pressure to the instant 
that the test sample ceases to flow more 
than 0.001 in. per sec. (Note 3). 
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Note 3,— -A convenient method for determin-- 
ing the 'final rate of flow is to indicate the final 
movement of the platens with a dial micrometer. 

Report^ , 

6. The report shall include the fol- 
lowing: 

(i) A statement indicating the nature 
of the material tested and the manufac- 
turer’s material number and batch 
numberj 

{2) Time of flow in seconds to the 
nearest second, 


(3) Total force’ in pounds, used on the 

mold, 

{4) Temperature of the mold, 

(5) Weight of the test sample in grams, . 
designated as loose powder or preform: 

weight, 

{6) Thickness of the bottom of the 
cup measured to the nearest 0.001 in. at 
its center, 

(7) Report of any unusual character- 
istics of the test sample such as dis- 
coloration, sticking, etc., and 

(8) Details of conditioning when the 
test sample is in other than the as- 
received condition. 


* Editorially revised. May, 1945. 



Tentative Methods of Test for 


RESISTANCE OF PLASTICS TO ACCELERATED SERVICE 

CONDITIONS^ 



A.S.T.M. Designation: D 756 - 46 T 

Issued, 1944; Revised, 1944, 1946.2 

These Tentative Methods have been approved l)y the sjionsoring com- 
mittee and accepted the Society in accordance with establislu'd proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadt'l|>hia d, Pa. 


Scope 

1. {a) These methods of test cover 
procedures for determining the weight 
and shape changes occurring in plastics 
under various conditions of use, not 
where exposure to direct sunlight, weath- 
ering, corrosive atmospheres or heat 
alone is involved, but where changes in 
atmospheric temperature and humidity 
are encountered. This embraces the 
interior of buildings, and the interior of 
transport facilities such as motor vehi- 
cles, airplane cargo spaces or wing 
interiors, holds of ships, and railroad 
cars. Procedures are provided for ex- 
posing plastics to combinations of ex- 
treme humidity and temperature that 
will accelerate the changes taking place 
in the materials kept in sheltered spaces 
but subject to humidity and tempera- 
ture variation. (See Explanatory Note). 

(5) Seven test procedures are pro- 
vided which prescribe conditions for 

^ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee D-20 on Plastics. 

a Latest revision accepted by the Society at annual 
meeting, June, 1946. 


different types of exposure. ■ Six of, the 
jirocediires cover exposures at graduated 
levels of temperature and extremes of hu- 
midity; the seventh prescribes conditions 
involving alternate exposure to high and 
low temperatures. Insofar as weight 
and shape changes, embraced under the 
general term of dimensional stability, 
are concerned, these procedures provide 
a method of test. Further use of any of 
the conditions set up in the procedures is 
suggested, sucli as conditioning schedules 
prior to physical testing of the plastic 
either to test it at the particular condi- 
tion involved, or to study changes result- 
ing from exposure to that condition. 

Significance of Tests 
2. {a) The test conditions covered 
in these methods represent ..a .start 
towards organizing a group, of; .test 
procedures for determining, the. effects 
of, . specified changes of atmospheric 
temperature and humidity upon plastic 
articles. ' These procedures have been 
used, for ..' testing both . thermosetting 
■and thermoplastic; .materials.' ; 
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Note. — -T he test procedures covered in these 
methods have been drawn from various tests 
used in branches of the plastics industry, and by 
government agencies in procurement of mate- 
rials. , ■ ■ 

(b) While several of the testing tem- 
peratures are not used in other A.S.T.M, 
methods, they have a background of 
several years experience in portions of 
the plastics industry. Especially in 
procedures IV and V (Sections 11 and 
12) the accelerating effect of temperature 
in prompting changes caused by a rise 
in humidity leads to temperatures that 
are well above those encountered in 
normal service, and they are used simply 
to accelerate change. 

(c) Procedure I (Section 8) has been 
found to develop warping, weight 
change, and exudation in plastic parts. 
Procedure II (Section 9) is designed to 
reveal poorly cured plastics by develop- 
ing cracks in them. Procedures III 
and IV are more severe measures of the 
same tendencies developed in procedure 
I; the conditions of procedure IV will 
produce noticeable chemical decomposi- 
tion in many plastics. Procedure V 
(Section 12) is especially valuable in 
testing the behavior of plastic parts 
with metallic inserts and laminates, for 
cracking on exposure to temperature 
change. Procedures VI and VII are 
modifications of procedure I, applying 
to impact-resistant and low heat-distor- 
tion temperature types of thermoplas- 
tics, respectively. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Balance —K balance capable of 
weighing accurately to 0.05 per cent a 
test specimen weighing 100 g. or less, 
and to 0.1 per cent a test specimen 
weighing over 100 g. 

{b) Omn.—K ' circulation air oven 
capable of maintaining the required tem- 
perature of test within plus or minus 2 F. 


' {c) Noncorroding con- 

tainers with a shelf to support the test , 
specimen above the solution used for 
maintaining the required humidity. The 
container shall be tightly sealed except 
for a small capillary which permits 
release of vapor pressure that might 
otherwise lift the top off the container. 
Each tek specimen shall be tested 
preferably in a separate container. 

id) Desiccator. — clean, dry, 
uncharged desiccator or equivalent closed 
container in which to bring test speci- 
mens to room temperature. 

{e) Absorbent Cfo/A.-— Clean, nonlinting 
absorbent cloth for use in wiping exuda- 
tion or condensed moisture from test 
specimens. 

(f) Micrometer . — ^A micrometer ca- 
pable of measuring dimensions of test 
specimens to 0.001 in. 

{g) Cold Box . — ^A cold box capable of 
maintaining the required temperature of 
test within plus or minus 5 F. 

Test Specimens 

4. The general term plastics is used to 
describe the samples tested, since it is 
the intent of these methods to provide 
testing procedures which apply with 
equal validity to finished articles com- 
prising plastics components together with 
other materials, to plastics parts, to 
plastics articles, to test specimens molded 
from plastics, and, if shape and nature of 
the material permit, to sheets, rods, 
tubes, or other plastic shapes furnished 
in a finally processed form. The shape, 
size, and process of forming greatly influ- 
ence the behavior of plastic objects, 
hence a standard size test specimen is 
not prescribed in these methods, but the 
type of test specimen to be used shall be 
specified by the purchaser. Each test 
shall be made in duplicate. 

Conditioning 

5. Unless otherwise specified, test 
specimens shall be conditioned prior to 
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testing and reconditioned at the end of 
the test procedure in accordance with 
the Standard Procedure of the Tenta- 
tive Methods of Conditioning Plastics 
and Electrical Insulating Materials for 
Testing (A,S,T.M. Designation: D 618).® 
Test specimens of material J in. or 
less in thickness of plastic section shall 
be conditioned for a minimum' period of 
40 hr,, and specimens of material over 
I in. in thickness of plastic section shall 
be conditioned for a period of at least 
88 hr. 

Measurements of Test Specimens 
6. (a) The following measurements 
shall be made on conditioned test speci- 
mens prior to testing, after recondition- 
ing at the end of a test procedure, and at 
any intermediate stage as prescribed in 
the test procedures: 

(!) Weight , — The weight within 0.05 
per cent if the specimen weighs 100 g. 
or less, and within 0.1 per cent if the 
specimen exceeds 100 g. in weight. 

{2) Dimensions , — The thickness to 
0.001 in., the plane dimension in the 
direction of injection or transfer to 
0.001 in., and the plane dimension 
across the direction of injection or 
transfer to 0.001 in. 

(d) Dimensions of Compression 
Molded Specimen , — ^The thickness to 
0.001 in., and the perpendicular di- 
mensions in the plane at right angles 
to the direction of molding to 0.001 in. 
(fi) Specimens shall be brought to 
room temperature in the uncharged 
desiccator, which will require 10 to 30 
min. Then the specimen shall be 
weighed in less than 10 min. after expo- 
sure to room conditions. The dimen- 
sions shall be measured immediately 
after weighing the specimen. 

(c) At the discretion of the purchaser, 
requirements for weights and measure- 
ments at intermediate stages given in 
the procedures may be omitted. 

8 Appears m tJhis publication, see Coiitents in Numeric 
Sequence of A*S,T.M. Besiptations at front of book. 


Visual Examination 

7., .Noticeable, qualitative changes in. 
surface, outline, and .. general ap.pea.rance 
of ■ the test specimen shall be recorded 
after each stage of the testing procedure. 
These changes include , color, surface 
irregularities, odor, and splits, in ac- 
cordance with the Standard Descriptive 
Nomenclature of Objects Made from 
Plastics (A.S.T.M. Designation: D 675).® 
Changes shall also be noted as they occur, 
especially those which alter the shape so 
that intended dimensions are no longer 
significant. 

Procedure I 

8. (a) The test cycle for procedure I 
shall be as follows; 

24 hr. at 140 F. and 88 per cent relative 
humidity, followed by 

24 hr. at 140 F. in the oven. 

(b) Condition the specimen, weigh, 
and measure dimensions in accordance 
with Sections S and 6. 

(c) Expose the specimen for 24 hr. 
on the shelf of a container maintained 
at 140 zh 2 F. in the oven, and contain- 
ing a saturated solution of sodium sulfate 
to maintain a relative humidity of 85 to 
•89 per cent. 

(d) Remove the specimen from the 
container, place it in the uncharged 
desiccator, and bring to room tem- 
perature in accordance with Section 6 (b), 

(e) Wipe the specimen with the ab- 
sorbent cloth, then weigh, measure 
dimensions, and examine visually in 
accordance with Sections 6 and 7. 

(f) Within 2 hr. after completion of 
the operation prescribed in Paragraph 
(c), expose the specimen for 24 hr. in 
the oven at 140 zk 2 F. ,. 

(g) Place the specimen in the un- 
charged desiccator, and . bring , to . room, 
temperature in accordance ..with Section' 
6(b), 

(h) Weigh,, the specimen, mea.sure. di- 
mensions, , and examine visually in ac- 
cordance with Sections 6 and 7. 
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(i) Recondition : the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6. : 

(j) The specimen may be subjected to 
physical tests in accordance with Section 
15, 

Procedure II 

9, {a) The test cycle for procedure II 
shall be as follows: 

72 hr. at 140 F. in the oven. 

(b) Weigh and measure dimensions of 
the specimen in the as-received condition 
in accordance with Section 6. 

(c) Expose the specimen for 72 hr. 
in the oven at 140 zb 2 F. 

(d) Place the specimen in the un- 
charged desiccator, and bring to room 
temperature in accordance with Section 

( 6 ). 

(e) Weigh the specimen, measure di- 
mensions, and examine visually in ac- 
cordance with Sections 6 and 7. 

Procedure III 

10. (a) The test cycle for procedure 
III shall be as follows; 

24 hr. at 160 F. and 70 to 75 per cent relative 
humidity, followed by 

24 hr. at 160 F. in the oven. 

{b) Condition the specimen, weigh, and 
measure its dimensions in accordance 
with Sections 5 and 6. 

(c) Expose the specimen for 24 hr. on 
the shelf of a container maintained at 
160 zb 2 F. in the oven, and containing a 
saturated solution of sodium chloride to 
maintain a relative humidity of 70 to 
75 per cent. 

(d) Remove the specimen from the 
container, place it in the uncharged 
desiccator, and bring to room tem- 
perature in accordance with Section 6 (5). 

(e) Wipe the specimen with the ab- 
sorbent cloth, then weigh, measure di- 
mensions, and examine visually in ac- 
cordance with Sections 6 and 7. 


(f) Within 2 hr. after the coiEp,letion : 
of the operation described in Paragraph 
(c), '. expose the specimen for 24 hr. iii' 
the oven at 160 zb 2 F. 

(^) Place the specimen in the un- 
charged desiccator and bring to room tem- 
perature in accordance with Section 6 (i). 

(h) Weigh the specimen, measure di- 
mensions, and examine visually in ac- 
cordance with Sections 6 and 7. 

(i) Recondition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6. 

(j) The specimen may be subjected to 
physical tests in accordance with Sec- 
tion 15. 

Procedure IV 

11, (a) The test cycle for procedure 
IV shall be as follows: 

24 hr. at 175 F. over water, followed by 

24 hr. at 175 F. in the oven. 

(6) Condition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6. 

(c) Expose the specimen for 24 hr. 
on the shelf of a container maintained 
at 175 zb 2 F. in the oven, and con- 
taining distilled water to maintain a 
humid atmosphere. 

{d) Remove the specimen from the 
container, place it in the uncharged 
desiccator, and bring to room tem- 
perature in accordance with Section 6 (5). 

(e) Wipe the specimen with the ab- 
sorbent cloth, then weigh, measure di- 
mensions, and examine visually in ac- 
cordance with Sections 6 and 7, 

(/) Within 2 hr. after the completion 
of the operation described in Paragraph 
(c), expose the specimen for 24 hr. in 
the oven at 175 zb 2 F. 

(g) Place the specimen in the un- 
charged desiccator, and bring to room 
temperature in accordance with Section 
6 (&). 

(h) Weigh the specimen, measure di- 
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.■mensiGns, and examine visually' in - ac- 
cordance with Sections 6 and 7. 

(i) Recondition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6, 

(f) The specimen may be subjected to 
physical tests in accordance with Sec- 
tion;,, 15. , 

Procedure V 

12. (a) The test cycle for procedure V 
shall be as follows: 

24 hi. at 175 F. and 70 to 75 per cent relative 
humidity, followed by 

24 hr. at —40 F. or —70 F., as specified, 

24 hr, at 175 F. in the oven, 

24 hr. at -40 F. or -70 F., as specified. 

(b) Condition the specimen, weigh, and 
measure its dimensions in accordance 
with Sections 5 and 6. 

(c) Expose the specimen for 24 hr. 
on the shelf of a container maintained at 
175 ±2 F. in the oven and containing 
a saturated solution of sodium chloride. 

(d) Remove the specimen from the 
container, and wipe excess moisture from 
it with the absorbent cloth. 

{e) Within 30 min. after the comple- 
tion of the operation described in Para- 
graph (<;), expose the specimen for 24 hr. 
in a cold box maintained at —40 db 4 F. 
or — 70 4 F., as specified. 

(/) Place the specimen in the un- 
charged desiccator and bring to room tem- 
perature in accordance with Section 6 (&) . 

(g) Wipe the specimen with the ab- 
sorbent cloth, then weigh, measure 
dimension, and examine visually in 
accordance with Sections 6 and 7. 

(h) Within 2 hr. of the completion of 
the operation described in Paragraph 

(e), expose the specimen for 24 hr. in 
the oven at 175 rh 2 F. 

(i) Place the Specimen in the un- 
charged desiccator, and bring to room tem- 
perature in accordance with Section 6 (J). 

(j) Within 30 min. after the completion 
of the operation described in Paragraph 


(h), expose thC' specimen for.. 24 hr. in 
the cold box at —40 .±, 4 F. or —70. nh 
4 F., as specified. , 

(k) Place the specimen in the , un- 
charged desiccator, and bring, to room tem- 
perature in accordance with Section 6, (5). 

(l) Wipe the specimen with the ab- 
sorbent cloth, then weigh, ;m.,easure , di- 
mensions, and examine, visually in- ac- 
cordance with Sections 6 and 7. 

{m) Recondition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6. 

(n) The specimen may be subjected to 
physical tests in accordance with Sec- 
tion 15. 

Procedure VI 

13. (a) The test cycle for procedure VI 
shall be as follows: 

24 hr. at 100 F. and 100 per cent relative 
humidity, followed by 

24 hr. at 140 F. in an oven. 

(b) Condition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6, 

(c) Expose the specimen for 24 hr. 
in a container maintained at 100 zfc 2 
F. and 100 per cent relative humidity 
(obtained by using distilled water as the 
humidifying medium). 

(d) Place the specimen in the un- 
charged desiccator, and bring to room tem- 
perature in accordance with Section 6 (i). 

(e) Wipe the specimen with the ab- 
sorbent cloth, then weigh, and measure 
dimension.s and examine visually in ac- 
cordance with Sections 6 and 7. 

(f) Within 2 hr. after the completion 
of the operations described in Paragraphs 
(c) and ({I), expose the specimen for 24 
hr. in the circulation air oven at 140 F. 

(g) ' Place , , the ,■ specimen ,. in , .the ■. un-. 
charged desiccator and bring'to room tern-' 
perature in aceordaiice with Section 6 (&). 

(h) Weigh the .specimen, measure di- 
mensions, and examine visually in ac- 
cordance with vSections 6 and 7. 
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(i) ; Recondition the /sped^ weigh, 
.and ■ measure dimensions in accordance 
with Sections 5 and 6. 

(/) The specimen may be subjected to 
physical tests in accordance with Sec- 
tion 15. 

Procedure VII 

14. (a) The test cycle for procedure 
VII shall be as follows: 

24 hr. at 120 F. and 100 per cent relative 
humidity, followed by 

24 hr. at 120 F. in an oven. 

(6) Condition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6. 

(c) Expose the specimen for 24 hr. in a 
container maintained at 120 ± 2 F. 
and 100 per cent relative humidity (ob- 
tained by using distilled water as the 
humidifying medium). 

(d) Place the specimen in the un- 
charged desiccator, and bring to room 
temperature in accordance with Section 
6 ( 6 ). 

(e) Wipe the specimen with the ab- 
sorbent cloth, then weigh, and measure 
dimensions and examine visually in 
accordance with Sections 6 and 7. 

(f) Within 2 hr. after the completion 
of the operations described in Para- 
graphs {c) and (<i), expose the specimen 
for 24 hr. in the circulation air oven at 
120 F. , , 

(g) Place the specimen in the un- 
charged desiccator and bring to room 
temperature in accordance with Section 
6 (b): 

{h) Weigh the specimen, measure 
dimensions, and examine visually in 
accordance with Sections 6 and 7. 


{i) Recondition the specimen, weigh, 
and measure dimensions in accordance 
with Sections 5 and 6. 

ij) The specimen may be subjected 
to physical tests in accordance with 
Section 15. 

Physical Tests 

15. On appropriate test specimens, 
provided that prohibitive changes in 
dimension, structure, or shape have not 
taken place, physical tests, such as 
impact resistance and flexural strength, 
may be conducted either at one of the 
test conditions, or after the final condi- 
tioning, for comparison with similar 
tests on specimens which have not been 
exposed to the conditions prescribed by 
these methods. 

Report 

16. The report shall include the fol- 
lowing: 

(i) Description of test specimens, in- 
cluding material, shape, method of 
molding, and where obtained, 

{2) Test procedures used, designated 
by Roman numerals and the number of 
cycles of each, 

(J) Average values of percentage 
changes in weight and dimensions found 
after {a) each stage of the testing pro- 
cedure, and (5) reconditioning, when the 
entire cycle is finished. Notation shall 
be made whether all measurements pre- 
scribed in Section 6 {a) were taken, or 
whether the simplified procedure of 
Section 6 (c:) was used, and 
{4) Description of qualitative changes 
in appearance that may have taken 
place during each stage of the test 
procedure. 


Explanatory Note 

Note.— To simulate the behavior of plastics cycles of dry heat and humid heat may be 
subject to, repeated exposure to heat and humid- selected from the single cycle test procedures 
ity, test procedures involving the use of repeated described in these methods. In making such 
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cycle tests, the initial conditioning shall be 
given, Mowed by exposure to the test as stated. 
Subsequent test procedures shall be applied 
without reconditioning the specimen at the end 
of each unit of the cycle. For instance, in 
carrying out a three-cycle exposure to procedure 
I, the first cycle shall be carried out in accord- 
ance with Sections 8 (a) to (h)^ the second cycle 
in accordance with Sections 8 (c) to (k), 


and the third cycle in accordance with 
Sections 8 (c) to (j). The reconditioning shall 
always be carried out at the end of the ,test 
cycle unless sample failure makes this step 
appear trivial. In reporting such tests, men- 
tion should be made of the various stages 
selected for the cycle, and the number of cycles 
to which the specimen is subjected. 




’Tentati've Methods of Test for 
SPECIFIC GRAVITY OF PLASTICS ^ 



A.S.T.M. Designatioii: D 792-44T 
Issued, 1944.2 

Tliese Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St,, Philadelphia 3, Pa, 


Scope 

1. {a) These methods of test are in- 
tended for the determination of the spe- 
cific gravity of solid plastics. Two meth- 
ods are covered, as follows: 

Method A . — For plastics in a finished 
condition, whether machined or other- 
wise formed to the dimensions of a piece 
ready for service, such as sheets, rods, 
tubes, and molded articles. 

Method B , — For plastics in preformed 
condition, such as molding powder or 
pellets, flake or the like. 

{h) These methods are based on the 
displacement of a like volume of liquid 
and determination of the change in 
weight. The liquid used shall be water 
for plastics which are unaffected by 
water. For plastics which are soluble in 
or otherwise affected by water, kerosine 
or other suitable liquids may be used. 
The liquid should wet the plastic but 
should not otherwise affect it and should 
have a lower density than the plastic. 

Specific Gravity ' 

2. The specific gravity of plastics shall 

^ Under tlie standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. . - 

® Accepted by the Society at annual meeting, June, 
1944 ., . , , , 


be expressed as the ratio of the weight of 
a given volume of the material at 25 C. 
(77 F.) to that of an equal volume of 
water at the same temperature, and shall 
be expressed thus: 

Specific gravity, 25/25 C. (77/77 F.) . . . 

Method A. — For Plastics in Final 
Form eor Use 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Analytical Balance . — ^An analyti- 
cal balance equipped with pan straddle 
or other stationary support. 

{b) Pycnometer. — h. pycnometer of one 
of the types shown in Fig. 1, for deter- 
mining the specific gravity of kerosine 
when this is used as the displacement 
liquid in the determination. 

(c) Vacuum Desiccator . — ^A glass des- 
iccator, having a hole in the lid, and 
constructed to withstand a vacuum of 
one atmosphere. 

{d) Oil Vacuum Pump.— An oil vac- 
uum pump, with motor, to give a 
vacuum of 3 mm. or less. 

(e) Constant Temperature Bath.— A 
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constant temperature bath, adjusted to 

2S,i;01;C^(77'±U^^ 

Test SpecimeBs 

4; The test specimen for formed plas- 
tics shall consist of a piece cut from the 
material under test. The sides shall be 
made smooth by trimming, as in the case 
of thin sheet samples, or smoothing with 
abrasive cloth or paper for material of 
greater thickness, until the specimen is 
free from surface roughness which will 
entangle air bubbles when immersed in 



liquid. The size of the specimen shall be 
such as to fit conveniently in the beaker 
used in the test, and may weigh from 1 
to S g. 

Gonditioning Test Specimens 

5. Test specimens, whose change in 
specific gravity on conditioning may be 
greater than the accuracy required of 
the specific gravity determination, shall 
be conditioned before testing in accord- 
ance with the Tentative Methods of 
Conditioning Plastics and Electrical In- 
sulating Materials for Testing (A.S.T.M. 
Designation: D 618).^ 

Procedure 

6. (a) The balance shall first be tared 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book* 


with a piece of fine wire, sufficiently long 
to reach from the hook on one of the pan 
supports to^ the pan straddle or other' 
beaker support. The test specimen shall 
then be attached to the wire, so as to be 
suspended about 1 in. above the pan 
straddle or other beaker support, and 
weighed, to the nearest 0.1 ,mg. ,::This 
weight shall be called (the weight in 
air). The specimen, still suspended by 
the wire, shall then be completely im- 
mersed in freshly boiled distilled water, 
or in kerosine, at a temperature of 25 =h 
0.1 C. (77 zh 0.2 F.), contained in a beaker 
of convenient size which is supported on 
the pan straddle, and any adhering air 
bubbles removed with a fine wire. The 
weight shall again be determined to the 
nearest 0.1 mg. This weight shall be 
called “5’^ (the weight in liquid). 

(6) Where kerosine (or other nonaque- 
ous liquid) is used as the immersing fluid, 
it is necessary to determine the specific 
gravity of the kerosine, as follows: Fill 
the pycnometer (Fig. 1) with freshly 
boiled distilled water and bring to a tem- 
perature of 25 =b 0.1 C. (77 db 0.2 F.). 
Remove air bubbles by placing in a vac- 
uum desiccator and applying vacuum, 
then refilling (at 25 =b 0.1 C. (77 ± 0.2 
F.)) to make up for any change in volume. 
Weigh to the nearest 0.1 mg. Remove 
the water from the pycnometer, clean, 
dry, and weigh it empty. Then fill it 
with kerosine, bring again to 25 C. (77 
F.), remove the air bubbles as before, 
and replace any losses in volume (at 25 
± 0.1 C. (77 db 0.2 F.)) with kerosine. 
Reweigh to the nearest 0. 1 mg. Calculate 
the specific gravity of the kerosine as 
follows: 

Sp. gr. of kerosine, 25/25 C. (77/77 F.) == 

.of kerosine 
, wt. of water 

Calculation 

7. The specific gravity of the plastic 
shall be calculated from one of the two 
following formulas: 
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(a) When water is the immersing me- 
dium: 


Sp. gr., 25/25 C. (77/77 F.) = 


where: 

a = weight in grams of sample in air, and 
h = weight in grams of sample in water 
, at 25 C (77 K). 

{b) When kerosine {or other nonaqueous 
fluid) is the immersing medium: 


Sp. gr., 25/25 C. (77/77 F.) = 


X (sp. gr. of kerosine 25/25 C. 01 pi F.)) 
where: 

a = weight in grams of sample in air, and 
h = weight in grams of sample in kero- 
sine (or other nonaqueous fluid) 
at25 C. (77 F.). 

Method B.-- -For Plastics in the 
Form of Molding Powders, 
Flake, or the Like 

Apparatus 

8. The apparatus shall be the same as 
described in Method A (see Section 3). 

Test Specimens 

9. Since molding powder or flake are 
rarely used under standard conditions, 
the specific gravity may be determined 
under any conditions desirable, that is, as 
received, as conditioned under standard 
conditioning procedures, as dried, etc., 
provided that the conditions be stated. 
If conditioning includes immersion in the 
liquid, the time and temperature shall 
be stated. 


Procedure 

10. {a) The pycnometer, previously 
standardized according to Section 6 (6), 
shall be weighed empty, a suitable quan- 
tity of the material (1 to 5 g.) added and 
the pycnometer reweighed. Boiled dis- 


tilled water (or, for water soluble or 
sensitive materials, kerosine) shall then 
be added to cover the test specimen, and 
the pycnometer and contents placed in 
the vacuum desiccator. The Hd of the 
vacuum desiccator shall be put in place 
and the vacuum pump connected and 
started. Vacuum shall be applied to the 
material in this manner to remove aE air 
from the water (or kerosine) suspension 
of the test specimen. When all the air 
has been removed from the specimen, the 
vacuum shall be broken, the desiccator 
opened, and the pycnometer filled with 
the appropriate liquid, placed in the 
constant temperature bath, and allowed 
to remain until the pycnometer and con- 
tents have reached a temperature of 25 
rfc 0.1 C. (77 ± 0.2 F.). The pycnome- 
ter shall then be filled exactly to the tip 
of the side arm by adding or removing 
the appropriate liquid, the outside of the 
pycnometer wiped dry, and the pycnom- 
eter and contents weighed. 

(5) The pycnometer shall be emptied, 
cleaned, and filled with boiled distilled 
water, the air removed as in Paragraph 
(a), the temperature brought to 25 d= 
0.1 C. (77 ± 0.2 F.), and the pycnometer 
and contents reweiglied. If kerosine was 
used as the fluid in the test, the process 
shall be repeated with the kerosine. 

Calculations 

11. The specific gravity of the material 
shall be calculated (Note) as follows: 

Sp. gr., 25/25 G. (77/77 F.) = - ° ^ f 

0 — c ir a 

where: 

a = weight in grams of specimen in 
pycnometer. 

J = weight in grams of pycnometer filled 
with displacement liquid. 
c = weight in grams of pycnometer con- 
taining specimen and filled with 
displacement liquid, and 
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^ specific gravity of displacement 
liquid. If the liquid is kerosine, 
calculate as described in Section 
7 (b) ; if water is used as the liquid 
the value of i will be unity. 

Note.— T he weight of the liquid having a 
volume equal to that of the test specimen is 
(5 — c + a) and the volume of this weight of 

liquid IS — - 1 — 


Precautions 

12. Before a new desiccator is used for 
the first time, it shall be wrapped in a 
towel, placed in a heavy wooden box, and 
tested under the vacuum to. be used, the 
operator being adequately p.rotected, by 
the proper safety devices (goggles, safety 
shield, etc.) . The same precautions shall 
be observed under operating conditions; 


Tentative Method of Test for 

SHORT-TIME STABILITY AT ELEVATED TEMPERATURES 
OF PLASTICS CONTAINING CHLORINE^ 



A.S.T.M. Designation: D 793 “44 T 
Issued, 1944.2 

THs Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1 . This method of test covers the 
procedure for determining the short-time 
stability at elevated temperatures of 
plastics containing chlorine. 

Apparatus 

2. The apparatus, shown in Fig. 1 , 
shall consist of the following: 

{a) Preheater Coil, 

(b) Erlenmeyer Flask. — ^An Erlenmeyer 
flask of 250 ml, capacity. 

(c) Glass Tube. — glass tube 6 mm. 
in diameter which is drawn to a point 
with an opening of 2 to 3 mm. and which 
extends to within J in. of the bottom 
of the flask. 

(d) Constant Temperature Bath. — K 
constant temperature bath which can be 
controlled' at 180 dz 2 C. 

(e) Absorption Tube.— A tube 18 to 
20 mm. in diameter and 13 to 20 cm. in 
length for absorbing hydrogen chloride in 
the ' sodium hydroxide. 

(/) Nitrogen Cylinder. 

i Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

* Accepted by the Society at annual meeting, June, 
■1944. ^ ■ ■ 


Reagents 

3. (a) Sodium Hydroxide {OJ N). 

{b) Silver Nitrate (0.02 N). 

(c) Ammonium Thiocyanate or Potas- 
sium Thiocyanate (0.02 N). 

(d) Distilled Water. 

(e) Ferric Nitrate. — Approximately 5 
per cent in distilled water. 

Test Specimens 

4. The test specimen shall be 10 g. of 
the plastic cut into pieces so that one 
dimension is no larger than - 3 ^ in. The 
particle size of the specimen shall be 
agreed upon by the purchaser and the 
manufacturer. 

Procedure 

5. {a) The 10-g. specimen, cut or shred- 
ded into small pieces, shall be spread 
evenly upon the bottom of the Erlenmeyer 
flask. The flask shall be placed in the 
constant temperature bath so that it is 
immersed in the heating medium to 
within 3 cm. of the top. The tempera- 
ture shall be maintained at 180 =b 2 C. 
(356 ± 3.5 F.) (Section 6 (5)). The flask 
shall be fitted with a rubber stopper 
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holding two glass tubes, on# being the 
glass inlet tube which shall extend nearly 
to the bottom of the flask. The inlet 
tube shall be connected to the preheater 
coil which in turn shall be connected to a 
nitrogen cylinder. The outlet tube shall 
be connected to the tube containing the 
absorbing solution. All glass tubing 
connections shall be butt joints held 
together by rubber tubing. The gas 
fl.ow shall be adjusted so that the 
nitrogen bubbles through the absorbing 
tube at a rate of 2 to 4 bubbles per 


Rubber Stopper-. 


6 mm. Glass Tubing 

^ Rubber Tube 


20mm. LD. 



Fig. 1. — Assembly of Apparatus for Stability 
Test. 

second. The gas shall be bubbled 
through the system for 30 min. and the 
evolved hydrogen chloride shall be ab- 
sorbed in the tube containing 40 ml. of 
0.1 N sodium hydroxide. 

(&) At the end of the 30-min. period, 
the contents of the hydrogen chloride 
absorption tube and connecting tube 
shall be rinsed with distilled water into 
a beaker and acidified with nitric acid 
(sp. gr. 1.42). The chloride present 
slmll be precipitated by adding 50 ml. 
of 0.02 N silver nitrate and the precip- 
itated silver chloride shall be removed 
by filtration. The filtrate shall be tested 
with a drop of silver nitrate to be sure 


all the chloride has been precipitated. 
The excess silver, nitrate in the filtrate 
shall then be determined with 0.02 N 
ammonium thiocyanate (or potassium 
thiocyanate), using ferric nitrate as an 
indicator. 

{c) Blank , — A blank .determination 
shall be made on 40 ml of the 0,1 ]V 
sodium hydroxide diluted with distilled 
water to a volume approximately equal 
to that used for the test on the specimen. 

Precautions 

6. {a) The glass tubing and flask 
must be thoroughly dried before each 
determination. 

(5) Control of the temperature within 
the limits specified is extremely im- 
portant. If the temperature varies more 
than plus or minus 2 C. (3.5 F.) from 
180 C. (356 F.), the determination shall be 
repeated. 

{c) Since there is a possibility that 
the type of glass used might have an 
effect on the results obtained with some 
resins, the type of glass® used shall be 
stated in the report. 

Calculations 

7. The short-time stability shall be 
calculated as follows: 

M = [(A ~ B ) — C] X normality of silver 
nitrate X 3.65 

where: 

M = short-time stability expressed as 
milligrams of hydrogen chloride 
evolved per gram of test speci- 
men for a 10-g. specimen, 

A == milliliters of silver nitrate, 

B == milliliters of ammonium thio- 
cyanate, and 

C ^ milliliters of , silver nitrate con- 
sumed by the blank; 


* Pyrex glass has been fonn-d ,satisfacto.ry. 



Tentative Method of Test for 
STIFFNESS IN FLEXURE OF NONRIGID PLASTICS' 



A,S.T*M* Designation: D 747 -“43 T 
Issued, 1943 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test describes a 
procedure for determining the stiffness 
in flexure of nonrigid plastics. It is 
well suited for determining the relative 
flexibility over a wide range. 

Note. — A discussion of the theory of the 
stiffness test will be found in the Appendix to 
this method. 

Apparatus _ 

2. The apparatus for the stiffness 
test (Fig. 1) shall be of the cantilever 
beam bending type/ consisting essen- 
tially of the following: 

(a). Vise . — A specimen vise, F, to 
which the pointer indicator, is at- 
tached, and which is capable of uniform 
clockwise rotation about the point 0 
at a rate of 60 deg. of arc per min. 

(h) Weighing System . — A pendulum 
weighing system, including an angular 
deflection scale, pointer indicator, Ji, 
bending plate, Q, for contacting the free 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

* Accepted by Committee E-10 on Standards, August 
30, 1943. 

» Olsen Stiffness Tester, Tour-Marshall and Olsen De- 
sign, described in U, S. Patent 2,049,235. 


end of the specimen, and a series of de- 
tachable weights, M. This system shall 
be pivoted for nearly frictionless rota- 
tion about the point 0. 

(c) Angular Deflection Scale . — The 
angular deflection scale shall be cali- 
brated in degrees of arc and shall indi- 
cate the angle through which the rotating 
vise has been turned relative to the 
pendulum system. This is the differ- 
ence between the angle through which 
the vise has been turned and the angle 
through which the load pendulum has 
been deflected. 

{d) Load Scale . — A fixed load scale 
which measures the deflection, 0, of the 
pendulum system. It shall be calibrated 
to read directly 100 L sin 0, where X is 
the distance between the center of rota- 
tion, 0, and the center of the applied 
load, M. Thus, M times the load scale 
reading divided by 100 gives the bending 
moment directly. 

(^) Lubrication.— Foi operation at 
subatmospheric temperatures, it is neces- 
sary to remove all the lubricant from 
the gear box, bearings, etc., of the ap- 
paratus. Kerosine may be used if found 
necessary. 
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Test Specimens ■ 

3. (a) Test specimens shall be strips 
cut from molded sheets of the material 
to be tested. They shall have a rec- 
tangular cross-section, and shall be cut 
Mth their longitudinal axis parallel to 
the direction of the calender grain, unless 
grain effects are specifically to be 
evaluated. The length, width, and thick- 


Lood Scafe 



Fig. 1 . — Mechanical System of Stiffness 
Tester. 


ness of the specimen to be used will de- 
pend on the stiffness of the material and 
the capacity of the testing machine. 
Specimens shall have an even surface, 
but preferably not highly polished. If 
they exhibit a surface tackiness, they 
shall be dusted lightly with talc before 
being tested. 

(b) Three specimens of the material 
shall be tested, and the results averaged. 

Conditioning Test Specimens 

4. (a) All test specimens prior to 


testing shall be conditioned in accord- 
ance with the ^ Tentative Methods of 
Conditioning Plastics and Electrical 
Insulating Materials for Testing (A.S. 
T.M. Designation: D unless other- 
wise specified. 

(6) Specimens to be tested at sub- 
atmospheric temperatures shall also be 
conditioned in air at the test tempera- 
ture for 24 hr. prior to testing. 

Procedure 

5. (a) The machine shall be set on an 
approximately level surface. The pen- 
dulum. shall be weighted and, if neces- 
sary, the load scale adjusted to indicate 
zero. The bending pin or plate shall be 
set to the proper bending span after 
determining by trial the span required 
for the material to be tested. In general, 
the shortest span which will permit a 
complete test with the moment weights 
available shall be used. The motor shall 
be started and kept running throughout 
the test, since its vibration minimizes 
friction effects in the weighing system. 

(6) The test specimen shall be clamped 
firmly in the vice with the center line 
approximately parallel to the face of the 
dial plate. By turning the hand crank, 
suficient load shall be applied to the 
specimen to show a 1 per cent load read- 
ing and then the angle pointer shall be 
set to zero, and subsequent load readings 
reduced by one division. 

(c) The motor engaging lever shall be 
held down and the load scale readings 
taken every 3 deg. up to 20 deg. and 
then every 10 deg. up to 90 deg. until 
the test is completed at 90 deg. deflec- 
tion, or until fracture of the test speci- 
men, or until the angle of bend or the 
load specified for the test is reached. 
Generally, data up to 30-deg. deflec- 
tion are sufficient. 


* Appear3 in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Caleulatioiis 

6. (d) Plot the data on coordinate 
paper with the load scale reading as ordi- 
nate and the angular deflection as ab- 
scissa. 

(6) The stiffness in flexure shall be cal- 
culated to three significant figures, as 
follows: 

^ ^ ^ M X (load scale reading) 

W(P 100 <^ 

where: 

E == stiffness in flexure in pounds per 
square inch, 

S == span length in inches, 
w = specunen width in inches, 
d = specimen thickness in inches, 

M == calibrated weights applied to the 
pendulum system, and 
(j> = reading on angular deflection scale 
converted to radians. 


Note. — ^The data when plotted, load scale 
reading versus angular deflecflon, is a curve^ gen- 
erally with an initial straight line ^ portion. ' If 
the straight line portion does not pass through 
the origin, it shall be translated parallel to itself 
until it does. The data consistent with some 
point on this straight line, which shall be ex- 
tended, shall be used in the equation in 
Section 6(b). 

Report 

7. The report shall include the fol- 
lowing: 

(1) Stiffness in flexure calculated in 
accordance with Section 6, 

(2) All observed and recorded data 
on which the calculations are based, 

(3) Complete identification of the 
material tested, including type, source, 
manufacturer’s code number, form, sur- 
face, and dimensions, of the test speci- 
mens. 

(4) Test room temperature, and 

(5) Date of test. 


APPENDIX 


Theory of Operation of Stiffness Tester,® One-Half Inch Pound Capacity 


Al. The mechanical system (Fig. 1) consists 
of several parts, as follows: 

(а) The angular deflection scale, A, the 
pointer indicator, h, the bending plate, Q, and 
the mass, if, are rigidly attached to form a 
pendulum system pivoted for nearly frictioniess 
rotation about the point 0. 

(б) The angular deflection scale, A, is cali- 
brated in degrees of arc and indicates the angle 
through which the rotating vise has been turned 
relative to the point of load application on the 
test specimen. This is the difference between 
the angle through which the vise has been turned 
and the angle through which the load pendulum 
has been deflected. 

A2. The load scale which is fixed measures the 
deflection, of the pendulum system. It is 
calibrated to read directly 100 L sin 0, where L 
(2 in.) is the distance between the center of 
rotation, 0, and the center of the applied load, 
M. Thus, M multiplied by the load scale read- 
ing divided by 100 gives the bending moment. 

A3, The specimen vise, F, to which the indi- 
cator, Jg, is attached, rotates in a clockwise 
direction about the point 0 to bend the speci- 
men against the plate, Q. 


A4. At the start of a test the specimen is 
mounted as shown in Fig. 2 (a). The indicator 




'Vise, y 


' ' ' 

Center of RoMi on, 0 \ 

Bending P/ofe, Q"'' 
(a) Starting Position 


^^y/se, y 



pf 

CeriterofPofafhn^O--^,,^^^^ j ^ 
Bwdmg 
(b) Position During Test 
Fig. 2. — Positions of Specimen. 


/s, reads zero on the angular deflection scale, 
A, and the pointer indicator, Ji, indicates zero 
on the load scale. During test, the conditions 
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tre as illustrated iu Fig, , 2 , (b), Tiie 'point 'P on ' , ■ From Eq , (2) the modulus of elasticity (Note) ■ 
the' specimen has undergone a deflection which or stiffness in flexure becomes: 

’ for small angles is given approximately by: 


(ML sin $)S^ 
3EI 


(ML sin $)S X 100 
300/^,, , , * 


where:'; 

ML sin 0 « moment of force which bends 
specimen, 

5 *= span length, 

E « modulus of elasticity In flexure, 
and 

I » moment of inertia of specimen 
cross-section which is calculated 

as:g’,where«,isthespecimen 

width, and d the specimen 
thickness. 

Dividing by 5, the angle <l) (Fig. 2 (b)) which 
is registered on the angular deflection scale, A, 
is given by: 


FF' (ML sin 6)3 



E 

where: 


^ If E sin e X 100 


4> *= angular deflection on scale A 
converted to radians, 

100 L sin 0 = load scale reading, 

Jiff sin Q == bending moment of specimen, 

5 = specimen span, 
w = specimen width, and 
d = specimen thickness. 


Note. — Under actual test conditions the 
deformation has both elastic and plastic com- 
ponents. The test method does not distinguish 
between or separate these, hence, a true elastic 
modulus is not calculable. Instead, an appar- 
ent value is obtained and is defined for purposes 
of this test as the stiffness of the material in 
flexure. 




Tentative Method of Test for 
TENSILE PROPERTIES OF PLASTICS^ 



A.S.T.M. Designation: B 638 -46 T 
Issued, 1941; Revised, 1942, 1944, 1946.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method is intended for use in 
determining the comparative tensile 
properties of organic plastics in the form 
of test specimens of standard shape and 
when tested under defined conditions 
of pretreatment, temperature, humidity, 
and testing machine speed. (Notes 1, 
2, 3, and 4.) 

Befinitioiis of Terms® 

2. (a) Tensile Stress (nominal) is the 
tensile load per unit area of original 
cross-section, within the gage boundaries, 
carried by the test specimen at any time 
during a tension test. It is expressed 
in pounds per square inch. 

(b) Extension is the change in length 
produced in a longitudinal section of a 
test specimen, measured between fixed 


^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S,T.M. 
Committee D-20 on Plastics. 

* Latest revision accepted hy the Society at annual 
meeting, June, 1946. 

8 A more complete list of definitions of terms and sym- 
bols relating to the tension testing of plastics and related 
materials is being proposed to A.S.T.M. Committee E-1 
on Methods of Testing and Committee E-8 on Nomen- 
clature and Befinitions, and is given in the Apjjendix. 
Attention is also directed to the Standard Befinitions of 


gage points on the specimen, by a tensile 
load. It is expressed in inches. 

(c) Strain (or Unit Extension) is iht 
ratio of the extension to the original 
length of the measured elongating sec- 
tion of the test specimen, that is, the 
change in length per unit of original 
length. It is expressed as a dimension- 
less ratio. 

(d) Tensile Strength is the maximum 
tensile load per unit area of original cross- 
section, within the gage boundaries, 
carried by a test specimen of the type 
herein described during a tension test. 
It is expressed in pounds per square inch. 

(e) Percentage Elongation is the exten- 
sion recorded at the moment of rupture 
of the specimen expressed as a percent- 
age of the original length of the measured 
elongating section. It is equal to one 
hundred times the strain measured at the 
moment of rupture of the specimen. 

(/) Mean Rate of Stressing is, for 
report purposes, the tensile stress in 
pounds per square inch of original cross- 
section, carried by the test specimen at 
the moment when the strain is 0.02, or 
at the moment of rupture if this occurs 
at a strain below 0.02, divided by the 


Terms Relating to Methods of Testing (A.S.T.M. Besig- 
aatioa: E 6), see p. 487. 
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time in seconds required for the attain- ' 
ment' this tensile stress and this, 
strainj measured from the beginning of 
application of the load. It is expressed 
in pounds per square inch per second. 
(Notes.), 

(^) Mean Rate of Straining is, for re- 
port purposes, the rate of change of 
strain with time. It may best be deter- 
mined by calculation from the slope of a 
strain-time curve, plotted for thepurpose, 
using special data of strain recorded at 
definite intervals of time during the 
course of a test. It is expressed in 
dimensionless units per second. 

(h) Elastic Modulus or Young^s Mod- 
ulus is the ratio within the elastic limit 
of stress to corresponding strain. (Note 
6.) It is expressed in pounds per 
square inch. 

{i) Offset Yield Stress is the stress at 
which the stress-strain curve departs 
from linearity by a specified percentage 
of deformation (offset) . The method for 
determining the offset yield stress is 
prescribed in the Standard Definitions 
of Terms Relating to Methods of Testing- 
(A.S.T.M. Designation: E 6y under defi- 
nition of yield strength, Paragraph 2 (a) 
on “Offset Method/^ The amount of 
offset shall always be stated, for example 
0,2 per cent offset yield stress. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Testing Machine. — K testing ma- 
chine of the constant-rate-of-crosshead- 
movement type and comprising essen- 
tially the following: 

(i) Fixed Member . — -A fixed or essen- 
tially stationary member carrying one 
grip. 

(3) MoiiaUe Member A movable 
member carrying a second grip. 

(J) Grips for holding the test 

specimen between the fixed member and 
the movable member. These must be 


of the self-aligning type, that is, they 
must be attached to the fixed and mov- 
able-member, respectively, in such a 
way that they will move freely into 
alignment as soon as any load is applied, 
so that the long axis of the test specimen 
will coincide with the direction of the 
applied puli through the center line of 
the grip' assembly. The test specimen 
shall be held in such a way that slippage 
relative to the grips is prevented insofar 
as this is physically possible. For most 
thermoplastic materials, grips, the sur- 
faces of which are deeply scored with a 
pattern similar to that of a coarse single- 
cut file, the serations being about *#2 in. 
apart and about ^ in. deep, have been 
found most satisfactory. Finer sera- 
tions have been found to be more satis- 
factory for harder, more brittle plastics, 
such as the thermosetting types. 

(4) Drive Mechanism . — A drive mech- 
anism for imparting to the movable 
member a uniform, controlled velocity 
with respect to the stationary member, 
this velocity to be regulated as specified 
in Section 7. 

(5) Load Indicator . — A suitable load- 
indicating mechanism capable of show- 
ing the total tensile load carried by the 
test specimen when held by the grips. 
This mechanism shall be essentially free 
from inertia-lag at the specified rate of 
testing and shall indicate the load with 
an accuracy of plus or minus 1 per cent 
of the indicated value, or better. The 
accuracy of the testing machine shall be 
verified in accordance with the Standard 
Methods of Verification of Testing Ma- 
chines (A.S.T.M. Designation: E 4) of 
the American Society for Testing Mate- 
rials^ (Note 7). 

iff) The fixed member, movable mem- 
ber,- drive mechanism, and grips shall 
be constructed of such materials and in 
such proportions that the total elastic 

* Appears in tliis publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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longitudinal strain of tlie system' con- 
stituted by tbese parts does not exceed 
one per cent of the total longitudinal 
strain between the two gage marks on 
the test specimen at any time during 


It is ' desirable, but not essential, that 
this instrument automatically record 
this distance (or any change in it) as a 
function of the load on the test speci- 
men or of the elapsed time from the 



Dimension, in. 

Thickness, T, in.** 

Tolerances, 

in. 

M in. or under 

Over M to 3*^ in., incl. 

Over H to 1 
in., incl. 


Type I 

Type II* 

Type I 

Type II« 

Type I 


C— Width overall ^ 

0.750 

0.750 

1.125 

1.12S 

1.500 

dbO.016 

W— Width of fiat section®* ^ 

0.500 

0.250 

0.750 

0.375 

1.000 

±0.010 

F — Length of flat section. 

2.25 

2.25 

2.25 

2.25 

2.25 

±0.016 

G — Gage length® 

2.00 

2.00 

2.00 

2.00 

2.00 

±0.016 

B — Distance between grips® 

4J4 

% 

4H 


5k' 

±k 

L — Length overall 



9M 

iOM 

12 

minimum 

Ead.— Radius of fillet 

3 

3 

3 

... 5 ' 

3 

minimum 


“ The width at the center Wc shall be plus 0.000 in., minus 0.004 in. compared with width W at other parts of the 
reduced section. Any reduction in W at the center shall be gradual, equally on each side so that no abrupt changes in 

: -..ii*. 


aimensJLoii rcsuii.. , - . . , „ , 

^ For molded specimens, a draft of not over 0.005 m. may be allowed for the specimens 0.125 m. m thickness, and this 
should be taken into account when calculating width of the .specimen. Thus, the cross-section of the molded specimen 
would be as follows: 



„ « Test marks only. 

“ Thickness, T, shall be 0.125 db 0.015 in. for molded specimens and for other specimens where possible.^ If speci- 
mens are machined from sheets or plates, thickness, T, may be the thickness of the sheet or plate provided this does not 
e.xceed 1 in. For sheets of nominal thickness greater than 1 in. the specimens shall be machined to 1,000 ±. 0.010 in. in 
thickness. For sheets of nominal thickness between 1 and 2 in. approximately equal amounts shall be machined from 
each surface. For thicker sheets both surfaces of the specimen shall be machined and the location of the specimen with 
reference to the original thickness of the sheet, shall be noted. ‘Tolerances on thickness less than 1 in, shall be those 
standard for the grade of material tested. . , . , . 

® Type I specimens shall be used whenever possible. Type II specimens shall be used only for materials with which 
the Type I specimen does not give satisfactory breaks in gage length, such as resin-impregnated compressed laminated 
wood, ' ' ' 

Fig. 1 . — Tension Test Specimens for Sheet, Plate, and Molded Plastics. 

the test and at any load up to the rated start of the test, or both. This instru- 
capacity of the machine. ment shall be essentially free of inertia 

(b) Extension Indicator.— K suitable lag at the specified rate of loading, and 
instrument for determining the distance shall be accurate to plus or minus one 
between two fijced points on the test per cent of strain or better, 
specimen at any time during the test. (c) Microjweiers.— Suitable microm- 
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eters, reading to at least 0.001 ± 0,000 
ill. , for measuring the width and thick- 
ness of the: test specimens. 

(d) Oven and Desiccators . — A circula- 
tion air oven, adjustable to 50. ± 3 C. 

. (122 . ± 5 F.) , and desiccators containing 
anhydrous calcium chloride (or other 
suitable desiccant) are required for con- 
ditioning some materials. 

Test Specimen 

4. (a) Sheet, Plate, and Molded Plas- 
tics —The test specimen shall conform 
lo the dimensions shown in Fig. 1. This 
specimen may be prepared by machining 
operations from materials in sheet, plate, 
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Fio. 2.— Tension Test Specimens for Tubes. 


slab, or similar form, or it may be pre- 
pared by molding the material to be 
tested. 

(b) Tubes , — The test specimen shall be 
as shown in Fig. 2. The length shall be 
10 in. plus four times the inside diam- 
eter. When the wall thickness of the 
tube is I in. or greater, a groove 2 J in. 
in width in the flat portion and in. 
in depth, with corners rounded to a 
radius of 3 in., shall be machined around 
the outside of the specimen at the center. 
Steel or brass plugs, having diameters 
such that they will fit snugly inside the 
tube and having a length of 2 in. plus 
twice the diameter, shall be placed in the 
ends of the specimen to prevent crushing. 


They* can be located in^ the tube con- 
veniently by separating and supporting 
them on a metal rod, the lower end of 
which is screwed into the lower plug 
and the upper end of which rests loosely 
in a socket. Details ' of plugs and test 
assembly are shown in Fig. 2. 

(c) Rods . — The test specimen as shown 
in Fig. 3 shall be about 12 in. in length. 
When the diameter of the rod is J in. 
or greater, a groove 2| in. in width in the 
flat portion and ^ in. in depth, with 
corners rounded to a radius of 3 in., 
shall be machined around the specimen 
at the center. 

(d) All surfaces of the specimen shall 
be free from visible flaws, scratches, or 
imperfections. Marks left by coarse 

Jaws Plot to Extend 
Beyond this Limit 



1 ^3''rad. 
i\ 





l2“Min. — -4 


Fig. 3. — Tension Test Specim^ens for Rods. 


machining operations shall be carefully 
removed with a fine file or abrasive and 
the filed surfaces shall then be smoothed 
with abrasive paper (No. 00 or finer). 
The finishing sanding strokes shall be 
made in a direction parallel to the long 
axis of the test specimen. Ail flash 
shall be removed from a molded speci- 
men, taking great care not to disturb the 
molded surfaces. In machining a speci- 
men, undercuts that would exceed the 
dimensional tolerances shown in Fig. 1 
shall be scrupulously avoided. Care 
shall also be taken to avoid other com- 
mon machining errors, such as those 
shown in Fig, 8 of the Standard Methods 
of Tension Testing of . Metallic Materials 
(A,S.T.M. Designation: E 8 “36) of the 
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American Society for Testing Materials.® 
(Note s.) ^ 

(e) If it is necessary to place gage 
marks on the specimen, this shall be 
done with a soft, fine wax crayon or with 
India ink. Gage marks shall not be 
scratched into the surface of the speci- 
men with a sharp instrument, because 
this causes weakness and premature 
fracture as a result of concentrations of 
stresses. ■ 

(/) When testing materials that may 
be suspected of anisotropy, duplicate 
sets of test specimens shall be prepared 
having their long axes respectively 
parallel with, and normal to the suspected 
direction of anisotropy. (Note 8.) 

Conditioning 

5. (a) Plastic materials may be pre- 
conditioned for testing under either 
*‘dry’^ or '^standard” atmospheric con- 
ditions. (Note 9.) In general, the 
preconditioning method is chosen on the 
basis of the rapidity with which the ten- 
sile properties of the material in question 
vary with changes in atmospheric hu- 
midity and temperature. Thus, it is 
known that the tensile properties of 
cellulose derivatives and of some poly- 
vinyl acetal resins change with compara- 
tive rapidity when subjected to rapidly 
changing temperature or humidity, 
whereas the tensile properties of polysty- 
rene, polymethacrylic acid esters, phenol- 
formaldehyde, and urea-formaldehyde 
plastics are only slowly affected by such 
atmospheric changes. Hence, the latter 
group of materials has most frequently 
been prepared for testing by “dry’^ 
preconditioning methods, whereas the 
former group has most frequently been 
prepared by “standard” preconditioning 
methods. 

ip) ^^Siandari^l Conditioning Pro- 
cerfwre.— Specimens shall be precondi- 
' tioned for at least 14 days in an enclosure 
maintained at 25 db 1 C. (77 dh 2 F.) and 

» 1939 Book of A.S.T.M. Standards, Part I, p. 750. 


m' 

so db 2 per cent relative humidity prior 
to testing. The actual tests shall be 
conducted, at the same' atmospheric 
conditions. (Note 10.) 

(r) “Dry’’ Conditioning Frocedure,— 
Specimens shall be preconditioned for a 
period of 48 hr. in a circulating air oven 
at a temperature of SO d= 3 C. (122 dz 
5 F.), They shall then be removed 
from the oven, cooled in a desiccator 
over anhydrous calcium chloride (or an 
equivalent desiccant) for a period of at 
least 16 hr. prior to testing. The test 
shall be conducted in an enclosure main- 
tained at 25 db 1 C. (77 db 2 F.) and 
so db 2 per cent relative humidity. A 
definite time interval, previously decided 
upon by cooperating laboratories, shall 
be allowed to elapse between removal of 
the specimens from the desiccator and 
the application of load in the test. 

(d) Special conditioning procedures 
may be used by agreement between co- 
operating laboratories. 

(e) If no conditioning method is speci- 
fied, the “standard” conditioning pro- 
cedure shall be used (Note 11). 

Number of Test Specimens 

6. (a) At least five specimens shall be 
tested for each sample in the case of 
isotropic materials. 

(b) Ten specimens, fivenormal to, and 
five parallel with the principal axis of 
anisotropy, shall be tested for each 
sample in case of anisotropic materials. 

(c) Specimens that break at some 
obvious fortuitous flaw or that do not 
break between the predetermined gage 
marks shall be discarded and retests 
made, unless such flaws constitute a 
variable the effect of which it is desired 
to study. 

(d) Results that deviate from the 
mean value of all tests should be re-: 
jected if the deviation of the doubtful 
value is more than five times the aver- 
age deviation from the mean obtained 
by excluding the doubtful value. Such 
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doubtful values shall be discarded and 
retests madCj unless the degree of varia- 
bility is a factor that is being studied. 

Speed of Testing' ^ 

7, (a) Speed of testing is the velocity 
of separation of the two members (or 
grips) of the testing machine when run- 
ning idle (under no load) . 

(b) The standard speed of testing 
shall be 0.20 to 0.25 in. per min. 

(c) If load-deformation data are being 
taken, as for determination of elastic 
modulus or for study of the initial por- 
tion of the stress-strain curve, the speed 
of testing shall be 0.05 in. per min. until 
the “yield point” is reached. The ex- 
tension recorder shall then be removed, 
the rate of crosshead movement in- 
creased to the standard speed of 0.20 
to 0.25 in. per min., and maintained at 
that speed until failure of the specimen. 
(Notes 12 and 13.) 

Procedure 

8. (a) The actual testing shall be 
carried out in an atmosphere maintained 
at 25 ± 1 C. (77 =1= 2 F.) and 50 ± 2 per 
cent relative humidity, 

(6) The width and thickness of the 
flat specimen (Fig. 1) shall be measured 
to the nearest 0.001 in. at several points 
along its length. The diameter of rod 
specimens, and the inside and outside 
diameters of tube specimens, shall be 
measured to the nearest 0.001 in. at a 
minimum of two points 90 deg. apart; 
these measurements shall be made at the 
groove for specimens so constructed. 
Record the minimum values of cross- 
sectional area so determined. Plugs 
shall be used in testing tube specimens 
as shown in Fig. 2. 

(c) The specimen shall be placed in 
the grips of the testing machine, taking 
care to align the long axis of the speci- 
men and the grips with an imaginary 
line joining the points of attachment of 
the grips to the machine. There shall 
be allowed 0.25 in. between the ends of 


the gripping surfaces and the shoulders 
of the fillet of the flat test specimen ; 
thus, the ends of the gripping surfaces' 
should be 4.5 in. apart, as shown in Fig. 1, 
at the start of the test. The .location 
for the grips on tube and rod specimens 
shall be as shown in Figs. 2 and ,3. 
The grips shall be tightened evenly 
and firmly to the degree necessary to 
prevent slippage of the specimen during 
the test but not to the point where the 
specimen w'ould be crushed. 

(d) If stress-strain data are desired the 
procedure shall be as follows : 

(1) Attach the extension recorder. 

(2) Set the speed control at 0.05 in. 
per min. and start the machine. 

(3) Record loads and corresponding 
deformations at appropriate even inter- 
vals of strain. 

(4) Record the load carried by the 
specimen when the strain reaches 0.02 
and the elapsed time from the start of 
the test until this point is reached. If 
rupture occurs before the strain reaches 
0.02, record the elapsed time from the 
start of the test until the specimen 
breaks. 

(5) After the “yield point” has been 
reached (or after the strain has passed 
0.02), increase the speed to 0.20 to 0.25 
in. per min. and allow the machine to 
run at this speed until the specimen 
breaks. 

(6) Record the maximum load carried 
by the specimen during the test (usually 
this will be the load at the moment of 
rupture). 

(7) Record the extension at the mo- 
ment of rupture of the specimen. 

(e) If only tensile strength and elon- 
gation data are desired, the procedure 
shall be as follows : 

(1) Set the speed control at 0.20 to 
0.25 in. per min; and start the machine. 

(2) Record .the load carried, by the 
specimen when the strain reaches 0.02 
and the elapsed time from the start of 
the test until this point is reached. If 
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rapture occurs before the' strain reaches 
0.02 j record the elapsed time from the 
start ■ of the dest^ until ■ the specimen 
breaks. : 

(J) Record the maximum load carried 
by the specimen during the test (usually 
this will be the load at the moment of 
rupture). 

(4) Record the extension at the mo- 
ment of rupture of ' the ' specimen. 

Calculations 

9. (a) Tensile Strength shall be calcu- 
lated by dividing the maximum (or 
breaking)’ load in pounds by the original 
minimum cross-sectional area of the 
specimen in square inches. The result 
shall be expressed in pounds per square 
inch and reported to thre€ significant 
figures, 

(6) Percentage Elongation shall be 
calculated by dividing the extension at 
the moment of rupture of the specimen 
by the original distance between gage 
marks and multiplying by one hundred. 
The percentage elongation shall be 
reported to two significant figures. 

(c) Mean Rate of Stressing shall be 
calculated by dividing the tensile load 
carried by the specimen when the strain 
reaches 0.02 or at the moment of rup- 
ture, whichever occurs first, by the 
original minimum cross-sectional area 
of the specimen, and then dividing this 
result by the time in seconds, measured 
from the beginning of the test, required 
to attain, this tensile load and strain. 
The result shall be expressed in pounds 
per square inch per second and reported 
to three significant figures. 

(d) Mean Rate of Straining shall be 
' calculated from a strain-time curve, 
plotted for the purpose, by selecting any 
convenient point on the curve and divid- 
ing the strain': represented by the point 

, by the corresponding time. The result 
shall be .expressed as a dimensionless 
ratio per second (units per second) and 
reported to three significant figures. 

(e) Elastic Modulus shall be calcu- 


lated by drawing a tangent to the initial: 
linear portion of the stress-strain curve, 
selecting any point on this straight iine 
and dividing the tensile stress (nominal), 
represented by the point by the corre- 
sponding strain. The result shall be 
expressed in pounds per square inch and 
reported to - three significant-' figures. 
(Note 14.) 

(/) For each series of tests, the arith- 
metic mean of all values obtained shall 
be calculated to three significant figures 
and reported as the ^'average value” for 
the particular property in questio?^- 
(g) The deviation of each value from 
the “average value” shall be calculated 
and the arithmetic mean of these devia- 
tions determined. This arithmetic mean 
shall be reported to two significant 
figures as the “average deviation” of the 
particular series of results. 

Report 

10. The report shall include the fol- 
lowing: 

(i) Complete identification of the 
material tested, including type, source, 
manufacturer’s code numbers, form, 
principal dimensions, previous history, 
etc., 

(i) Method of preparing test speci- 
mens, 

(J) Type of test specimen and di- 
mensions, 

(4) Conditioning procedure used, 

(5) Atmospheric conditions in test 
room, 

{6) Number of specimens tested, 

(7) Speed of testing, 

(^) Mean rate of stressing as calcu- 
lated in Section 9 (c), “ 

(P) Mean rate of straining as calcu- 
lated in Section 9 (d), 

(i(?) Tensile strength, average value 
and average deviation, 

(ii) Percentage elongation, average 
value and average deviation, 

{IZ) Elastic modulus, average value 
and average deviation, and 
{13) Date of test. 
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Note l.—TMs metliod is not well adapted 
to tlie testing of plastics in the form of thin 
sheets or films; a method for the testing of such 
forms is given in the Tentative Method of Test 
for Tensile Properties of Thin Plastic Sheets 
and Films (il,S.T,M. Designation: D 882).f 
Neither is this method particularly suitable for 
the testing of rubber or xubber-hke polymers 
(elastomers), although the position of such mate- 
rials as organic plastics is recognized. 

Note 2,— This method may be used for test- 
ing phenolic resin molded or laminated materials 
where comparative results are desired. How- 
ever, where correlation with previous data is an 
object, svch materials should be tested in accord- 
ance with the following methods of the American 
Society for Testing Materials: 

Tentative Methods of Testing Molded Mate- 
rials Used for Electrical Insulation 
(A.S.T.M. Designation: D48),^ 

Standard Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(A.S.T.M. Designation: D 229) and 

Tentative Method of Test for Tensile 
Strength of Molded Electrical Insulating 
Materials (A.S.T.M. Designation: D 651).^ 

Note 3. — It is realized that a material can 
not be tested without also testing the method of 
preparation of that material. Hence, when 
comparative tests of materials per se are desired, 
the greatest care must be exercised to insure that 
all samples are prepared in exactly the same way. 
Similarly, for referee or comparative tests of any 
given series of specimens, care must be taken 
to secure the maximum degree of uniformity in 
details of preparation, treatment, and handling. 

Note 4. — ^This method is not intended to cover 
precise physical procedures. It is recognized 
that the constant-rate-of-crosshead-movement 
type of test leaves much to be desired from a 
theoretical standpoint, that wide differences may 
exist between rate of crosshead movement and 
rate of strain between gage marks on the speci- 
men, and that the testing speeds specified dis- 
guise' important effects characteristic of mate- 
rials in the plastic state. Further, it is realized 
that variations in the thicknesses of test speci- 
mens, which are permitted by these procedures, 
produce variations in the surface-volume ratios 
of such specimens, and that these variations may 
influence the test results. Hence, where directly 
comparable results are desired, all samples 
should be of equal thickness. Special additional 
tests should be used where more precise physical 
data are needed. 


Note 5. — is realized that “mean rate of 
stressing” as defined in these methods has only 
limited physical significance. It does, however, 
roughly describe the average rate at which most 
of the stress carried by the test specimen is 
applied and for that portion of the stress-strain 
curve in which principal stressing occurs. It is 
affected by the elasticity of the materials being 
tested but is fairly accurately determined by the 
method described. It can, if desired, be deter- 
mined more precisely by calculation from load- 
time data, recorded especially for the purpose 
during a test. 

Note 6.— Since the existence of a true elastic 
limit in plastics, as in many other organic mate- 
rials and in many metals, is debatable, the pro- 
priety of applying the term “elastic modulus” in 
its quoted generally accepted definition to. de- 
scribing the “stiffness” or “rigidity” of a plastic 
has been seriously questioned. The exact stress- 
strain characteristics of plastic materials are 
highly dependent on such factors as rate of 
application of stress, temperature, previous 
history of specimen, etc. However, stress-strain 
curves for plastics determined as described in this 
method almost always show a linear region at 
low stresses, and a straight line drawn tangent 
to this portion of the curve permits calculation 
of an elastic modulus of the usually defined type. 
Such a constant is useful if its arbitrary nature 
and dependence on time, temperature, and 
similar factors is realized. 

Note 7.-~Experience has shown that many 
testing machines now in use are incapable of 
maintaining accuracy for as long as the periods 
between inspection recommended in Stand- 
ard Methods E4.* Hence, it is recommended 
that each machine be studied individually and 
verified as often as may be found necessary. It 
will frequently be necessary to perform this func- 
tion daily. 

Note 8. — Before testing, all .transparent 
specimens should be given a polariscopic inspec- 
tion and those which show atypical or concen- 
trated strain patterns should be rejected unless 
these “initial” strains constitute a variable the 
effect of which it is desired to study. 

Note 9. — ^In general, the Tentative Methods 
of Conditioning Plastics and Electrical Insulat- 
ing Materials for Testing (A.S.T.M. Designation: 
D 618) of the American Society for Testing 
Materials^ will be found useful. 

■ ■ ' Note 10.-— In cases of extreme urgency, where 
the 14-day conditioning period is intolerable, the 
conditioning may, by agreement between co- 
operating laboratories, be reduced to a minimum 
of 48 hr. 
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Note ll.—It is obvions that wben exact com- 
parative ' tests are desired, comparable condi- 
tioning procedures should be employed. It is 
urged that ^‘standard^*' conditions be employed- 
for all tests intended for data, specification, or 
amilar purposes, In so far as this is practicable. 

Note 12, — Such composite tests should not 




(o) Incorrect. (b) Correct. 

Fig. 4.^ — Measuring Strain from Stress- Strain 
Diagram. 

be made when exact data on tensile strength and 
elongation are desired. Such tests should be 
made at the standard speed of 0.20 to 0.25 in. per 
min, from beginning to the end of the test. 

Note 13. — Where correlation with previous 
data or with other methods, for example, the 
Standard Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(A.S.T.M. Designation: D 229) of the Ameri- 
can Society for Testing Materials,'^ is desired, 
materials of low ductility, such as molded or 


laminated thermosetting materials, may be 
tested at a speed of 0.05 in.' per min., but this 
should be stated in the report. 

Note 14.— Since stress-strain data are rela- 
tively inaccurate at low values of stress and 
strain (near the start of the test), the truly linear 
portion of the curve usuaEy will not pass through 



Fig. 5. — Modulus Calculations from Stress-Strain 
Diagram. 

the origin. Care must be exercised to draw a 
straight line which truly represents the slope 
of the curve below the elastic limit and to meas- 
ure strain values from the point at which this 
line intersects the zero stress axis for modulus 
calculations (see Fig. 4). Alternatively, a true 
modulus line may be drawn through the linear 
portion of the curve, a second line, parallel to 
this line, may then be constructed through the 
origin, and values of stress and strain for modulus 
calculations may be obtained therefrom (see 
Fig. 5). 


(See Appendix, p. 908) 
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APPENDIX 

Definitions OF Terms and Symbols Relating to Tension Testing of Plastics 


' Definitions 

, 1. Tensile Strength h the maximum tensile 
load per unit area of original cross-section, within 
the gage boundaries, required to break a test 
specimen, (“Tensile load^^ is interpreted to 
mean the maximum tensile load sustained by 
the specimen during the test, whether or not this 
coincides with the tensile load at the moment of 
rupture.) It is expressed in pounds per square 
inch, 

2. Trm Ultimate {or Tensity Strength is the 
tensile load per unit of minimum cross-sectional 
area within the gage boundaries, measured at 
the moment of rupture, required to break a test 
specimen. It is expressed in pounds per square 
inch. 

3. Tensile Stress (nominal) is the tensile load 
per unit area of original cross-section, within the 
gage boundaries, carried by the test specimen at 
any given moment. It is expressed in pounds 
per square inch. 

4. Trm Tensile Stress is the tensile load per 
unit of minimum cross-sectional area within the 
gage boundaries carried by the test specimen at 
any given moment. It is expressed in pounds 
per square inch. 

5. Extension is the change in length produced 
in a longitudinal section of a test specimen, 
measured between lixed gage points on the speci- 
men, by a tensile load. It is expressed in 
inches, 

6. Strain is the ratio of the extension to the 
original length of the measured elongating sec- 
tion of the test specimen, that is, the change in 
length per unit original length. It is expressed 
as a dimensionless ratio. (Also known as Longi- 
tudinal Tensile Strain.) 

7. Unit Extension is synonymous with Strain. 

Ultimate Extension is the extension re- 
corded at the moment of rupture of the test 
specimen. 

9. Ultimate Strain is the unit extension re- 
corded at the moment of rupture of the test 
specimen. 

10. Ultimate Unit Extension is synonymous 
with Ultimate Strain. 

11. Percentage Elongation is the extension 
recorded at the moment of rupture of the specie 
men expressed as a percentage of the original 
length of the measured elongating section. It is 
equal to one hundred times the strain measured 
at the moment of rupture of the specimen. 

12. Perce7itage Ultimate Extension m synony- 
mous 'with Perce^ttage Elongation. 


13. Nominal Reduction of Area is the dif- 
ference between the original cross-sectional area 
of the test specimen and the cross-sectional area 
measured at the point of rupture after breaking 
the specimen in tension. , It is expressed in 
square inches. 

14. Nominal Unit Reduction of Area is the 
ratio of the nominal reduction in area, to the 
original cross-sectional area of the test specimen, 
that is, the nominal reduction in area per unit 
original cross-sectional area. It is expressed as 
a dimensionless ratio. 

15. Nominal Percentage RedticUon of Area is the 
nominal reduction in area expressed as a per- 
centage of the original cross-sectional area of tlie 
specimen. It is equal to the Nominal Unit 
Reduction in Area multiplied by one hundred. 

16. True Reduction of Area is the difference 
between the original cross-sectional area of the 
test specimen and the minimum cross-section 
area within the gage boimdries at the moment of 
rupture in tension. It is expressed in square 
inches. 

17. True Unit Reduction of Area is the ratio 
of the true reduction in area to the original cross- 
sectional area of the test specimen; that is, the 
true reduction in area per unit original cross-sec- 
tional area. It is expressed as a dimensionless 
ratio. 

18. Trtw Percentage Reduction of Area is, the 
true reduction in area expressed as a percentage 
of the original cross-sectional area of the speci- 
men. It is equal to the True Unit Reduction in 
Area multiplied by one hundred. 

19. Tefisile Stress-Strain Curve is the curve 
obtained by plotting Tensile Stresses as ordinates 
against corresponding Longitudinal Tensile 
Strains {Unit Exieftsions) as abscissas for the 
entire course of a tension test. 

20. True Tensile Stress-Strain Curve is the 
curve obtained by plotting True Tensile Stresses 
as ordinates against corresponding LongUudinal 
Tensile Strains {Unit Extensions) as abscissae 
for the entire course of a tension test. 

21. Upper Yield Stress is the first stress 
asymptote on the stress-strain curve (whether 
nominal or true stress should be stated) at which 
the slope of the curve becomes zero, that is, 
where the tangent to the curve becomes hori- 
zontal, when the test is conducted on a machine 
having a constant rate of crosshead move.ment. 

,22. Lower Yield Stress is the second stress 
asymptote on the stress-strain , curve, (whether 
nominal stress or true stress should be stated) 
at 'which the, slope .of ..the curve : becomes zero, 
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that is, where the tangent to the curve becomes 
horizontal, when the test is con'dticted on a 
macMne having a constant rate of crosshead 
movement. 

Note. — ^A t the Upper Yield Stress the 
stress-strain curve is concave downward; at 
the Xoze^er Yield Stress the stress-strain curve 
is concave upward. 

23. Offset Yield Stress is the stress at which 
the stress-strain curve departs from linearity 
by a specified percentage of deformation (off- 
set) . The method for determining the offset 
yield stress is prescribed in the Standard Defini- 
tions of Terms Relating to Methods of Testing 
(A.S.T.M. Designation; E under definition 
of yield strength, Paragraph 2 (a) on ‘‘Offset 
Method.” The amount of offset shall always 
be stated, for example, 0.2 per cent offset yield 
stress. 

24. Rate of Loading is the variation in tensile 
load carried by the specimen per unit time. It 
is expressed in pounds per second. 

25. Rate of Stressing is the variation in tensile 
stress per unit time. It is expressed in pounds 
per square inch per second. 

26. True Rate of Stressing is the variation in 
true tensile stress per unit time. It is expressed 
in pounds per square inch per second. 

Note. — ^At the nominal plastic >’ield stress 
the instantaneous nominal rate of stressing 
becomes zero, but the instantaneous true rate 
of stressing may continue to have a positive 
value if the cross-sectional area is decreasing. 

27. Mean Rate of Stressing is defined, for 
report purposes, as the Tensile Stress at which 
tlie Strain is 0.02, or at the moment of rupture if 
this occurs at a strain below 0.02, divided by the 
time required for tlie attainment of this stress, 
measured from the beginning of load application. 
It is expressed in pounds per square inch per 
second. 

28. Mean True Rate of Stressing is defined, 
for report purposes, as the True Tensile Stress 
at which the Strain is 0.02, or at the moment of 
rupture if this occurs at a strain below 0.02, 
divided by the time required for the attainment 
of this true stress, measured from the beginning 
of load application. It is expressed in pounds 
per square inch per second, 

29. Rate of Straining is the variation in longi- 
tudinal tensile strain per unit of time. 

NoTE.—It is not synonymous with rate of 
crosshead movement. 

30. Elastic Limit is the greatest tensile stress 
which a material is capable of carrying without 
a permanent deformation remaining upon com- 
plete release of the stress. 

31. Elastic Modulus is the ratio, within the 
elastic Hmit of a material, of stress to corre- 
sponding strain. 


Symboes, 

32. The following symbols .may be used' for 
the above terms: 

W ^ Weight load, 

AW = Increment of weight load, 

L = Distance between gage marks at any 
time, 

Lo = Original distance between gage marks, 
Lu = Distance between gage marks at mo- 
ment of rupture, 

AL — Increment of distance between gage 
marks = extension, 

A = Minimum cross-sectional area at any 
time, 

Ao Original cross-sectional area, 

AA = Increment of cross-sectional area, 

Au — Cross-sectional area at point of rup- 
ture, measured after breaking speci- 
men, 

At — Cross-sectional area at point of rup- 
ture, measured at the moment of 
rupture, 
t = Time, 

At — Increment of time, 

<T = Tensile stress, 
ott = True tensile stress, 

(Tu = Ultimate (or tensile) strength, 

<rvT ~ True ultimate (or tensile) strength, 

6 = Strain (= unit extension), 
eu = Ultimate strain (=* ultimate unit ex- 
tension), 

%El =■ Percentage elongation = percentage ul- 
timate extension, 

P.y.S. (u) = Upper yield stress (nominal), 

P.y .S. (X) = Lower yield stress (nominal) , and 
E = Elastic modulus. 


33. Relations between these various terms 
may be defined as follows: 
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Tentative Method of Test for 

TENSILE PROPERTIES OF THIN PLASTIC SHEETS AND 

FILMS» 



A,S.T.M. Designation: D 882 -46 T ■ 

ISSHED, 1946.2 

TMs Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope. 

, 1. This method covers, a „ test for use 
in determining the tensile properties of 
organic, plastics in the. form of relatively 
thin sheets or films (less than 0.020 in. in 
thickness) y when tested under defined 
conditions of pretreatment, temperature,' 
humidity, and rate of stressing by a 
constant-rate-of-load method. It is not 
intended for use in testing rubber-like 
materials whose percentage elongation is 
greater than approximately 350 (Note). 

Note. — Such materials may be tested in 
accordance with the Standard Methods of Ten- 
sion Testing of Vulcanized Rubber (A.S.T.M, 
Designation: D 412).® 

Definitions of Terms 

. 2. {a) Tensile (nominal) is the 
tensile load per unit area of original 
cross-section, within the gage boundaries, 
carried by the test specimen at any time 
during a tensile test. It is expressed in 
pounds per square inch. 

t Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-20 on Plastics. 

* Accepted by the Society at annual meeting, June, 
1946. ", 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(b) Extension is the change in length 
produced in longitudinal section of a 
test specimen, measured between fiixed 
gage points on the specimen, by a tensile 
load. It is expressed in inches. 

ic) Sir am (or Unit Extemion} is the 
ratio of the extension to the original 
length of the measured elongating section 
of the test specimen, that is, the change 
in length per unit of original length. It 
is expressed as a dimensionless ratio. 

(d) Tensile Strength is the maximum 
tensile load per unit area of original 
cross-section, within the gage boundaries, 
carried by a test specimen of the type 
herein described during a tension test. 
It is expressed in pounds per square inch. 

(e) Percentage Elongation is the exten- 
sion recorded at the moment of rupture 
of the specimen expressed as a percentage 
of the original length of the measured 
elongating section. It is equal to one 
hundred times the strain measured at the 
moment of rupture of the specimen. 

(/) Rate of Stressing is defined, for 
report purposes, as the rate of loading 
(Note) divided by the original cross- 
section of the specimen. It is expressed 
in pounds per square inch per minute. 
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Note .—The rate of loading may be 
determined for tbe constant rate of loading 
type machine (as required for this test) by 
timing a test with a stop watch and dividing the 
final load, as recorded by the chart, by the time 
r|quired for the application of this load. Uni- 
formity of loading rate, throughout the range 
of the machine, should be verified by actual 
observation. 

(g) Elastic Modulus is the ratio within 
the proportional limit of stress to cor- 
responding strain. It is expressed in 
pounds per square inch. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Testing Machine . — Any suitable 
film testing machine of the constant rate 
of loading type. It should be equipped 
with a device for recording the tensile 
load carried by the specimen and 
recording the rate of jaw separation 
during the test. Both the stressing and 
recording mechanism should be essen- 
tially free from inertia lag at the specified 
rate of stressing, and frictional drag 
should be reduced to a minimum. The 
machine should indicate the load with an 
accuracy of plus or minus 2 per cent, or 
better. A device for varying the loading 
rate between approximately 50 and 
300 lb. per min. should be included 
(Noted). 

Note 1. — A machine of the til ting-table type 
has been found satisfactory. 

(5) Flat, smooth steel grips 

should be used where possible and tests 
should be started with the grips sepa- 
rated a distance of 2 in. (Note 2), 

Note 2, --Other types of gripping surfaces 
may be required for some types of plastics. 
For example, file-faced grips or grips lined with 
abrasive paper have been found necessary for 
some materials. Also it may be necessary in 
some cases to use an initiar grip spacing of less 
than 2 in. Neither of these variations should 
be used unless it is impossible to obtain satis- 
factory results with the conditions recommended. 


. (c) itficwwe/m.—Suitable microme- 
ters, or other thickness gages, reading to. 
0.0001 in. or less, for measuring the 
width and thickness of the test specimens. 

{d) Paper Outer , — -A suitable paper 
cutter or trimmer for trimmi,iig the 
specimens to tlie proper, .width. It is 
important that the, cutting edges of the 
cutter be kept sliarp and free from 
scratches or nicks. 

(e) Conditioning Apparak4S—Appa.m- 
tus for maintaining suitable atmospheric 
conditions, as defined in the Tentative 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (A.S.T.M. Designation: D 618).'^ 
Unless otherwise specifi.ed, the standard 
laboratory atmospheric condition of 25 
rbl C. (77 ±2 F.) and SO ±2 per cent 
relative humidity is rec[iurc<i 

Test Specimen 

4. (a) The test specimen sliail consist 
of a strip of uniform widtli and thickness, 
and 5 in. or more in length. 

(b) The widtli of tlie specimen shall be 
not less than 0.25 in, but not greater tluin 
1.0 in. and shall be cliosen so as to allow 
failure to occur well witliin the load 
capacity of tlie machine, A coml)i!iation 
of. cross-section and loading rate wliich 
gives the proper rate of stressing sliall lie 
selected. 

(c) A width-thickness ratio of g.re.ater 
than eight shall be used, if possible, since 
narrow strips em..phaslze the effect of 
edge strains or flaws inciir.red during 
cutting, 

(d) The utmost care shall be exercised 
in cutting strip specimens to prevent 
nicks and tears in ' the edges which 
might give .rise to premature fractures. 
The sheet shall be .held firmly, and close 
to the knife edge. The Blade shall be 
. drawn through the .sheet slowly but 
■ smoothly. The edges shall be parallel to 
within 2 per cent of the width. 

(e) Gage marks shall be placed on. the 
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specimen, in order to obtain reliable- 
elongation data (Note), This shall be^ 
done with' a ' soft, fine wax crayon, or 
with india ink, ■ Gage marks shall not 
be scratched onto the surface with a 
sharp instrument, because this causes 
weakness and premature fracture as a 
'result of stress concentration. 

' ' : Noxe.”— T he use of gage marks is necessary 
because materials with appreciable elongation 
pull away from the grips. As the specimen 
elongates, the accompanying reduction in area 
results in a loosening of material just inside the 
grips. This moves back into the grips as 
further elongation and reduction in area take 
place. 

(J) 111 testing materials which may be 
suspected of anisotropy, duplicate sets of 
test specimens shall be prepared having 
their long axis respectively parallel with 
and normal to the suspected direction of 
anisotropy. 

Conditioning 

5, Prior to testing, the specimens shall 
be conditioned in accordance with A.S. 
T.M. M:etbodsI)618. 

Number of Test Specimens 

6. (a) At least ten specimens shall be 
tested for each sample in the case of 
isotropic materials. 

(&) Twenty specimens, ten normal to 
and ten parallel with the principal axis of 
anisotropy, shall be tested for each 
sample in case of anisotropic materials. ■ 

(c') Results on specimens which break 
at some obvious chance flaw or which 
break in the grips shall be discarded and 
retests made, unless such failures con- 
stitute, a variable whose effect is being 
studied. 

(d) Results' on specimens which devi- 
ate markedly from the mean value of ail 
tests shall be rejected if the deviation of 
the doubtful value is more than five times 
the average deviation from the. mean 
value obtained by excluding the doubtful. 


result. Such doubtful results shall be: 
discarded and ' retests made .unless the 
degree of variability is a factor which is 
being studied (Note). 

Note. — For some materials whose prop- 
erties vary considerably throughout the 
sheet, as many as 50 specimen width from 
portions of the sheet shall be tested, if a reliable 
picture of properties is desired. 

Speed of Testing 

7. The rate of stressing (Section 2 (/)), 
shall be held between the limits of 15,000 
and 65,000 psi. per min. in aU tests. 
After an appropriate specimen width has 
been selected (Section 4 (J)), the desired 
stressing rate shall be obtained by vary- 
ing the loading rate until the ratio of 
loading rate to specimen cross-section is 
approximately 40,000 psi. per min. 

Procedure 

8. (a) A specimen width, shall be 
selected which will produce failure well 
within the load limit of the testing 
machine. If necessary, a few trial runs 
shall be made in order to make a proper 
selection. 

(6) The loading rate shall be set at a 
value such that it equals the product of 
the standard stress rate (15,000 to 65,000 
psi. per min.) and the cross-section (in 
square inches) of the specimen (Note 1). 


Note 1.— Recommended widths and loading 
rates are shown in the following table: 


Nominal 
Thickness of 
Film, in. 

Recom- 
mended 
Width of 
Specimen, 
in. 

Recom- 
mended 
Rate of ' 
Loading, 
lb. per 
min. 

Recommended 
■' Rate of . , 
Stressing, 
psi. per mm. 

0.003....... 

0.5 

60 

40000 

O.OOS....... 

O.S 

100 

40 000 

0.0075...... 

0.5 

150 

40 000 

0.010 

0.5 

200 

40000 

0.0125 

0,5 

250 

40 000 

0.015 

0.5 

300 

40 000 

0.020. . . . . . . 

0.375 

300 

40 000 


(c) The thickness and width' of .the 
specimen shall be measured, reading the 
thickness to^ the nearest 0.0001 in. ' or 
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better, and the width to 0.001 in, or 
better, at several points along its length. 
The minimnm cross-section found shall 
. .be recorded. 

(d) The test specimen shall be placed 
in the grips of the testing machine, 
taking care to align the long axis of the 
specimen with an imaginary line joining 
the points of attachment of the grips to 
the machine (Note 2). At least 1 in. of 
specimen shall be included in each grip. 
The grips shall be tightened evenly and 
firmly to the degree necessary to prevent 
unnecessary slipping of the specimen 
during the test; adjustment with a 
torque wrench to 50 in.-lb. is recom- 
mended. 

Note 2.— Great care in alignment is necessary 
to prevent failure by tearing rather than by true 
tension, and tests should be watched closely to 
make sure that tearing failures do not occur. 

{e) A light line shall be ruled with ink 
or crayon, across the specimen adjacent 
to the edge of either grip. 

(/) The recording pen shall be ad- 
justed so that it starts at the proper 
point on the load-extension chart. 

(g) While the specimen is being 
stressed, the displacement of the line de- 
scribed in Paragraph (e) shall be followed 
with respect to the edge of the grip with 
divider points, or other suitable devices. 
The value of this displacement shall be 
recorded at failure. This value shall be 
called the ^'correction factor.^^ 

Calculations 

9. (a) Breaking Load shall be cal- 
culated by dividing the maximum load in 
pounds by the original width of the 
specimen in inches. The result shall be 
expressed in pounds per inch of width 
and reported to three significant figures. 
The thickness of the film shall always be 
stated to three significant figures (Note 
1 ). 

Note 1.— This method of reporting is useful 
for very thin films (0.005 in. and less) for which 


breaking load may not be proportional to cross- 
■sectional area, and whose thickness may be 
difficult to determine with precision. 

(6) Tensile Strenglh shall be calculated 
hy dividing the maximum (or breaking) 
load in pounds by the original minimum 
cross-sectional area of the specimen in 
square inches. The result., .shall be 
expressed in pounds per square inch.. and' 
reported, to three significant figures... 

(c) The corrected extension shall be 
calculated by doubling the value of the 
"correction f actor (Section 8 (g)) and 
subtracting the result from the extension 
read from the chart. 

(d) Percentage Elongation shall be 
calculated by dividing the corrected 
extension at the moment of rupture of the 
specimen by the original distance be- 
tween grips and multiplying l)y one 
hundred. The percentage elongation 
shall be reported to two significant 
figures. 

(e) Stress-Strain Data may be obtained 
from, the load extension chart by selecting 
points on the recorded curve at equal 
load intervals, and calculating the cor- 
responding stresses by dividing the loads 
by the original cross-section. The strain 
for the selected points on the recorded 
curve shall be calculated as follows: 

(1) The ratio of the corrected extension 
at break as given in Paragraph (c) to the 
uncorrected extension at b.reak as read 
from the recorded curve on the chart 
shall be determined. 

(2) By assuming that the ratio of 
these two extensions is constant at any 
time during the application of the stress 
(Note 2), the strain corresponding to 
the chosen points on the recorded curve 
shall be calculated in the following 
manner: 


('Ext.).a , _ ALc 
(Ext)c"' ' Lc 


where: 
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A Lc = extension between grips taken 

from the recorded curve for 
any given load, 

(Ext,)a = corrected extension at break, 
(Ext.)c ~ uncorrected extension at 
break as determined from 
the recorded curve, and 
Lc = original length between grips. 

Note 2.— It is noted here that this assump- 
tion is of questionable validity. 

(/) Elastic Modulus shall be calculated 
by drawing a tangent to the initial 
linear portion of the stress-strain curve, 
selecting any point on this straight line 
and dividing the tensile stress (nominal) 
represented by the point by the cor- 
responding strain (Note 3). The result 
shall be expressed in pounds per square 
inch and reported to three significant 
figures. 

Note 3. — For the correct method of drawing 
the tangent to the stress-strain curve and for 
errors to avoid in this process, see Note 14 in 
the Tentative Method of Test for Tensile 
Properties of Plastics (A.S.T.M. Designation: 
D 6m)} 

{g) For each series of tests, the 
arithmetic mean of all values obtained 
shall be calculated to three significant 
figures and reported as the ^^average 
value’ ^ for the particular property in 
question, 

(A) The deviation of each value from 


the '.^average value’’ shall be calculated 
and the arithmetic mean of these devi- 
ations determined. This arithmetic 
mean shall be reported to two signijficaiit 
figures as the ^^average deviation” of the 
particular series of results. 

Report 

10. The report shall include the 

following: 

(i) Complete identification of the 
material tested, including type, source, 
manufacturer’s code numbers, form, 
principal dimensions, previous history, 
etc., 

{2) Method of preparing test speci- 
mens, 

(5) Thickness and width of test 
specimen, 

(4) Conditioning procedure used, 

(5) Atmospheric conditions in test 
room, 

(d) Number of specimens tested, 

(7) Rate of loading, 

(<?) Rate of stressing as defined in 
Section 2 (f), 

(P) Tensile strength or breaking load, 
average value and average deviation, 

{10) Percentage elongation, average 
value and average deviation, 

{11) Elastic modulus, average value 
and average deviation, and 

{12) Date of test. 



Tentative Methods of Test for 

TENSILE AND COMPRESSIVE PROPERTIES OF PLASTICS 
AT SUBNORMAL AND SUPERNORMAL TEMPERATURES » 



A.S.T.M. Designation: D 759 - 44 T . 

Issued, 1944.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Miiladeljihia 3, I'a. 


Scope 

L (a) These methods of test are in- 
tended for use in determining the tensile 
and compressive properties of organic * 
plastics at temperatures above and below 
the standard laboratory temperature. 

(J) These methods are not intended 
specifically for use in determining the 
effect of long continued exposure at 
elevated or reduced temperatures or of 
cyclic exposures to ranges of temperature, 
although they may be used for such 
special tests if desired. 

Apparatus 

2. The apparatus shall cc^isist of the 
following: 

(a) Testing Machine, ‘—The tension 
testing machine and its accessory equip- 
ment shall conform to the requirements 
specified in the Tentative Method of 
Test for Tensile Properties of Plastics 
(A.S.T.M. Designation: D 638)^ and the 
compression testing machine shall con- 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee B-20 on Plastics. 

2 Accepted by Committee E40 on Standards, January 
19, 1944. 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


form, to the requirements specified in 
the Tentative Method of Test for Com- 
prcvssive Strength of Plastics (A.S.T.M. 
Designation: D 695).® All mechanical 
parts of the apparatus which ate exposed 
to high or low temperatures during the 
test shall be adjusted to function nor- 
mally at these temperatures, and their 
accuracy shall be verified by calibration 
tests at the specified test temperatures. 
Verification shall be repeated as often 
as necessary to insure correct test 
readings. 

{b) Insulated Test Chamber,— An in- 
sulated test chamber, through which air 
is circulated at the desired temperature, 
to enclose the specimen during the actual 
test (Note). , This chamber shall .also 
enclose at least enough of the testing 
machine components, such as the tension 
grips or the comp,ression tool, to insure 
that .conduction of heat , through these 
components will. not materially' change 
the temperature of the .specimen from 
that of the test temperature. The tem- 
perature of the air in , the test chamber 
may be .regulated, by any convenient 
.means, (Note). 
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'.Note.— For detailed requirements covering 
enclosures for testing macMnes and servicing 
units for maintaining the desired temperature 
and conditions, reference should be made to the 
Tentative Specifications for Enclosures for 
S.mall Testing Machines for Tests at Subnormal 
and Supernormal Temperatures of Electrical 
Insulating Materials and Plastics (A.S,T.M. 
Designation: D 760)^ and the Tentative Spec- 
ifications for Servicing Units for Tests at Sub- 
normal and Supernormal Temperatures of 
Electrical Insulating Materials and Plastics 
(A.S,T.M. Designation; D 761 ).^ 

(c) Thermocouples or Thermmieters . — 
Thermocouples or thermometers placed 
adjacent to or as near as possible to the 
test specimens in the test and condition- 
ing chambers to indicate the temperature 
of the air immediately surrounding the 
specimen. 

{£) Preconditioning Oven— A. circula- 
tion air oven, adjusted at 50 dz 3 C. 
(122 dr 5 F.) for preconditioning test 
specimens. 

{e) Desiccators,— Desiccsitors contain- 
ing anhydrous calcium chloride (or other 
suitable desiccant) for storage of the 
preconditioned specimens. 

(/) Conditioning Chamber.— K chamber 
for conditioning the specimen at the de- 
sired test temperature prior to testing. 
The conditioning shall be done either in 
an insulated storage chamber of the cir- 
culation air type or in the insulated test 
chamber. If the specimens are condi- 
tioned in the insulated test chamber they 
shall be placed on a wire-mesh rack or 
other suitable support during the con- 
ditioning period. 

Test Specimens 

,3. The tension test specimens shall con- 
form to .the requireme.nts specified in 
A.S.T.M. Method D 638. The com- 
pression test specimens shall conform to 
the requirements specified in. A.S.T.M. 
Method D 695. 


Conditioning 

4. {a) Preconditioning.— Mi test speci- 
mens shall be preconditioned (Note 1) in 
accordance with Functional Procedure A 
of the Tentative Methods of Conditioning 
Plastics and Elect;rical Insulating Mate- 
rials for Testing (A.S.T.M, Designation: 
D618).3 

Note 1 . — At the higher temperatures, tests 
will necessarily be on the basis of dried speci- 
mens, regardless of the type of preconditioning. 
Consequently, in order that tests at all tem- 
peratures be made on the same basis so far as 
moisture content is concerned, a preconditioning 
treatment which removes all moisture for all 
types of materials is specified. 

(5) Test Conditions. — The test speci- 
mens shall be placed in the insulated 
conditioning or test chamber, thi’ough 
which air at the desired temperature is 
circulating, and allowed to remain until 
in thermal equilibrium with the con- 
ditioning atmosphere (Note 2). 

Note 2, — Suggested minimum conditioning 
times are 1 hr. for specimens less than 0.25 in. 
in thickness or 2 hr. for specimens greater than 
0.25 in. in thickness. 

Procedure 

5. Conditioned samples shall be re- 
moved from the conditioning chamber 
and placed as rapidly as possible in the 
tension grips or between the compression 
platens of the testing machine. This 
entire transfer shall not require longer 
than 30 sec. After thermal equilibrium 
has been restored, the specimen shall be 
tested in tension in accordance with 
A.S.T.M. Method D 638 or in compres- 
sion in accordance with the A.S.T.M. 
Method D 695. 

Report 

6. The report shall include the infor- 
mation specified in A.S.T.M, Method 
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D 638 for : tension tests or A.S-.T.M. 
Method D 695' for compression tests, 
and; in .addition' the following: 

■ (i) Mean temperature in the test en- 
"dosure, 

■ (2) Maximum temperature in the test 
enclosure at any. . time, 


( 3 ) Minimum temperature in the test 
enclosure at any time, 

( 4 ) Average deviation, from the, mean 
temperature in the test enclosure during, 

the test, and 

(5) Any pertinent information on time 

of conditioning. 



Tentative Method for 
LONG-TIME TENSION TESTS OF PLASTICS' 



A.S.T.M. Designation: D674~46T 
Issued, 1942; Revised, 1946,^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, id) Tliis method covers the deter- 
niinatioii of the amount of extension of 
plastics due to the combined effects of 
tensile stress, time, temperature, and 
relative humidity, when tested in the 
form of specimens of standard shape. 

(b) The details of this method are 
largely advisory, since the characteristics 
of a plastic as to its resistance to exten- 
sion are not, well known. For reference 
or comparative tests of any given series 
of materials or specimens, care shall be 
taken to secure the maximum degree of 
uniformity in details .of preparation, 
treatment, .and handling. 

Significance of Test 

2. The engineering significance of data 
obtained by long-time tension tests is ■ 
not presently known. 

D.efinitions 

,, 3. {a) UUimate (or Tensile) Strength 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee ,D~20 on Plastics. 

2 Revision accepted by the Society at annual meeting, 
June, 1946. 


of a plastic is the tensile load per unit 
area of original cross-section, expressed 
in pounds per square inch, required to 
break a test specimen within the gage 
boundaries in accordance with the Tenta- 
tive Method of Test for Tensile Proper- 
ties of Plastics (A.S.T.M. Designation: 
D 638).® 

(&) Elongation is the change in length, 
expressed in inches, produced by a ten- 
sile load on a longitudinal section of a 
test specimen measured between fixed 
gage points on the specimen. 

Apparatus 

4. The apparatus shall consist of the 
following: 

(a) Testing Machine . — ^Any simple 
suspension device by means of which a 
predetermined load, accurately measured 
to within 1 per cent, may be applied in 
tension as dead weight loading or by 
the use of a simple lever system. The 
test system shall be as free from vibratio n 
as possible. 

(b) Grips . — Grips for holding the test 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book 
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speGimens. . Grips, of, tlie form shown in 
,Fig. 1 are' satisfactor}^, , , These grips may 
be made from any , noncorroding, metal. 
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Fig. 1. — Grips for Test Specimen. 


ic) Extensometer—K suitable instru- 
ment for determining the distance be- 
tween two fixed points on the test speci- 
men gage length at any time during 
test. Dividers may be used, since it is 
essential not to disturb the original posi- 
tion of the specimen to obtain the change 
in position of the fixed lines on the gage 
length. A cathetometer or electrical 
resistance device will yield more accurate 
results wherever these can be employed. 


Test Specimens 

5. {a) The test specimens shall con- 
form to the dimensions shown in Fig. 2. 
The specimens may be injection or com- 
pression molded, or machined *from 
sheets, plates, slabs, or similar material. 

{h) When testing materials that may 
be suspected of anisotropy, duplicate 
sets of test specimens shall be prepared: 
one set with the long axis parallel with 
the direction of anisotropy, and another 
set with the long axis normal to the 
direction of anisotropy (Note). 


Note.— B efore testing, all transparent speci- 
mens should be given a polariscope inspection 
and those which show atypical or concentrated 
strain patterns should, be rejected unless these 
“initial’^ strains constitute a variable whose effect 
it is desired to study. 

(c) All surfaces of the specimens shall 
be free from visible flaws, imperfections, 
or scratches. Marks left by coarse 
machining operations shall be carefully 
removed with a fine file, and the filed 
surfaces shall then be smoothed with 
abrasive paper (No. 00 or finer). The 
finishing file strokes or sanding strokes 
shall be made in a direction parallel 
with the long axis of the test specimen. 
All flaws shall be removed from molded 
specimens, great care being taken not to 
disturb the molded surfaces. 

{d) Gage mark areas should be placed 
on the specimen with china marking 
pencil, soft fine crayon, or with India 
ink. Gage marks may be scratched in 
the markings, but only when care is 
taken to avoid injuring the surface of 
the specimen, since such scratches may 
cause erroneous results due to the con- 
centrations of stresses. 

Number of Test Specimens 

6. (g) At least three specimens shall 
be tested for each sample in the case of 
isotropic materials. 

{h) Six specimens, three normal to and 
three parallel with the principal axis of 
anisotropy, shall be tested for each sam- 
ple in the case of anisotropic materials. 

{c) Specimens that fracture at some 
obvious fortuitous flaw or that do not 
break between the predetermined gage 
marks shall be discarded and another 
specimen substituted. 

Conditioning of Test Specimens 

7. (a) Conditioning prior to test shall 
be in accordance with the Standard Pro- 
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cedure^of the Tentative Methods of placed in the grips, care being taken not 
Conditioning Plastics and Electrical In- to apply too much tightening pressure 
sulating Materials for Testing (A.S.T.M. but just enough to prevent slippage dur- 
Designation: D 618).3 ^ ing the test. The metal flap which is 


L 
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ifarfofTesi 
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1 

Length of 
FlafMion 
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Dimension, in, . 

. 

Thickness, T, in.^ 

Tolerances, 

in. 

M iu. or under 

Over li to in., incl. 

Oyer to 1 
in., incl. 

Type I 

Type 

Type I 

Type II® i 

Type I 

C— Width overall 

W—Width of flat section"*^ 

F— Length of flat section... 

G— Gage length®.. 

D—D [stance between grips® 

L— Length overall 

Rad.— Radius of fillet 

0.750 

0.500 

2.25 

2.00 

m 

3 

0.750 

0.250 

2.25 

2.00 

5M 

3 

1.125 

0.750 

2.25 

2.00 

m 

3 

1.125 

0.375 

2.25 

2.00 

ZH 

mi 

3 

1.500 

1.000 

2.25 

2.00 

SK 

12 

3 

±0.016 

±0.010 

±0,016 

±0.016 

±3^ 

mmimnm 

minimum 


“ The width at the center PFc shall be plus 0.000 in,, minus 0,004 in. compared wn’th width IF at other parts of the 
reduced section. Any reduction in H’ at the center shall be gradual, equally on each side so that no abrupt changes in 
dimension result. 

p For molded specimens, a draft of not over 0.005 in. may be allowed for the specimens 0. 125 in. in thickness, and this 
should be taken into account when calculating width of the specimen- Thus, the cross-section of the molded specimen 
would be a.s follows: 


\<r 0.5! 5 in., max. ->| 

O.QOS in. j max. 




k 0.500 ±.010 in. 


® Test marks only. 

^ Thickness, T, shall be 0 , 125 ± 0 .015 in, for molded specimens and for other specimens where possible. If specimens 
are machined from sheets or plates, thickness, T, may be the thickness of the sheet or plate provided this does not exceed 
1 in. For sheets of nominal thickness greater than 1 in. the specimens shall be machined to 1.000 ± 0.010 in. in thick- 
ness. For sheets of nominal thickness between 1 and 2 in. approximately equal amounts shall be machined from each 
surface. For thicker sheets both surfaces of the specimen shall be machined and the location of the specimen with refer- 
ence to the original thickness of the sheet, shall be noted- Tolerances on thickness less than 1 in. shall be those standard 
for the grade of material tested. 

® Type I specimens shall be used whenever possible. Type II specimens shall be used only for materials with which 
the Type I specimen does not give satisfactory breaks in gage length, such as resin-impregnated compressed laminated 
wood. 

Fig. 2. — Tension Test Specimen. 


(J) Conditioning during test shall be 
in accordance with the Standard Labora- 
tory Atmosphere defined in Section 2(a) 
of A.S.T.M. Methods D 618. 

Procedure 

8. {a) The test specimen should be 


part of the grip should not be tightened 
too much in order to enable the load to 
be axially distributed. 

{b) Throughout the duration of the 
test, observations of extension should be 
made at sufficiently frequent intervals 
to define an extension-time curve. 
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(c) After unloading^ a certain amount 
of prolonged plastic recovery may occur 
in additio n to the elastic recovery. This 
plastic recovery may be recorded. 

id) The tensile stresses used may be 
any percentage of the ultimate tensile 
strength or fixed load agreed upon by the 
seller and the purchaser. 

Plotting.of Results 

9. (a) Extension-time curves may be 
plotted on semilogarithmic paper with 
time as the abscissa and unit extension 
as the ordinate. Many useful relation- 
ships may be obtained from such a curve, 
such as the ratio of the percentage ex- 
tension to a constant number of hours 
or the time required to produce a definite 
percentage extension. 

(b) For each series of tests the arith- 
metic means of all ultimate extension 
values obtained should be calculated to 
three significant figures and recorded as 
the average result for the particular 
values in question. 


(c) The deviation of each value from 
the average value should be calculated 
and the arithmetic means of these devia- 
tions determined. This value should be 
recorded to threfe significant figures as 
the average deviation of the particular 
series of results. 

Report 

10. The report shall include the 
following: 

(i) Date of test, 

{2) Complete identification of the ma- 
terial tested, including type, source, 
manufacturer’s code numbers, form, 
principal dimensions, and previous 
history, 

(J) Number of specimens tested, 

(4) Method of preparing test speci- 
mens, 

(5) Tensile load applied to test speci- 
men, and 

{6) Average ultimate percentage ex- 
tension for the period of time used in the 
test as agreed upon (Section 8 {d)). 
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Tentative Method of Test for 
WATER VAPOR PERMEABILITY OF PLASTIC SHEETS‘' 


• 

A.S.T.M. Besignatioa: D 697 - 42 T 
Issued, 1942.* 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test describes pro- 
cedures for determining the water vapor 
permeability of plastic sheet made with 
paper, paperboard, transparent sheeting, 
plastic sheeting, and other sheet mate- 
rials suitably bonded together with 
plastics. There may be considerable 
difference in the permeability of a plastic 
sheet when the two faces are exposed, 
respectively, to (a) a low humidity on 
one face and a medium humidity on the 
other, and (5) a high humidity on one 
face and a medium humidity on the 
other. These methods provide proce- 
dures for the measurement of perme- 
ability under both of these conditions. 
When special use requirements of the 
materials to be tested are involved, such 
as applications at other temperatures 
or under other humidity differences, the 
test conditions may be varied accord- 
ingly. 

Apparatus ' ' 

^ 2. The; apparatus shall 'consist of the 
following: 


1 Under tlie standardization procedure of the Society, 
this method is under the Jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics, 

* Accepted by Committee E-10 on Standards, August 
24, 1942. 


(a) Test Dish — ^An open mouthed 
cup or dish of such size and shape that 
it can be accommodated readily on the 
pan of an analytical balance. The area 
of the opening shall be as large as 
practicable, an area of at least 30 sq. 
cm. being preferred. The test dish 
shall be of such design that a satisfactory 
seal can be made to prevent leakage of 
water vapor at or through the edges of 
the test specimen and to define clearly 
the test area. Suitable designs for the 
dish with supporting ring or flange are 
shown in Figs. 1 to 3. Other modifi- 
cations of these designs may be made, 
without departing from the principle of 
preventing edge leakage by means of a 
complete wax seal. 

(i) Template.—k template for use in 
defining the test area and effecting the 
wax seal. The template shall consist 
preferably of a circular metal dfek | in. 
in thickness, made from brass, alumi- 
num, or other suitable metal, and having 
the edge beveled to an angle of about 
45 deg. The smaller diameter of the 
template shall be equal to the diameter 
of the test area of the spQdhmn,.::^ : 

(c) Desiccant. — A desiccant having a 
powerful affinity for water vapor and a 
high drying efficiency, that is, a low 
vapor pressure after absorbing a large 
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amouEt of water. The desiccant shall 
remain essentially unchanged in physical 
condition and exert, while dry, no chemi- 
cal or physical action on membrane ma- 
terials with which it is in contact, other 
than dehydration effects. Anhydrous 
magnesium perchlorate, or any other 
desiccant that fulfills these require- 
ments, may be used. 

(d) Wax.—WsLX for sealing the speci- 
men to the test dish. It shall be made 


(f) Balance , — An analytical balance 
that haS' a capacity of 200 g. and is 
sensitive to 0.001 g. 

{g) Tare If eig/zL---A tare weight, for 
making all weighings on the analytical 
balance, having a weight about 10 g. less 
than the assembled test dish and a 
volume very nearly equal to that of the 
assembled test dish. The use of this 
tare weight compensates for any errors' 
in weighing that may arise from changing 


Tempfafe 

I y^Spedmen Expansion Ring 

v-vr-/ / y Flange 

^Flange 

^Expansion Ring ^ 

(a) Test Dish. 


/'Specimen 
'Flange J ^ 



^^demplafe 

Sped men 
^SapporHng Ring 

'^^ ^TT/^/^/TrTySr/r/TFT/^ 

P ^ ib ) Dish --^ (C) 

of Test Dish for Desiccant Method. 

''Template ^^^Templofe Mtox-. Aluminum Ring 

^zzfrzr— ? 

Spedmen \ ^'^Spedmen 

t "'Speamen 

^'-Dish Dish-^^ 


(ange 

pansion Ring 

(a) Dish 

Fig. 2. — Other Types 
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of equal parts of crude beeswax and any 
grade of wood or gum rosin. The wax 
shall cling tenaciously to surfaces and 
shall not be brittle at room temperature. 

.(e) Pe/rotof^w.— Petrolatum to be 
used for application to the beveled edge 
of the template in order to facilitate 
removal of the template after sealing the 
test specimen to the dish. The pe- 
troleum jelly commonly used by drug- 
gists is suitable for this purpose. 


barometric pressure and the consequent 
change in buoyant effect of the air be- 
tween successive weighings. 

(A) Test Chamber . — A testing room or 
cabinet provided with suitable controls 
for maintaining temperature of ,25 ± 
1 C. (77 ± 2 F.) at a relative humidity 
of 50 d= 2 per cent and provided with a 
fan for , maintaining . a current : of air 
flowing at a rate of at least 500 ft. per 
min. over the exposed faces of the 'speci- 
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mens under test. A suitable rack shall 
be provided on which to place the test 
dishes within the test chamber. 

Test Specimens 

3. The test specimens selected from 
the plastic sheet to be tested shall be 
representative of the material. The 
diameter of the specimen shall be equal 
to the larger diameter of the template. 
At least two tests shall be made on each 
side of the sheet, thus requiring at least 
four test specimens. 

Method A, Desiccant Method 
Procedure 

4. {a) Sufl&cient desiccant shall be 
placed in the test dish to cover the test 
area of the specimen to a depth of at 
least 15 mm. when the dish is inverted. 
The specimen shall be placed over the 
opening of the dish and centered as 
closely as possible on the supporting 
ring or flange. With the tip of the 
finger a thin film of petrolatum shall be 
applied to* the beveled edge of the tem- 
plate. Any petrolatum that may have 
been deposited on the lower surface of 
the template shall be wiped off. The 
template shall be centered exactly over 
the specimen and dish opening. Molten 
wax shall be flowed into the annular 
space surrounding the beveled edge of 
the template, using a medicine dropper 
to dispense the molten wax. The tem- 
plate shall be removed from the surface 
of the specimen as soon as the wax has 
cooled and solidified. 

(6) The assembled test dish shall be 
weighed on the analytical balance to 
0.001 g. using the tare weight. The 
dish shall be placed on the rack in, the 
test chamber in an inverted position so 
that the layer of desiccant is in direct 
contact and evenly distributed over the 
inner face of the specimen, and so that 
free access of the conditioned air is pro- 


vided on the exposed surface of ' the 

specimen. 

(r) Successive weighings, of the test 
dish shall be made at intervals of several 
hours until a constant rate of gain is 
attained. The increase in weight shaU 
be plotted against the time. The' slope 
of the resulting curve will furnish a 
measure of the water vapor permeability. 

Method B, Water Method 

Procedure 

5. (a) The use of water inside the dish 
requires that the test be carried out with 
the dish in the upright position. As a 
result, there will exist a layer of air be- 
tween the surface of the water and the 
under surface of the specimen through 
which water vapor will diffuse at a rate 
that cannot be measured conveniently. 
Moreover any flange or ring projecting 
from the wall of the dish will influence 
the direction of the diffusion of the water 
vapor. The ratio of water surface area 
to test area will also have an influence 
on the water vapor pressure existing on 
the under surface of the specimen, espe- 
cially for materials having high perme- 
ability. This ratio shall be standardized 
at 1:1 in accordance with the require- 
ments of Paragraph (b), item (1). 

(6) The procedure for making a test 
by the water method shall be exactly as 
that described for the desiccant method 
(See Section 4 (b)) with the following 
exceptions: 

(1) The dish shall be of the type 
shown in Fig. 3. Its inside diameter 
shall be at least 60 mm. 

(2) Sufficient distilled water shall 
be placed in the dish to bring the level 
of the water to such a height that the 
distance between the surface of the 
water and the under surface of the 
specimen is 25 mm. A depth of 5 mm. 
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of water wiU adequately take care of 
losses by evaporation through the 
Biost ' permeable ' specim 

(J) The dish shall be placed in an 
upright position on the rack in the 
: test' chamber.' 

Report 

Report ' 

6. The report shall include a detailed 
summary of the test conditions. The 
water vapor permeability shall be re- 
ported as grams per square meter per 
24 hr. at 25 C. (77 F.) and SO per cent 
relative humidity, versus contact with 
desiccant or versus approximately satu- 
rated water vapor derived from a water 
surface 25 mm. below the specimen. 
The proper factors shall be used for con- 
verting the actual weight change due to 
permeation of water vapor through the 
specimen under test, taking into con- 
sideration the test area and rate of 
change in weight. The permeability 
results shall be reported separately for 


each side of the specimen, the opposite 
sides being designated by a suitable code 
such as side I and side II. The side of 
the specimen facing the higher humidity 
shall be designated in reporting the 
results. When there is an obvious 
difference in the two sides of the speci- 
men, there shall be additional identifica- 
tion of the two sides showing this differ- 
ence, for example, in a specimen waxed 
on one side only the specimen designa- 
tion may be “side I, waxed” and “side 
II, unwaxed”. 

Reproducibility of Results 

7. Duplicate determinations should 
check within plus or minus 10 per cent, 
depending largely on the variation in the 
plastic sheet. Very permeable plastic 
sheet may have a permeability 1000 
times greater than a plastic sheet of low 
permeability. A precision of plus or 
minus 10 per cent on a given plastic 
sheet will, therefore, establish it quite 
definitely in the scale of permeabilities 
normally encountered in plastic sheet. 


Tentative Recommended Practice for 

ACCELERATED WEATHERING OF PLASTICS USING S-1 
BULB AND FOG CHAMBER^ 



AoS.T.M, Besignatioii: B 795 - 44 T 

Issued, 1944,® 

Tins Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This recommended practice is 
intended to define conditions for the ex- 
posure of plastic materials to artificial 
sunlight and fog. 

Note. — Some correlation has been observed 
between the changes in certain physical proper- 
ties of certain plastics resulting from exposure 
to the conditions of this recommended practice 
and those resulting from a much longer exposure 
out-of-doors in Washington, D. C., but no gen- 
eral assumptions as to the existence or the ex- 
tent of such correlation should be made. 

(&) This recommended practice is 
limited to the method of obtaining the 
exposure conditions, the type of sample, 
and the procedure to be followed, and 
does not cover methods of test to be used 
in evaluating the effects of the exposure. 

Apparatus ■ 

2. The apparatus shall consist of the 
following: 

(a) Lamp ~K General Electric sun- 
lamp, model BM-12, or an equivalent 
lamp, equipped with an oxidized alu- 

I'XJndef the standardization procedure of the Society, 
this recommended practice is under the jurisdiction of tiie 
A.S.T.M. Committee D-20 on Plastics. 

" Accepted by the Society at annuaimeeting, June, 1944. 


minum reflector approximately 15 in. in 
diameter at the lower rim, and an S-1 
bulb which has been in use at least 50 
and less than 550 hr. The S-1 bulb con- 
sists of a combination tungsten filament- 
mercury arc enclosed in Corex D glass 
which absorbs most of the ultraviolet 
radiation below 2800 A /Note 1). The 
bulb is rated at 400 w. The operating 
voltage shall be maintained at 110 du 
2 V. (Note 2). 

Note 1. — ^To measure tbe ultraviolet light 
output of the S-1 bulb, the uranyl-oxalate acti- 
nometer may be used. This method is described 
in the Tentative Method of Calibrating a Light 
Source Used for Accelerating the Deterioration 
of Rubber (A.S.T.M. Designation: D 749).® As 
no minimum value for the ultraviolet output has 
been established, actinometer data are useful 
only for comparisons between lamps. 

Note 2. — To control voltage within the Emits 
specified, an automatic voltage stabilizer, such 
as General Electric stabilizer, Catalog No. 
680158, may be used, 

{b) Disk , — A phonograph turntable, 
operating at approximately 33 rpm., on 
which shall be mounted a light-colored 
corrosion-resistant metal disk approxi- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 
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mately 17 in. in diameter and 0.1 in. in 
thickness. Two sets of 21 corrosion- 
resistant machine screws and nuts shall 
be attached to the disk at holes equally 
spaced on concentric circles of approxi- 
mately 3|-in. and 8-in. radii, respec- 
tively. A third set of 21 machine screws 
and nuts shall be attached to the disk at 
holes spaced midway between the lines 
connecting the two previous sets of 




Fig. 1.— Phonograph Turntable and Disk 
Showing Assembly with Lamp. 


screws and on a circle of approximately 
6-in. radius, concentric with the other 
circles. The screws may be American 
Standard No. 10, 32 threads to the inch, 
I in. in length with fillister head. Cor- 
rosion-resistant washers about f in. in 
diameter and 0.05 in. in thickness shall 
be placed over the nuts to support the 
specimens about -ig in. above the surface 
of the disk. (See Fig. 1.) 

{c) Thermometer— An. A.S.T.M. Par- 
tial Immersion Thermometer having a 


range of - 20 to ISO G. and conforming 
to the requirements of thermometer 
1C - 39 as prescribed in the Stand- 
ard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: E l).^ 

(d) Fog Chamber— A closed shallow 
box fitted with a spraying unit and a 
baffle to prevent the spray from im- 
pinging directly on the specimens. The > 
distilled water spray should deposit a : 
fine mist on the specimens without wash- | 
ing action. The temperature of the 
water feeding the spray shall be 21 to 
27 C. (70 to 80 F.). 

Note.— A box and spray assembly con- 
structed as shown in Figs. 2 and 3 is suitable. 

I 

Test Specimens j 

f 

3. The specimens shall be 4 in. in j 

length and in. in width with a tapered j 
end as shown in Fig. 4 to permit assem- 
bly of 21 specimens on the disk at one ^ 

time. I 

Procedure I 

4. {a) The specimens shall be placed 

on the disk so that they are supported ; 

above its surface by the washers. The 
disk shall be centered under the S-1 bulb 
so that the bottom plane of the specimens 
is 6 in. from the bottom of the bulb. 

(5) The test shall be so conducted that 
with the thermometer placed on the 
turntable with its midpoint at the center 
of the disk, it will read 55 to 60 C. 
(Notel). If during the test the thermom- 
eter reads higher than 60 C. a fan shall be 
provided, placed so that it blows against 
the bottom of the turntable a volume of 
air sufficient to bring the thermometer 
reading to 55 to 60 C. (Note 2). 

Note 1. — ^The thermometer does not neces- 
sarily indicate the temperature of the specimen 
or of the air in the plane of the specimen, since 
the reading of the thermometer is determined 
partly by the amount of radiant energy which it 
absorbs and partly by the temperature of its 
surroundings. 
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Fig, 3. — ^Details of Fog Box Cover and FrameJ 
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Hote the apparatus is not enclosed, 

and operates in a room in which the ambient 
temperature is 70 to 80 F., ' the thermometer 
reading will lie between 55 and 60 C. If the 
reading is below. 55 C., the temperature can be 
raised by reducing somewhat the air circulation 
around the lamp. 



Fjg. 4. — Test Specimen for Weathering Test. 


(c) Radiation and wetting cycles for 
each 24-hr. period shall be in the follow- 
ing order: 2 hr. in the fog box, 2 hr. irradi- 
ation, 2 hr, in the fog box, and 18 hr. 
irradiation. The initial period may be 
any of these, according to convenience. 

(d) The specimens shall alwa 3 "S be ex- 
posed throughout the test with the same 
side up, and before making any tests the 


specimens shall be wiped with a damp 
cloth to remove any adhering dirt.,. The 
area exposed, between the concentric 
circles of 3f and 6-in. radii, respectively, 
shall be used to determine the effects of 
the test conditions on the specimens.. 
The duration of the accelerated weather-' 
ing test shall be 240 hr., including the 
time of exposure to fog, unless otherwise 
specified. 

Report 

S. The report shall include the fol- 
lowing: 

(i) Duration of the test in hours 
including exposure to fog. 

(^) Observations regarding surface 
changes (such as color, dulling, and 
chalking) and deep-seated changes (such 
as checking, crazing, warping, and dis- 
coloration). 

(3) The results of any physical or 
chemical tests made to determine the 
extent of degradation resulting from the 
exposure. The test methods used shall 
be adequately described. 


Tentative Method of Test for 

IMPACT RESISTANCE OF PLASTICS AT SUBNORMAL AND 
SUPERNORMAL TEMPERATURES^ 



A.S.T,M, Designation: B 758 - 44 T 
Issued, 1944.^^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test is intended for 
use in determining impact resistance of 
organic plastics under conditions of low 
moisture content at temperatures above 
and below the standard laboratory tem- 
perature. 

Appaxatus 

2. The apparatus shall consist of the 
following: 

[a) Testing Machine . — ^The testing ma- 
chine and its accessory equipment shall 
conform to the requirements specified in 
the Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical 
Insulating Materials (A.S.T.M. Designa- 
tion: D 256).^ For tests at low tem- 
peratures, care shall be taken that the 
testing machine operates in the usual 
manner. This may be accomplished by 
washing out the oil used as a lubricant 
and replacing it with kerosine. A change 
of not greater than 50 per cent in the 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D~20 on. Plastics. 

2 Accepted by Committee E-10 on Standards, January 
19 , 1944 . 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


windage and friction corrections is per" 
missible. 

(&) Insulated Test Chamber, — hxi in- 
sulated test chamber, through which air 
is circulated at the desired temperature, 
to enclose the entire testing machine 
during the test (Note), The chamber 
shall be equipped with a window through 
w^hich may be read the scale and the 
thermometer near the specimen, and a 
door for inserting the specimens. Means 
shall be provided outside the test cham- 
ber for tripping the hammer of the im- 
pact machine. In the case of cantilever 
beam (Izod type) impact tests, external 
means shall also be provided for tighten- 
ing the vise (see Note, Section 5). The 
equipment shall be capable of maintain- 
ing the test temperature within plus or 
minus 2 C. of the specified temperature 
at the location of the thermometer near 
the test specimen, and a difference in 
temperature between the inlet and outlet 
duct thermometers of not greater than 
5 C. at equilibrium. 

Note. — For detailed requirements covering 
enclosures for testing macbines and servicing 
units for maintaining the desired temperature 
and conditions, reference should be made to the 
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Tentative bpecmcations for Enclosures for Small 
Testing Machines for Tests at Subnormal and 
Supernormal Temperatures . of Electrical In- 
sulating Materials and Plastics (A.S.T.M. 
Designation: D 760) ^ and the Tentative Specifi- 
cations for Servicing Units for Tests at Subnor- 
mal and Supernormal Temperatures of Electrical 
Insulating Materials and Plastics (A.S.T.M. 
Designation: D 761), ^ 

{c) Thermometers thermom- 
eters, one each at the inlet and outlet 
ducts of the chamber, and another placed 
as close as possible to the specimen but 
in no case greater than 3 in. from the 
specimen. 

(d) Preconditioning Oven. — A circula- 
tion air oven, adjusted at SO dz 3 C. 
(122 dh 5 F.) for preconditioning test 
specimens. 

(e) Desiccators . — Desiccators contain- 
ing anhydrous calcium chloride (or other 
suitable desiccant) for storage of the 
preconditioned specimens. 

(/) Conditioning Chamber. — A chamber 
for conditioning the specimen at the 
desired test temperature prior to testing. 
The conditioning shall be done either in 
an insulated storage chamber of the 
circulation air type or in the insulated 
test chamber. If the specimens are con- 
ditioned in the insulated test chamber 
they shall be placed on a wire-mesh rack 
or other suitable support during the 
conditioning period. 

Test Specimens 

3. The test specimens shall conform to 
the requirements specified in A.S.T.M. 
Methods D 256.3 

CoEditioning, 

4. {a) Precofiditioning . — ^All test speci- 
mens shall be preconditioned in accord- 
ance with Functional Procedure A of 
the Tentative Methods of Conditioning 


Plastics and Electrical Insiiiating Ma- 
terials for Testing (A.S.T.M. Designa- 
tion: D 618).3 

{h) Test Condii/ions.—Ttsi specimens 
shall be placed in the conditioning cham- 
ber and subjected to the test temperature 
in dry circulating air for at least 1 hr. 
This temperature shall be controlled 
within plus or minus 2 C. of the specified 
test temperature. 

Procedtire 

5. Conditioned specimens shall be re- 
moved from the conditioning chamber 
(Section 4 Qy)) and placed as rapidly as 
possible in the testing machine. The 
entire transfer shall not require more 
than 30 sec. After thermal equilibrium 
has been restored but in no case in less 
than 5 min., the air circulation shall be 
cut off, the vise tightened (in the case of 
cantiliever beam (Izod type) impact 
tests, see Note), and the hammer of 
the impact machine tripped. In other 
respects the test procedure shall be in 
accordance with that prescribed in 
A.S.T.M. Methods D 256.3 

Note. — During the 5 min. or more between 
the closing of the test chamber and the tripping 
of the hammer, the test specimen is under 
pressure from the vise. At high temperatures, 
this may cause some materials to flow sufll- 
ciently to become loosened. It is, therefore, 
necessary to give the vise a final tightening from 
outside just before the actual impact. 

Report 

6. The report shall include the infor- 
mation specified in A.S.T.M. Methods 
D 256 3 and in addition the following : 

(i) Readings of the three thermom- 
eters just before the test, and 

{2) Any pertinent information on the 
time of conditioning. 


Tentative Recommended Practice for 
MOLDING SPECIMENS OF PHENOLIC MATERIALS! 



A.S.T.M, Designation: D 796- 45 T 

Issued^ 1944; Revised, 1945,2 

This Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This recommended practice covers 
procedures for molding test specimens of 
phenolic materials, as follows: 

General Purpose Phenolic Materials . — 
Impact, flexure, and tension test 
specimens. 

Shock-Resistant Phenolic Materials . — 
Impact, flexure, and tension test 
specimens. 

Mica-Filled Phenolic if .-“Im- 
pact, flexure, and tension test speci- 
mens. 

Apparatus 

2; The apparatus shall consist of the 
following: 

(a) 

(1) For molding impact and flexure 
specimens of general purpose mica- 
filled and shock-resistant phenolic 
materials, the single bar, single cav- 
ity positive mold described in Fig. 

1 Under the standardization procedure of the Society, 
this recommended practice is under the jurisdiction of 
the A S.T.M. Committee D-20 on Plastics. 

* Revision accepted by Committee E- 10 on Standards, 
Tune 27, 1945. 


1 of the Tentative Specifications for 
Molds for Test Specimens of Molding 
Materials Used for Electrical Insula- 
tion (A.S.T.M. Designation: D 647)® 
shall be used. 

(2) For molding tension specimens 
of general purpose, mica-filled and 
shock-resistant phenolic molding ma- 
terials, the positive mold shown in 
Fig. 3 of A.S.T.M- Specifications D 647 
■ shall be used. 

{h) Press. — ^A hydraulic press of suffi- 
cient ram diameter so that the molding 
pressure on the specimen can be con- 
trolled to 250 psi. 

(c) Heating System.— Any convenient 
method of heating the press platens or 
molds may be used provided the heat 
source is constant enough to maintain 
the mold temperature within plus or 
minus 3 C. (5 F.). 

(d) Therm>ometer— A lj4n. immersion 
mercury thermometer having a diameter 
just under in. and a temperature scale 
of not more than 20 C. per in. of 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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TABLE I.-MOLDING CONDITIONS FOR SPECIMENS OF PHENOLIC MATERIAI^. 


MoIdmg’'Coiiditions 

Genera! Purpose 
Phenolic Materials 

Mica-Filled 
Phenolic Materials 

Shock-Resistant 
Phenolic Materials 

Impact, Flexure, 
and Tension 
Specimens 

I Impact, Flexure, 
and Tension 
Specimens 

Impact, Flexure, 
and Tension 
Specimens 

Molding pressure, psi 

2500 di 500 

2500 ± 500 

4000 rb 500 . 

Molding temperature 

160 =b 3 C, 

150 3 C. 

155 dz 3 C. ' 

Charge 

(320 db 5 F.) 
powder 

5 min. 

(300 d= 5 F,) 
powder 

10 min. 

(310 d= 5 F.) 

■ powder ■ . 

10 min. ' 


Breathing mold ' 

1 Breathing the mold may be necessary, for 

I molding most materials of these types. 

1 




length or a mold pyrometer graduated to 
read 5 C. 

Conditioning 

3. Materials shall be used in the as- 
received condition. For specimens to be 
used in referee tests, the materials shall 


be conditioned for 72 hr. in a desiccator 
over anhydrous calcium chloride at room 
temperature. The material shall be 
spread to a depth of not more than | in. 

Procedure 

4. Test specimens shall be molded un- 
der the conditions prescribed in Table I. 


Tentative Recommended Practice for 

DETERMINING PERMANENT EFFECT OF HEAT ON PLASTIGSi 



A.S.T.M. Designation : D 794 44 T 
Issued, 1944.2 

This Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

i; This recommended practice is in- 
tended to define the conditions for test- 
ing the resistance of plastic sheet, plastic 
laminated materials, and molded plastics 
to permanent changes in properties due 
to exposure at elevated temperatures. 
Only the method of heat exposure is 
specified, and not the specimen; so that 
the permanent effect of heat on any prop- 
erty may be determined by use of the 
proper specimen. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Circulation Air Oven. — circula- 
tion air oven capable of maintaining the 
temperature within plus or minus 2 C. 
of the specified test temperature. 

(b) Testing Dmce.— Testing devices 
for determining specific properties before 
and after exposure to heat shall conform 
to the requirements prescribed in the 
method of test of the American Society 
for Testing Materials covering the 
specific property to be determined. 

1 Under the standardization procedure of the Society, 
tins recommended practice is under the jurisdiction of 
the A.S.T.M, Committee I)'20 on Plastics. 

2 Accepted by the Society at annual meeting, June, 
1944. 


Test Specimens 

3. The number and type of test speci- 
men required shall be in accordance with 
the A.S.T.M. test method for the specific 
property to be determined. 

Determination of Properties Prior to 

Heat Exposure 

4. Initial tests shall be conducted in 
the Standard Laboratory Atmosphere as 
specified in the Tentative Methods of 
Conditioning Plastics and Electrical 
Insulating Materials for Testing (A.S. 
T.M. Designation: D 618),® and in ac- 
cordance with the requirements of the 
A.S.T.M. test method for determining 
the specific property or properties 
required. 

Exposure of Specimens for Heat Effect 

5. Test specimens shall be suspended 
from one end in the circulation air oven 
so that free access to air shall be assured 
to all sides. At the conclusion of the 
exposure period, the specimens shall be 
removed from the oven, conditioned, and 
tested as specified in Section 4. Individ- 
ual specimens shall be exposed at one 
temperature only. Each new exposure 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S. T.3VI. Designations at front of book. 
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temperature shall require additional, 
properly conditioned specimens. 

Heat Exposure Schedule 

6. (a) Selection of Approximate Tem- 
perature at Which Failure Occurs . — ^For a 
rapid evaluation of the effect of heat and 
the establishment of the approximate 
temperature range for a more critical 
study, the following schedule shall be 
observed: 

(J) The starting temperature shall be 
a multiple of 25 C. which, experience has 
indicated, is near the maximum which 
the plastic will stand without failure, for 
example, 25, 50, 75, 100, 125, 150, 175, 
and 200 C. 

{2) The period of exposure to heat 
shall be 4 hr. 

(J) Exposure temperatures shall be 
increased in steps of 25 C. until failure 
occurs. Should failure occur at the 
temperature first chosen under Item 1, 
the exposure temperature shall be de- 
creased in steps of 25 C. to that point at 
which failure does not take place. 

(4) Failure is defined as a change in 
physical appearance, weight, length, or 
other properties in excess of the agreed 
limits. 

(J) Determination of Heat Resistance. 
— ^The follo^Ying schedule shall be ob- 
served for determining the maximum 


temperature at which the plastic us, 

resistant: 

(i) The starting temperature shall be 
the nearest multiple of IOC., at least 
30 C. below that selected under Para- 
graph (a); for. example, if failure occurs 
at 150 C. in Paragraph (s), then the 
starting temperature will be 120 0. If 
failure occurs at 175 C., the starting 
temperature will be 140 C. 

{2) Specimens shall be exposed for a 
period of 7 days. 

(J) Subsequent exposure temperatures 
shall be increased or decreased in steps 
of 10 C. until a maximum is determined 
above which permanent change occurs in 
the property being tested greater than 
the agreed limits. 

Report 

7. The report shall include the foUow- 
ing: 

(i) The property or properties on 
which the effect of heat was determined, 

{2) The agreed tolerance in property 
change, 

{3) The maximum temperature to the 
nearest 5 C. to which the plastic was 
exposed under the conditions of this test 
with a change in property not exceeding 
the agreed limit, and 

(4) Observations on any visible 
changes in the test specimen. 



Tentative Definitions ofi 
TERMS RELATING TO PLASTICS ^ 


A.S.T.M, Designation; BBSS- 46 T 

Issued, 1946; Revised, 1946.2 

These Tentative Definitions have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Plastic j n . — A plastic is any one of a large 
and varied group of materials which con- 
sists of, or contains as an essential ingredi- 
ent, an organic substance of large molecular 
weight and which, while solid in the 
finished state, at some stage in its manu- 
facture has been or can be formed (cast, 
calendered, extruded, molded, etc.) into 
various shapes by flow, usually through 
the application singly or together of heat 
and pressure. 

Plastic, adj,— The adjective plastic indi- 
cates that the noun modified is made of, 
consists of, or pertains to plastic. 

1 Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee D-20 on Plastics. 

3 Accepted by the Society at annual meeting, June, 
1946. Revision accepted by the Administrative Com- 
mittee on Standards, July 10, 1946. 


Note. — ^The above definition may be used 
as a separate meaning to the definitions con- 
tained in the dictionary for the adjective 
''plastic.^^ 

Pseudo-stable, odj.— Pseudo-stable denotes 
an unstable condition of a plastic under 
constant environment during which time 
it is rapidly changing its physical prop- 
erties. 

Note. — Pseudo-stable refers, for example, 
to the temporarily more flexible condition of 
some plastics after molding. No physical 
tests should be made while the plastic is in 
a pseudo-stable condition unless data regard- 
ing this condition are desired. 
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Tentative Methods of 

CHEMICAL ANALYSIS OF RUBBER PRODUCTS* 



A.S.T.M. Designation: D 297-43 T 

Issued, 1940; Revised, 1941, 1943 » 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L These methods of chemical analysis 
of rubber products are classified for the 
purpose of this standard into the follow- 
ing fiive separate procedures: 

A. Complete Procedure, 

B. Rubber Solvent Method, 

C. Short Procedure, 

D. Direct Determination of Rubber 
Hydrocarbon, and 

E. Copper and Manganese Deter- 
mination in Crude Rubber. 

Method A is complete and of general 
application; it includes methods for the 
chemical analysis of both soft and hard 
rubber compounds. Method B employs 
a solvent for the separation of vul- 
canized rubber from compounding in- 
gredients in order to avoid thermal 
decomposition. Method C is designed 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-il on Rubber and Rubber-Like Materials. 

These methods are essentially those adopted as stand- 
ard by the American Chemical Society^ and the National 
Bureau of Standards and include the Joint Rubber Insula- 
tion Gommittee's Rrocedure. ^ ^ 

* Latest revision accepted by Committee E-10 on Stand- 
ards, November 20, 1943. 

Prior to their present publication as tentative, these 
methods were published as tentative from 1928 to 1932. 
They were adopted in 1932, published as standard from 
1932 to 1940, being revised in^ 1936, 1938, and 1939, but 
withdrawn, revised, and republished as tentative in 1940. 


to permit rapid analysis of specific types 
of rubber compounds. Method D is a 
procedure for the direct determination of 
rubber hydrocarbons by quantitative 
oxidation with chromic acid and meas- 
urement of the acetic acid thereby pro- 
duced instead of employing the usual 
estimation by difference. Method E 
includes specialized procedures for the 
determination of copper and manganese 
in crude rubber only. 

Description of Terms 

2. {a) Acetone ExtracL — If the ace- 
tone extraction is made on vulcanized 
compounds, the acetone removes the 
rubber resins, the free sulfur, any 
mineral oils or waxes, any acetone- 
soluble antioxidants and organic accel- 
erators or their decomposition products, 
and part of any bituminous substances 
or vulcanized oils that may have been 
used. This is generally called acetone 
extract uncorrected. The percentage of 
free sulfur and the percentage of waxy 
hydrocarbons are determined and their 
sum deducted from the total extract. 
The value obtained is known as acetone 
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extract, corrected. The corrected figure 
thus obtained wil at times give valuable 
information regarding the quality of 
the rubber present. This is not true, 
however, when the compound contains 
substantial quantities of mineral oils 
or waxes, bituminous substances, organic 
accelerators, or antioxidants which have 
been added. With compounds contain- 
ing rubber value which consists of only 
the best grades of Hevea rubber, the 
acetone extract should not exceed 5 per 
cent of the rubber present, A higher 
extract may indicate the presence of 
inferior or reclaimed rubbers, added oils, 
waxes, or bituminous materials, or sub- 
stantial quantities of organic accel- 
erators or antioxidants. No correction 
is possible for small quantities of 
antioxidants and organic accelerators, 
since no general method is now known 
for the separation and identification of 
all classes of these materials. 

(J) Chloroform Extract, — The chloro- 
form extraction removes a portion of the 
bituminous substances and serves as an 
indication of their presence. The chlo- 
roform extract may also include other 
materials. 

{c) A Icoholic- Potash Extract . — The 
purpose of the alcoholic-potash extrac- 
tion is to detect the presence of rubber 
substitutes. 

{d) Free Sulfur sulfur is that 
which is removed during the acetone 
extraction, 

(e) Total Total sulfur is the 

sulfur that occurs in the compound, 
either free or chemically combined, 
exclusive of that sulfur which may be 
present in barium sulfate. 

(/) Ash, — The ash is the residue left 
after ignition and consists principally of 
the nonvolatile mineral fillers, together 
with their reaction products with sulfur. 

{g) Sulfur in -The sulfur in ash 
consists of the sulfur from the mineral 
fillers and also part of the sulfur that 
was with the rubber, but which during 


ignition enters , into combination with 
mineral fillers. 

(h) Total Compounding Ingredients ,' — 
Total compounding ingredients consist 
of the residue obtained when the rubber 
is dissolved by mineral oil in the solution 
method of analysis. Total compound- 
ing ingredients corrected is the value 
obtained after deducting sulfur and 
organic matter present. 

(i) Total Extract, — The total extract 
is the material removed from the rubbei 
compound by extraction with a mixture 
consisting of 32 per cent acetone and 68 
per cent chloroform by volume, for a 
period of at least 8 hr. 

Reagents 

3, {a) General Requirements, — All ordi- 
nary reagents used shall be of the 
‘‘Reagent Grade.” 

{h) Acetone, — Distill acetone of U.S.P, 
purity over anhydrous potassium car- 
bonate, not more than 10 days before 
use, using the fraction which distills at 
56 to 57 C, 

ic) Alcoholic Potash Solution,— Pxt- 
pare a 1 N alcoholic potash solution by 
dissolving the required amount of KOH 
in alcohol that has been purified as 
follows: Dissolve 1.5 g. of AgNOs in 
3 ml. of water and add it to 1000 ml. of 
alcohol. Dissolve 3 g. of KOH in the 
smallest amount of hot water, cool, add 
it to the alcoholic-silver nitrate solution, 
and shake thoroughly. Allow the solu- 
tion to stand for at least 24 hr,, filter, 
and distill. (Ethyl alcohol denatured 
with 10 per cent by volume of methanol 
may be used in place of pure ethyl 
alcohol.) 

(d) Nitric Acid - Bromine Solution— 
Add a considerable excess of bromine to 
HNOg (sp. gr. 1.42) so that a layer of 
bromine is present in the reagent bottle. 
Shake thoroughly and allow to stand 
24 hr. before using. 

(e) Zinc - Nitric Acid Solution,— KdA 
200 g. of zinc oxide to 1000 ml. of 
HNOs (sp. gr. 1.42). 
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(f) Barium: Chloride Solution (100 g. 
per L).— Dissolve 100 g. of BaCi2-2H20 
in 1 liter of distilled . water, and add two 
to three drops of HCl (sp. gr. L 19 ). If 
there is any insoluble matter or cloudi- 
ness, heat the solution overnight on a 
steam bath, .and., filter. 

(g) Standard Potassium Br ornate Solu- 
tion (OJ — Dissolve approximately 

2.79 g.of KBrOs in 1 liter of water (Note). 
Standardize this solution by means of 
standard arsenious oxide as follows. 
Use a sample containing from 0.1 to 
0.2 g. of AS2O3. Dissolve it in KOH, 
neutralize with HCl, and add 15 ml. of 
HCl (sp.gr. 1 . 19 ) in excess. Dilute to 100 
ml., warm to about 60 C., and titrate 
with KBrOs using two drops of methyl 
red solution (0.2 per cent) as indicator. 
When the indicator fades, add the 
KBrOs slowly, using more indicator 
if desired. At the end point the solution 
turns colorless and an added drop of 
indicator should be decolorized. 


Sb equivalent of 1 ml. of KBrO$ = 

wt. of As 20 s X 1.23 


milliliters of KBrO* 


Note. — Potassium bromate of known purity 
may be used as a primary standard for making 
tMs solution. Both the solid and the solution 
are very stable. If KBrOa is used as a primary 
standard, i ml. of 0.1 iV' KBrOj is equivalent to 
0.006089 g. of antimony. 


(h) Starch lodate Paper , — Impregnate 
filter paper with a solution obtained by 
heating 2 g. of starch with 100 ml. of 
water and, after solution, add 0.2 g. of 
potassium iodate dissolved in 5 ml. of 
water. , 

(i) Rubber Solvent . — The mineral oil 
used in the solution method of deter- 
mining rubber and fillers shall have 
approximately the following properties: 


® /a-t 68 F. (20 C.) ..56 sec. 

Flash poilt. ................. 270 F. (132 C.) 

Fire point. . ... . ... ... . , . . . . . 350 F. (177 C.) 

Speci&G gravity .............. 0 . 853 

Color. . . . . , . , .... .... . . . colorless 


(/) Asbestos Gooch Crucibk , — Prepare, 
a Gooch crucible in the following manner: 
Cut. some amphibole. asbestos into,, fine 
pieces with slhears, digest with NaOH 
(10 per cent), wash with water and then 
digest with IlCl (sp. gr. 1.19) for a few : 
hours on a steam bath. After it has 
been washed comparatively free from 
acid by decantation, shake the, asbestos'' 
up with water and use the resulting 
mixture in preparing the pad. After 
igniting the Gooch crucible, it is then 
ready for use. 

(k) Chloroform . — Chloroformof U.S.P. 
purity shall be used in extraction. 

Blank Determinatioiis 

4 . Blanks shall be run on all determi- 
nations to check the purity of the 
materials used and deductions shall be 
made accordingly. 

Check Determinations 

5 . In the event of any determination 
not falling within limits where given in 
these methods of test, duplicate check 
determinations shall be made, the aver- 
age of which shall fall within the limits 
specified and shall be taken as the true 
value. 

Preparation of Samples 

6. (a) Before preparing a sample foi 
analysis, the analyst shall, by inspection, 
assure himself that it has not been con- 
taminated. The sample to be analyzed 
shall be selected by taking pieces from 
various parts of the original sample and 
separating them from foreign matter. 
Because of the variety of rubber prod- 
ucts to which this method is to be 
applied, no single procedure for reducing 
the sample to the required fineness is 
applicable to all samples. Furthermore, 
the best methods usually require the 
use of expensive apparatus. Therefore, 
several alternative procedures for this 
purpose are described in the following 
Paragraphs (b) to (g). The analyst is 
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expected to select tiie one most suitable 
to the sample that he is analyzing and 
the equipment available. 

(6) For vulcanized soft rubber, un- 
vulcanized rubber, crude rubber, and 
many samples of reclaimed rubber, it is 
preferable to mix the sample and grind 
it by passing it two or three times 
through a clean, cold laboratory rubber 
mill. The rubber will come from the 
mill in the form of a coarse powder or a 
Tough sheet. If the product is in the 
form of a sheet, the adjustment of the 
milb shall be such that the thickness of 
the final sheet is no greater than 0.5 
mm. If the sample is sticky, it shall be 
rolled in holland cloth for storage pre- 
liminary to the final sampling for 
analysis- If the milled sample is a 
powder, it shall be transferred to a 
1410-micron (No. 14) sieve® and rubbed 
through the sieve. Grinding shall be 
continued until the entire sample passes 
through the sieve. 

(c) In the absence of milling ma- 
chinery, the sample may be prepared 
by cutting it with scissors so that it 
will pass a 1410-micron (No. 14) sieve.® 
The sample may be cut into long strips 
that are fine enough to pass freely 
through the sieve and the strips fed 
through by hand, or the sample may be 
cut into small fragments and shaken 
through the sieve. The cutting shall be 
continued until the entire sample passes 
through the sieve. If necessary, to 
prevent sticking, different fragments of 
the sieved sample may be segregated 
by wrapping in holland or other cotton 
cloth. 

(if) Certain very glutinous samples 
may be prepared for extraction analysis 
as follows: Place a weighed 2-g, sample 
of the material between two pieces of 
asHess filter paper that have been ex- 


« Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), see p. 471. 


tracted according to ^ the procedure de* 
scribed in Section 10 (&). The papers 
should be approximately 20 by 4 in. 
and the sample should be placed near 
one end. Flatten the sample and spread 
it throughout the length of the filter 
paper by passing the ^Tandwich,^^ length- 
wise, through a cold, closely set, even- 
speed rubber calender. The gross thick- 
ness of the resulting sheet should not be 
greater than 1.0 mm. If a rubber cal- 
ender is not available, a similar sheet 
may be obtained by placing the sample 
in a hydraulic press or a vise. In the 
latter case, the sample may be roughly 
spread by hand throughout the length 
of the filter paper and pressure applied 
to small areas at a time until the whole 
sample has been flattened. 

(e) Samples of rubberized cloth, whose 
over-all thickness is no greater than 1.0 
mm., may be prepared for analysis by 
cutting them into pieces 1.5-mm. 
square, and then mixing well. If the 
fabric is easily removed, it should be 
separated unless an analysis of the whole 
cloth is desired. 

(f) Samples of rubber cements shall be 
evaporated to dryness in a vacuum at a 
temperature not higher than 30 C. 
The residue may then be analyzed as an 
unvulcanized sample. A separate sam- 
ple of the cement shall be distilled under 
reduced pressure if examination of the 
solvent is desired. 

(g) Samples of hard rubber shall be 
reduced to powder form by filing, cleaned 
with a magnet, and sieved through a 
590-micron (No. 30) sieve.® Residue 
retained on this sieve shall be reduced 
until the entire sample passes through 
the sieve. 

Preliminary Examination of Sample 

7. (a) Carbomles-~I)rop a small 
piece of the sample into a test tube 
containing HCl (sp. gr. 1.19) saturated 
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.with bromine. If a stream of bubbles is 
given .off, the Rubber. Solvent Method 
(Note) described in Sections 35 to 39, 
inclusive,, shall be used. 

, (J) Aniimony —'Fln.ce a portion of the 
sample in a porcelain crucible and burn 
off the rubber. Treat the ash with 
concentrated HCl (sp. gr. 1.19). Dilute 
the solution to ten times its volume, 
filter, and saturate with H 2 S. If a 
precipitate of antimony sulfide is formed, 
the method described in Section 21, or 
the Rubber Solvent Method (Note) in 
Sections 35 to 39, inclusive, shall be used. 

(c) Carbon Black , — Heat a portion of 
the sample with HNO3 (sp, gr. 1.42) 
until there is no more frothing. If the 
liquid is black, it indicates the presence 
of free carbon, and the test for this 
substance should be made. 

(d) Barium Salts , — A qualitative test 
for barium can conveniently be made on 
the residue after filtration in the total 
sulfur determination as described in 
Section 15, by dissolving it in HCl 
(10 per cent), filtering, and then adding a 
few drops of H 2 SO 4 (10 per cent). A 
white precipitate of barium sulfate indi- 
cates the presence of barium in the 
sample. 

(e) Paraffin . — If paraffin is present, 
it will solidify in the cold acetone extract 
as a white flocculent precipitate clinging 
to the sides of the flask. 

(/) Glue . — Extract a portion of the 
sample with a mixture of 32 per cent 
acetone and 68 per cent chloroform by 
volume for 8 hr. Dry the sample and 
digest for 1 hr. with hot water. Filter, 
cool, and add a few drops of a freshly 
prepared solution of tannic add (2 per 
cent), and allow to stand for a few 
minutes. If the solution becomes tur- 
bid, glue is present and should be 
determined as described in Section 24. 

Note.— In the analysis of samples of hard 
rubber, disregard all reference to the Rubber 
Solvent Method. 


A. .CoifPLETE Procedure . .. 

Scope 

8. {a) The methods, .given in the^ 
complete procedure cover the analysis 
of all types of rubber ' compounds to 
determine . whether they conform to; the. 
chemical requirements of the specifica- 
tions which are intended to ■ secure 
compounds containing specified per- 
centages of the best Hevea rubber and 
mineral fillers. 

{b) Special methods are given for the 
analysis of compounds that contain 
glue, carbon, antimony, and waxy 
hydrocarbons. 

{c) For the determination of the 
amount of rubber present in a vulcanized 
compound, the usual indirect method is 
given. This will give satisfactory re- 
sults in all cases known today, except 
where there are found to be present 
decomposable compounding ingredients, 
such as carbonates that decompose at 
550 C., cellulose, clay, asbestos, as- 
bestine, talc, factice, and high percent- 
ages of mineral rubber. As practically 
all insulating compounds contain some 
of these ingredients, the said compounds, 
when specified, shall be analyzed in 
accordance with the Joint Rubber In- 
sulation Committee’s Procedure as de- 
scribed in Section 28. 

(d) When carbonates that decompose 
at 550 C. are present, most . accurate 
results are obtained by the use of the 
Joint Rubber Insulation Committee’s 
Procedure as described in Section 28, or 
by the Rubber Solvent Method (Note) 
described in Sections 35 to 39, inelusive. 
When clay, asbestos, asbestine, or talc 
are present, none of the methods de- 
scribed herein is accurate unless correc- 
tion is made for the loss of water of 
hydration on ashing clay, asbestos, 
asbestine, or talc. This correction can 
be made only if the nature and quantity 
of the fillers are known. 
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{e) If factice or high percentages of 
mineral rubber are used, no accurate 
method is known. If cellulose is pres- 
ent, the best results are obtained by the 
method described in Section 29. 

(J) For determining the rubber hydro- 
carbon in hard rubber, best results may 
be obtained by using the Joint Rubber 
Insulation Committee’s Procedure de- 
scribed in Section 28. 

(g) A method employing a solvent 
for the vulcanized rubber has been 
included since it has proved to be more 
accurate than an ash determination 
when carbonates are present in a rubber 
compound. It may also be used in the 
analysis of asbestos rubber packings and 
rubberized fabrics. 

Note.— "In the analysis of samples of hard 
rubber, disregard all reference to the Rubber 
Solvent Method. 

Specific Gravity 

9. (a) The specific gravity shall be 
determined by use of a pycnometer or 
by the method of hydrostatic weighings. 
Measurements shall be made at a 
temperature between 24.5 and 25.5 C. 
unless the coefficient of expansion of the 
rubber compound is known, in which 
case the determination shall be made 
at any convenient temperature and 
corrected to 25 C. 

(b) Pycno7neter Method . — Determine 
the specific gravity using the pycnometer 
with alcohol in place of water to elimi- 
nate the errors due to air bubbles. 

Sp.g,.(2S/4C,). 0.9971 

sp. gr. of alcohol (25/25 C.) 

where: 

Wi weight of specimen, 

W% = weight of pycnometer filled with 
specimen and alcohol, and 
Wz == weight of pycnometer filled with 
alcohol. 


(c) Eydrostatic Method.—This method 
provides for the determination of ' specific 
gravity through the loss in weight of a 
specimen when suspended in water. 
Dipping of the specimen in alcohol 
foEowed by blotting before suspending 
in water for weighing wiE aid in the 
elimination of bubbles which cause 
errors in the determination. A very 
fine wire is recommended as a supporting 
medium. 

Sp.g,. (25/4 C.) -0.9971 

where: 

Wi = weight of specimen, 

== weight of specimen and support- 
ing wire in water, and 
Wz == weight of supporting wire in 
water. 

Total Extract 

10. {a) Extraction Apparatus } — -The 
extraction apparatus used in this deter- 
mination and for other extractions shall 
be of the general type and of the dimen- 
sions shown in either Fig. 1 or 2. The 
condenser and cover may be made of 
glass or of block tin. 

(6) Preliminary Extraction of Filter 
Paper . — -The ashless paper in which 
the sample is wrapped for this extraction 
shall be subjected to preliminary 2-hr. 
extractions with acetone and chloroform 
or a 2-hr. extraction with a mixture 
consisting of 32 per cent acetone and 68 
per cent chloroform by volume. 

{c) Procedure . — ^Place a weighed sam- 
ple of approximately 2 g, in an extracted 
filter paper. If the sample is in the 
form of a sheet, cut it with scissors into 
strips 3 to 5 mm.' in . width. If the 
sample may become tacky during the ex- 
traction, take care that adjacent portions 

‘It is planned ultimately to replace the large type 
apparatus as shown in Fig. 1 by the smaller apparatus 
shown in Fig. 2. This smaller, lighter weight apparatus 
lends itself to more accuracy because of ease in cleaning 
and because of its light weight. 
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are separated by paper,. Fold the paper 
so that it will fit in,, the extraction cup, 
and , suspend , the ,cup in a weighed 
extraction flask Gontaining 50 to 75 ml, 
of a mixture consisting of 32 parts of 
acetone and 68 parts of chloroform by 
volume. (Prior to the weighing of the 
extraction flask, it shall have been 
dried for 2 hr. at 70 C. and cooled in a 
desiccator to the temperature of the 
balance.) Extract the sample con- 
tinuously for 16 hr., heating at a rate 
such that the time required to fill and 



empty the siphon cup will be between 
2.5 and 3.5 min. (Hard rubber, and 
any soft rubber sample having a ratio 
of total sulfur to rubber hydrocarbon in 
excess of 10 per cent, shall be extracted 
for 72 hr.) Carefully note all character- 
istics of the extract, both when hot and 
cold. E the color is black/ make a 


chloroform extraction as described ' in 
Section 12 and add the value for chloro- 
form extract to the result obtained for 
total extract. Distill ofl the solvent 
on a steam bath. Avoid allowing the 
flasks to stand on the steam bath after 
the solvent has been removed, because 
appreciable quantities of free sulfur may 
be lost in so doing. Dry the extraction 
flask and contents in an air bath for 2 



hr. at 70 C. Cool in a desiccator to the 
temperature of the balance, and weigh. 

wt. of extract 

Total extract, per cent =» —7 — - — — 7 X IW 
wt. of, sample; , 

Acetone Extract 

11. (a) Extraction Appafatiis.~-T]it 
extraction apparatus used in this de- 
termination shall be that described in 
Section 10 (a). 



946 


Chemical' Analysis, OF Rubber' Products' (D297--43T) 


: (b). Frocedure. — Place a weighed sam- 
ple of approximately 2 g. in an extracted 
iSl ter paper. If the sample is in the form 
of a sheet, cut it with scissors into strips 
3 to 5 mm. in width. If the sample may 
become tacky during the extraction, 
take care that adjacent portions are 
separated by paper. Fold the paper so 
that it will fit in the extraction cup and 
suspend the cup in a weighed extraction 
flask containing 50 to 75 ml. of acetone. 
(Prior to the weighing of the extraction 
flask, it shall have been dried for 2 hr. 
at 70 C. and cooled in a desiccator to 
the temperature of the balance.) Ex- 
tract the sample continuously for 16 
hr., heating at a rate such that the 
time required to fill and empty the 
siphon cup will be between 2.5 and 3.5 
min. (Hard rubber, and any soft rub- 
ber sample having a ratio of total sulfur 
to rubber h 3 drocarbon in excess of 10 
per cent, shall be extracted for 72 hr.) 
Carefully note all characteristics of the 
extract, both when hot and cold. Dis- 
till off the acetone on a steam bath. 
Avoid allowing the flasks to stand on 
the steam bath after the solvent has 
been removed, because appreciable quan- 
tities of free sulfur may be lost in so 
doing. Dry the extraction flask and 
contents in an air bath for 2 hr. at 70 C. 
Cool in a desiccator to the temperature 
of the balance, and weigh. 

Acetone extract, wt. of extract 

uncorrected, per cent *= r- p X 100 

wt, of sample 

Chloroform Extract 

This determination is not applicable to crude, 
unvulcanized, or reclaimed rubber. 

12. Suspend the extraction cup con- 
taining the rubber sample (Section 
10 (c)) in a second weighed extraction 
flask containing SO to 75 ml. of chloro- 
form, and extract it for 4 hr. with 
chloroform, using the extraction rate 
prescribed in Section 10 (c), (Hard 


rubber, and any soft rubber sample 
having a ratio of total sulfur to rubber 
hydrocarbon in excess of 10 per cent, 
shall be extracted for 24 hr.) Record 
the color of the chloroform solution. 
Evaporate the chloroform on a steam 
bath, taking care to avoid allowing the 
flasks to stand on the steam bath after 
the solvent has been removed. Dry 
the extraction flask and contents in an 
air bath for 2 hr. at 70 C. Cool in a 
desiccator to the temperature of the 
balance, and weigh. Reserve the ex- 
tracted sample for extraction with alco- 
holic potash. 


Chloroform 
extract, per cent =* 


wt. of extract 

— XlOO 

wt. of sample 


Alcoholic-Potash Extract 

13. Dry the rubber from the chlor- 
oform extraction (Section 12) at about 
70 C. to remove the chloroform, transfer 
to a 200-ml. Erlenmeyer flask, add 50 
ml. of alcoholic-potash solution, and 
heat under a reflux condenser for 4 hr. 
In the case of hard rubber, continue the 
heating for 16 hr. or more. Filter into a 
250-ml. beaker, wash with two 25-mL 
portions of boiling alcohol; then with 
three 25-mL portions of boiling water, 
and evaporate the filtrate just to dryness. 
Use about 75 ml. of distilled water to 
transfer the residue to a separatory 
funnel: Acidify the solution with HCl 
(10 per cent), testing with Congo red 
paper. Extract with four 2S-mL por- 
tions of ether, unless the fourth portion 
should be colored, when the extraction 
shall be continued until no further 
quantity can be removed. Unite the 
ether fractions and wash thoroughly 
with distilled water until free from acid 
(two washings are generally sufficient). 
Filter the ether solution through a plug 
of absorbent cotton into a weighed flask, 
wash with ether, evaporate, dry to 
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constant weight at 70 C., , cool,: and 
weigh... 


.Alcoholic-potasli 
extract, per cent 


wt. of extract 
—7-— X 100 
wt. of sample 


Total Sulfur, Recommended Method 

14.. (a) When this method is used the 
sulfur determined represents the ■ sulfur 
exclusive of that originally present in 
barytes or combined during analysis 
with barium salts if these are present in 
the compound. 

(&) Place 0.5 g. of soft rubber or 0.2 g. 
of hard rubber in a 500-mL Erlenmeyer 
destruction flask of chemically resistant 
material,^ Add 10 ml. of zinc oxide- 
nitric acid solution and moisten the 
sample thoroughly. Let stand at least 
1 hr., overnight if convenient. By so 
doing the sample becomes partly decom- 
posed; this permits the addition of fum- 
ing nitric acid with no danger of ignition 
of the sample. Add IS ml. of fuming 
HNO3 and whirl the flask rapidly to 
keep the sample immersed to avoid 
ignition. With some samples it may be 
necessary to cool the flask under running 
water. 


(c) 'WTien the solution of the rubber 
appears to be complete, add 5 ml. of a 
saturated water solution of bromine 
and slowly evaporate the mixture to a 
foamy syrup. (For the determination 
of total sulfur in unvulcanized mixtures, 
use 3 ml. of bromine in place of bromine 
water.) 

(d) If organic matter or carbon remain 
at this point, add a few milliliters of 
fuming HNO3 and a few crystals of 
potassium chlorate {Caution) and evapo- 
rate. at a, boil. ' Repeat this operation 
until all carbon is gone and the solution 
is, clear, . colorless or light yellow. 

{e) At this point either of the follow- 
ing procedures may , be used: 

(i) Place the flask on an asbestos 


5 jpyrex, quartz glass., or similarly resistant material is 
■satisfactory, ■' . 


gauze and evaporate the mixture,, to 
d.ryness over a Tirrill burner. Then 
bake the mixture at the highest tem- 
perature of the burner until all ni- 
trates are decomposed and no .more 
nitrogen oxide fumes can be detected. 
The flask must be carefully, annealed, 
after this procedure by gradually 
decreasing the flame or by placing 
the flask on successively cooler sources 
of heat. 

(3) Evaporate the mixture, cool, 
add 10 ml, of HCl (sp. gr. 1.19), 
and evaporate, to dryness, avoiding 
’ spattering. Repeat this procedure 
once, or more than once if oxides of 
nitrogen are still evolved. 

(/) Cool the flask, add 50 ml. of HCl 
(1:6) and digest warm, until solution 
is as complete as possible. In case the 
original mixture contains barium sulfate 
or other barium salts, they will be pre- 
cipitated at this point with consequent 
loss of sulfur in the case of the latter. 
If litharge is present in moderate quanti- 
ties, it will not interfere under the 
existing conditions if all filtrations and 
washings are made hot. Filter the 
solution, wash the filter, and dilute the 
solution to 300 ml. Add 10 ml. of 
saturated picric acid solution, precipi- 
tate with BaCIg (100 g. per L), and allow 
the precipitate to stand overnight. 
Filter and wash with hot water until the 
filter is colorless, and determine the 
barium sulfate precipitate in the usual 
manner. 


Total sulfur, ^ 0 ^3,3 

per cent = r- 

wt. of sample .' 


X ioo 


Total Sulfur, Alternate Method 

IS. {a) When this alternate method is 
used,. the sulfur determined is all of the 
sulfur originally present including that 
in barytes. In order to obtain the total 
sulfur as defined in Section 2 (e), cor- 
rection must be made by subtracting 
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the sulfur originally present in the 
barytes from the result of this deter- 
mination. : 

(b) Place 0.5 g. of soft rubber or 0.2 g. 
of hard rubber in a porcelain crucible 
of about 75-mL capacity, add IS ml, 
of the nitric acid - bromine mixture, 
cover the crucible with a watch glass, 
and let it stand for 1 hr. in the cold. 
Heat for 1 hr. on the steam bath, remove 
the cover, rinse it with a little distilled 
water, and evaporate to dryness. Add 
3 ml of HNOs (sp. gr. 1.42), cover, warm 
a short time on the steam bath, then let it 
cool Carefully add in small portions, 
by means of a glass spatula, 5 g. of 
sodium carbonate (weighed to 0.5 g.). 
Raise the watch glass only high enough 
to permit the introduction of the spatula. 
Allow the carbonate to slide down the 
side of the crucible as it must not be 
dropped directly into the acid. Rinse 
the watch glass with 2 or 3 ml of hot 
distilled water and stir the mixture 
thoroughly with a glass rod. Digest 
for a few minutes, spread the mixture 
halfway up the side of the crucible to 
facilitate drying, and dry on a steam 
bath. Fuse the mixture by heating 
over a sulfur-free flame. 

(c) Place the crucible in an inclined 
position on a wire triangle and start the 
ignition over a low flame. The tendency 
for the organic matter to burn too briskly 
may be controlled by judicious use of the 
.stirring rod with which the burning por- 
tion is scraped away from the rest. 
When part of the mass is burned white, 
work a fresh portion into it until all of 
the organic matter is destroyed. It is 
necessary to hold the edge of the crucible 
with tongs. Toward the last half of the 
operation the flame should be increased. 
It is unnecessary to heat the crucible to 
redness. With care, a crucible can be 
used for at least 10 to 12 fusions. 

P- (d) After a fusion, allow the crucible 
to cool, place it in a 400-ml. beaker, add 


sufl5.cient ' distilled water to cover the 
crucible (about 125 ml), and digest on 
the steam bath or plate , overnight. 

(e) Filter the solution into a covered 
400-ml beaker containing 5 ml of HO 
(sp. gr. .1.19), and wash , the residue, 
thoroughly with hot sodium; carbonate 
solution (5 .per cent). , A qualita- 
tive test for barium should be made on 
the residue to ascertain whether it is 
necessary to determine barium in the 
ash according to Section 20. Complete 
the acidification of the filtrate and 
washings and add 2 ml of HCl (sp. gr. 
1.19) in excess. Cover the beaker and 
heat the solution on a steam bath. The 
total volume of the solution should be 
300 ml The solution shall be acid to 
Congo paper in order to insure the com- 
plete destruction of the carbonates. 
Add 10 ml of a saturated aqueous solu- 
tion of picric acid to assist in barium 
sulfate crystal growth and to serve as 
an index of thorough washing. Pre- 
cipitate with barium chloride and deter- 
mine the sulfur in the usual manner. 


Sulfur, X 0.1373 

per cent “ ; X 1(X) 

wt. of sample 

Total sulfur, 

per cent =* percentage sulfur determined — 
percentage sulfur in barium sulfate 

Free Sulfur 


16. (a) Recommended Method . — Add 
to the flask containing the acetone 
extract, 10 ml of zinc oxide-nitric acid 
mixture and 2 to 3 ml. of bromine and 
cover with a watch glass. Allow to 
stand near the steam plate for 30 min., 
then heat on a steam plate to a foamy 
syrup. Add 10 ml. of fuming. HNOa, 
heat on the hot plate with the cover 
removed until all bromme is .expelled. 
Continue the determination as described 
in Section 14 (<f), ((g), and (/). 

(5) Alternate Method. 2 g. of 
a sample thinly sheeted, 0.05 to 0.075 


This alternate method for the determination of free 
sulfur is not applicable to hard rubber. 
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cm. (0.02 to 0.03 in.) in a 400-mL, 
"tHn- walled, chemically resistant glass 
flask.^ Add 100 ml. of sodium sulfite 
solution (5 per cent), 5 ml. of a sodium, 
stearate suspens.ion in water (0.1 per 
cent), and approximately 1 g. of paraffin. 
Cover the flask with a small watch glass 
nnd heat so as to, boil gently for 2 hr. Re- 
move the flask and add 100 ml. of 
strontium chloride (0.5 per cent) and 
10 ml. of cadmium acetate (3 per cent). 
Separate the rubber and precipitates by 
filtration, using a Biicliner funnel with 
suction. (The funnels are prepared by 
forming a thin asbestos pad over a single 
sheet of qualitative filter paper. Filters 
thus prepared can be used numerous 
times.) Wash with two 75 to lOO-niL 
portions of a wash solution containing 
40 ml. of cadmium acetate (3*per cent) 
per liter. To the filtrate, add while 
stirring 5 ml. of 40 per cent formalin 
solution, 10 ml. of glacial acetic acid, 
and S ml. of starch solution (1 per cent). 
Add enough crushed ice to bring the 
temperature of the solution below IS C., 
and titrate with a standard solution of 
iodine to a blue end point. 

Run a blank determination on the 
reagents, and subtract this figure, usually 
0.2 to 0.3 ml., from the titrations on the 
samples. 

Ash, Rapid Method 

17. (a) Wrap a 1-g. sample in filter 
paper, extract with acetone for 4 hr,, 
and transfer to a weighed, approxi- 
mately 50-mL porcelain crucible. For 
hard rubber the extraction may be 
eliminated. Use a 2-g. sample for the 
analysis of hard rubber. Ash the sam- 
ple in a muffle furnace by heating at 
the following rate: 

0 S 10 IS 70 75 80 85 145 

' Tempera tiire, 

deg. Cent... 0 100 200 300 300 400 500 550 550 

(6) Remove the crucible from the 
furnace, cool, and weigh. 


. , wt of ash 

Ash, per cent = X' KM) 

wt of sample 

(c) If no furnace is , available, . distill 
off the rubber over a very small flame, 
not allowing it to catch fire, a.!id, ignite 
gently until burnt clean. Cool, weigh, 
and determine ash in the usual manner. 

Ash, Referee Method 

18. (a) Apparatus.— In case of .dis- 
agreement on results of determining the 
percentage of ash by the rapid method 
described in Section 17, an electric 
muffle furnace shall be employed for the 
test. Numbered porcelain crucibles 41 
mm. in diameter and 25 mm. in height 
shall be used. The bottom of the fur- 
nace shall be covered by a sheet ol 
asbestos 0.06 in. in thickness, cut to fit. 



Fig. 3 . — Location of Apparatus for Ash 
Determination (Referee Method). 


{b) Procedure . — Extract a 2-g. sample 
with acetone as described in the acetone 
extraction (see Section 11). Allow the 
extracted sample to dr}^ at 100 C., cool 
in a desiccator, and weigh. Divide the 
sample into two parts of equal weight, 
place each of them in crucibles previously 
ignited, cool in a desiccator, and weigh. 
Place the two crucibles, with contents, 
together (with their tops touching) in 
the furnace on a line crossing the fur- 
nace half-way between its ends, as 
shown in Fig. 3. Regulate the temper- 
ature of the furnace by means of a 
rheostat so that the temperature corre- 
sponds to the curve shown in Fig. 4, 
with a' maximum . permissible variation 
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of plus or minus 25 C. Measure the tem- 
perature with a thermocouple (previously 
calibrated) enclosed in a quartz tube 
closed at one end, 6 to 7 mm. in diam- 
eter, 0.5 to 1 mm. in thickness, and placed 
in a horizontal position in contact with 
the asbestos sheet on the bottom of the 
furnace, so that the hot junction of the 
couple is on a line crossing the furnace 
half-way between its ends, and half-way 
between the two crucibles, as shown in 
Fig. 3. Adjust the door of the furnace 
to conform to the following require- 


ments: 

opening 

First 400 min i in. 

From 400 to 450 min H in. 

Remainder of period (7 min.) wide open 



0 50 100 150 200 250 300 350 400 450 

Time, min. 

Fig. 4. — Time-Temperature Curve for Ash 
Determination (Referee Method). 

(c) At the end of the period of heating, 

as shown, remove the crucibles from the 

furnace, cool in a desiccator, and weigh. 

. , wt. of ash 

Ash, per cent = X 100 

wt. of sample 

Sulfur in Ash 

19. (a) Add 3 ml. of nitric acid - 
bromine mixture to the ash (see Sec- 
tion 17), cover with a watch glass and 
heat for 1 hr., remove the cover, rinse 
it with a little distilled water, and 
evaporate to dryness. Complete the 
determination of sulfur as described in 
Section IS, 

(J) Save the insoluble residue, after 
filtering the solution of the fusion mix- 


ture in water, for testing in accordance 
with Section 20. 

Sulfur as Barium Sulfate 

20. Calculate the sulfur as barium' 
sulfate from the , barium in the ash, 
which shall be determined as follows: 

Wash the insoluble matter, referred^ 
to in Section 19 (&), back into the original 
beaker with hot water, dissolve the 
residue in the beaker and any traces 
on the filter paper with HCl (sp. gr. 
1.19) and heat the solution on the 
steam bath. Filter and wash thoroughly 
with hot water. Adjust the acidity, 
by moans of 6 iV NH 4 OH and 6 N HCI 
to be between 0.2 and 0.3 N in tICL 
Cool, saturate the solution with H 2 S, 
and when the lead sulfide has settled, 
filter into a 400-mL beaker and wash 
thoroughly. The total volume of the 
solution shall not be over 200 ml. 
Precipitate the barium with H 2 SO 4 (10 
per cent) and treat the precipitated 
barium sulfate in the usual manner as 
for sulfur determination. Barium sul- 
fate determined above is assumed to 
have been added as such, and the value 
will usually be less than the amount of 
commercial barium sulfate originally 
compounded. Conversely, because of 
suKate and phosphate impurities often 
present in commercial barium sulfate, 
the value for total sulfur exclusive of 
that from barium sulfate will frequently 
be high when the calculation is made 
with data obtained from this procedure 
and that described in Section 15. Ob- 
viously, if barium carbonate is present, 
it must be determined in order that an 
undue correction will not be made. 

Sulfur as barium sulfate, per cent = 

wtofBaSO4 X 0..1373 ' ^ 

^ 

Wt. of sample . , 

Total Antimony 

21. When a qualitative test indicates 
^ that antimony is present, weigh out a 
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O.S-g. sample, and transfer to a Kjeldahl 
flask, add 25 ml. of H 2 SO 4 (sp. gr. 1.84) 
and to to 12 g. of - potassium sulfate, 
place a funnel in the neck of the flask, 
and heat until the ' solution becomes 
colorless. Cool, and wash the funnel, 
dilute the solution to 100 ml. with water, 
and transfer to a 400-mL beaker. Dilute 
to 250 ml. with hot water, and precipi- 
tate the . antimony with H 2 S, Filter, 
and transfer the precipitate to a Kjeldahl 
flask, add 15 ml. of H 2 SO 4 (sp. gr. 1.84), 
10 to 12 g. of potassium sulfate, and 
heat as described above until the solution 
is colorless. Wash the funnel, dilute 
the solution to 100 ml. with water, add 
1 to 2 g. of sodium sulfite, and boil 
until all the sulfur dioxide is driven out. 
This is shown when no blue color is 
obtained with starch iodate paper. Add 
25 ml. of HCl (sp. gr. 1.19), dilute to 
200 ml., regulate the temperature to 
about 60 C., add 2 drops of 0.2 per cent 
methyl red solution, and titrate with 
standard potassium bromate until the 
solution is colorless. W'hen the indica- 
tor starts to fade, add the bromate 
slowly, using another drop of indicator 
if desired. At the end point, an added 
drop of indicator should become color- 
less. If iron is found to be absent 
it is not necessary to precipitate the 
antimony with H 2 S and the second heat- 
ing in the Kjeldahl flask may be elimi- 
nated. 

Antimony, per cent = 

Sb equivalent of KBrOa X ml of KBrOs 

— ^ ;; ; X luO 

wt. of sample 

' Antimony in the Ash 

22, Antimony in the ash shall be de- 
termined on the ash of a l-g, sample as 
follows: Transfer the ash to a 600-mL 
Erlenmeyer flask, add 12' to 15 ml. of 
H 2 SO 4 (sp. gr. 1.84) and 10 to 12 g, 
of potassium sulfate, and boil until solu- 
tion is complete. It may be necessary 


to warm part of ' the H2S04'in the crucible 
to transfer any adhering particles to the 
flask. Rinse with the remaining portion 
of acid. Then complete the determina- 
tion as described in Section 21 . ■ ^ , 

Antimony, as percentage Sb 204 in ash ~ 

Sb equivalent 

of KBrOs X ml. of KBiQ, X 1.26 
wt. of sample 

Free Carbon 

23. (a) Extract a 0.5-g. sample for 
8 hr. with a mixture of 68 per cent chloro- 
form and 32 per cent acetone by volume. 

(b) Transfer the sample to a 250-mL 
beaker and heat on the steam bath 
until it no longer smells of chloroform. 
Add a few milliliters of HNO 3 (sp. gr. 
1.42) and allow to stand for about 
10 min. Add 50 ml. more of HNO3 
(sp. gr. 1.42), taking care to wash down 
the sides of the beaker, and heat on the 
steam bath for at least 1 hr. At the 
end of this time there should be no more 
bubbles or foam on the surface. Pour the 
liquid while hot into a Gooch crucible, 
taking care to keep as much as possible 
of the insoluble material in the beaker. 
Filter slowly with gentle suction and 
wash well by decantation with hot 
HNO3 (sp. gr. 1.42). {Caution: Empty 
the filter flask.) Wash with acetone and 
a mixture of equal parts of acetone and 
chloroform until the filtrate is colorless. 
Digest the insoluble material, which has 
been carefully retained in the beaker, 
for 30 min. on the steam bath with 
35 ml. of NaOH solution (25 per cent). 
This treatment with alkali may be 
omitted if silicates are absent. Dilute 
to 60 ml. with hot distilled water and 
heat on the steam bath. Filter the 
solution of alkali and wash well with hot 
NaOH solution (15 per cent). 

(c) Next, wash the residue about four 
times with hot HGl (sp. gr. 1.19). Neu- 
tralize the last washing with NH4OH 
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and lest for tlie presence of lead with 
sodium ■ chromate solution. If lead is 
present continue to wash with hot' HCl 
(sp. gr. 1.19) and, finally, wash with 
'warm HCl (5 'per cent). - Remove the 
crucible from the funnel, taking care 
that the outside is perfectly clean, dry 
it in an air bath for 1 ^ hr. at HOC., 
cool, weigh, burn off the carbon at a 
dull red heat, and reweigh. The differ- 
ence in weight represents approximately 
105 per cent of the carbon originally 
present in the form of lampblack or 
gas black. 

Free carbon, /r — A 


per cent ^ 


1.05 X wt- of sample ‘ 


where: 


a = weight of crucible with car- 
bon, and 

h = weight of crucible after 
ignition. 


Mtrogen Calculated as Glue 

24. (a) When glue is found to be 
present, a correction shall be made for 
the natural protein in . the rubber. The 
average amount of nitrogen is 0.4 per 
cent. See Section 32 (5) for calculations. 

( 6 ) Extract a 2-g, sample for 8 hr. 
with acetone. Remove the solvent from 
the sample, and transfer the latter from 
the filter paper to a 750-mL Kjeldahl 
flask. Add 25 to 30 ml. of H 2 SO 4 (sp. 
gr. 1.84), 10 to 12 g, of sodium sulfate, 
and about 1 g. of copper sulfate. Heat 
gently until the first vigorous frothing 
ceases, then raise the heat gradually 
until the liquid boils. Continue the 
boiling until the solution becomes clear. 
Allow the flask to cool, dilute carefully 
with 150 ml. of water, and again allow 
to cool. Add 100 ml. of sodium hy- 
droxide solution (50 per cent), pouring 
it carefully down the side of the flask, 
so that it does not mix immediately with 
the acid solution. Add about 1 g. of 
granulated zinc to prevent bumping and 


a piece of paraffin the size of a pea to 
diminish frothing. Connect the flask 
quickly with- a condenser, the delivery 
tube of which dips into a 500-mL Erlen- 
meyer flask, containing 50 ml. of H 2 SO 4 
( 0.1 A) diluted, to about 100 ml Care- 
fully swirl the flask to muc the contents 
and start to heat gently, increase the 
flame as the danger of foaming over 
diminishes, and finally boil briskly until 
about one-half of the liquid has passed 
over into the receiver. Add methyl red 
solution and titrate the excess acid by 
means of NaOH (0.1 iV'). A blank 
determination “shall be made. 


Nitrogen 
as glue, 
per cent = 


100 (H 2 SO 4 X normality — NaOH 
X normality) (0.014) (6.5) 
wt. of sample 


When a 2 -g. sample is used this for- 
mula becomes: 

Nitrogen as glue, per cent ~ (H 2 SO 4 X 
normality — NaOH X normality) X 4.55 


XJnsaponifiable Matter 

25. (a) If this determination is made, 
the free sulfur shall be determined on a 
separate 2 -g. sample. 

(&) Add to the acetone extract ob- 
tained from two 2-g, samples (see Sec- 
tion 11 (5)), 50 ml. of a normal alcoholic- 
potash solution, heat on the steam bath 
under a reflux condenser for 2 hr., remove 
the condenser and evaporate to dryness. 
Transfer to a separatory funnel, using 
about 100 ml. of water, add 25 ml. of 
ether, and shake. Allow the two layers 
to separate thoroughly, then draw off 
the water layer. Continue the extrac- 
tion of the water layer with fresh por- 
tions of ether until no more unsaponifi- 
able matter is removed, unite the ether 
layers, and ■ wash with distilled water 
until a negative test with phenolphthal- 
ein is obtained on the wash water. 
Transfer the ether to a weighed flask, 
distill off the ether, dry to constant 
weight at 70 C., cool, and weigh. 
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Unsaponifiable 
' matter, per cent 


wt.' of extract 

7— T X m 

wt, of sample 


Hydrocarbons A 

26. (a) To the unsaponifiable matter 
(see Section 25), add 50 mi. of absolute 
alcohol, and heat on the steam bath for 
30 min. Let the flask stand in a mixture 
of ice and^ salt for 1 hr. Filter cS the 
separated waxy hydrocarbons on filter 
paper, by applying a gentle suction. 
Wash with alcohol (95 per cent) which 
has been cooled in an ice-salt mixture. 
The funnel should be surrounded by a 
freezing mixture. 

(&) Dissolve the precipitate from the 
filter paper with hot chloroform, and 
catch the solution in a weighed 100 to 
150-mL beaker. Wash the flask with 
hot chloroform, which is added to the 
same beaker in order to include any 
insoluble matter adhering to the wails of 
the flask. Evaporate the solvent, dry 
to constant weight at 70 C., cool, and 
weigh. 


Hydrocarbons 
Af per cent = 


wt. of extract 
wt. of sample 


X 100 


Hydrocarbons B 

27. Evaporate the alcohol from the 
flask containing the alcohol-soluble un- 
saponifiable material, add 25 ml. of 
carbon tetrachloride, and transfer to a 
separatory funnel. Shake wdth H2SO4 
(sp. gr. 1-84), drain off the discolored 
acid, and repeat with fresh portions of 
acid until there is no longer any dis- 
coloration. After drawing off all the 
acid, wash the carbon tetrachloride solu- 
tion with repeated portions of water 
until all traces of acid are removed. 
Transfer the carbon tetrachloride solu- 
tion to a weighed flask, evaporate the 
solvent, and dry to constant weight at 
: 70' C., cool, and weigh. 


Hydrocarbons 
^B,per cent',; — 


wt. of extractd^ 

— X , 100 
wt- of sample 


Rubber Hydrocarbons ' 

2B,Joinl Rtiiberlnmlaiimt CammiMee^s 
Procedure, — Add to the flask contain- 
ing the rubber residue from : the alco- 
holic-potash extraction sufficient water 
to make the total 125 ml., and then add 
25 ml., of HCl (sp. gr. 1.19). , Heat for 
1 hr. at 100' C. ■ ■ Decant the supernatant 
liquid through a hardened filter paper 
on a Buchner funnel, 7 cm. in diameter,' 
using suction. Wash the residue with 
25 mi. of hot water and decant, (Al- 
though a Biichner funnel is recom- 
mended, it is permissible to use an 
il-cm. hardened filter paper with plati- 
num cone in a 60-deg. funnel.) Perform 
this entire treatment wdtli water and 
HCl (sp. gr. 1.19) three times. The 
rubber at this stage should be white 
and practically free from black specks of 
undissolved fillers; if not, continue the 
acid treatment until the black specks 
disappear. (If carbon is present, all the 
particles of rubber will be grayish, blu- 
ish, or black, depending on the form and 
quantity of carbon used. Black specks 
in light particles of rubber usually indi- 
cate the presence of lead sulfide which 
must be removed to prevent the forma- 
tion of lead sulfate on igniting the residue 
C.) Add 150 ml. of hot water to the 
flask and allow to stand on a steam bath 
or hot plate for 30 min. and decant 
through the filter paper, repeating until 
washings are free from chlorides. Trans- 
fer all the rubber in the flask to tlie 
filter paper and dry as much as possible 
by suction. Wash the rubber with 50 
ml. of alcohol (95 per cent), using suc- 
tion. Transfer the entire residue to a 
weighing bottle. Dry at 95 to 100 C. for 
1 hr., cool in a vacuum desiccator under 
reduced pressure, and weigh, - Dry ior 
30 min., cool, and weigh, repeating' this 
process until either constant weight is 
reached or the weight starts to increase. 
Let this weight be represented by C, 
The weight originally taken for the ace- 
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tone extract determination shaU be called 
A. Determine the ash, £, (Note) on a 
portion, D, of this residue, C, and the sul- 
fur,' E, OB' the remaining portion, G. 
Also determine the sulfur, F, on the ash, 
E, Perform the ash determination as 
described in Section 17, and the sulfur de- 
termination as described in Section IS. 

Rubber hydro- 
carbons, per cent « 100 

Note. — See the statement regarding decom- 
posable fillers, Section 8 (d). 

CeEulose 

29. (a) Treat 0.5 g. of rubber previ- 
ously extracted with a constant-boiling 
mixture of acetone and chloroform with 
25 ml. of rubber-solvent oil (see Section 
3 (f)), in a 250-niL lipped assay flask. 
Place in an air bath at a temperature of 
145 to 150 G. until small particles can 
be seen distinctly in the supernatant 
liquid, which requires about 3 hr. Di- 
lute with 15 ml. of benzene and 200 ml. 
of petroleum ether. Filter through a 
Gooch crucible and wash the residue 
thoroughly with warm acetone. Treat 
repeatedly with hot HCl (10 per cent) 
until the residue is free from acid-soluble 
fillers. Wash the pad w^ell with boiling 
water, and run small portions of acetone 
through it until the filtrate is colorless. 
Wash with alcohol and dry at 105 C. to 
constant weight. Remove the pad from 
the crucible with the help of a pair of 
sharp-pointed tweezers, using the under 
portion of the pad as a swab to clean the 
sides of the crucible, and place all of 
this material in a tared weighing bottle. 
Replace in the drying oven for about 
10 min., cool, and weigh. Weight of 
weighing bottle, pad, insoluble fillers, 
and cellulose minus weight of the weigh- 
ing bottle equals weight of pad, insoluble 
fillers, and cellulose. 

(5) Transfer the contents of the weigh- 
ing bottle to a 50-mL beaker and pour 


over it 15 ml of acetic anhydride and 
0.5 ml. of H 2 SO 4 (sp. gr. 1.84), and allow 
to digest for at least 1 hr., on the steam 
bath. After the mixture has cooled 
thoroughly, dilute with 25 ml of acetic 
acid (90 per cent), and filter through 
a weighed Gooch crucible; To guard 
against traces of the material being 
carried through, this filtration, as well as 
the ones to follow, shall be very slow and 
only gentle suction shall be used. Wash 
with hot acetic acid (90 per cent), until 
the filtrate comes through absolutely 
colorless and then wash about four times 
more. Wash with acetone about five 
times. After having taken care that all 
of the material has been washed out of 
the beaker in which the acetylation 
took place, remove the crucible from the 
funnel, clean the outside thoroughly, and 
dry for 2 hr. at 150 C. Cool, and weigh. 
The original weight of the crucible plus 
weight of pad, fillers, and cellulose minus, 
the weight of the crucible after acetyla- 
tion equals cellulose. 

^ , cellulose 

Cellulose, per cent ; p X 100 

wt. of sample 

Barium Carbonate 

30. (a) Barytes was determined (Sec- 
tion 20 ) by the calculation to barytes 
of all barium found in the sample. 
Obviously, if barium carbonate is pres- 
ent, it must be determined in order that 
an undue correction will not be made. 
The determination shall be made as 
follows: Place a 1-g. sample, in a porce- 
lain boat, and place this in a combustion 
tube through which passes a current of 
carbon dioxide. Ash the sample in the 
tube. After ignition and cooling, in the 
atmosphere of carbon dioxide, remove 
the boat, finely grind the residue in an 
agate mortar, transfer it to a 250-mL 
beaker, and treat with 5 to 10 g. of 
ammonium carbonate, IS to 20 ml of 
strong ammonia water, and about 50 mi. 
of distilled water. Boil the mixture for 


C / F _ JS -F \ 
A\ G D ) 
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20 min. j filter, and wash the precipitate 
thoroughly to remove all soluble sulfates. 
Wash the residue on the filter paper 
back into the original beaker and add 
about 10 ml. of glacial acetic acid with 
.sufficient water. to make the total vol- 
ume about 100 ml. Heat this to boiling 
and filter through the same paper as 
before. Pass hydrogen sulfide into the 
filtrate to precipitate the lead and treat 
the solution subsequently as in the de- 
termination of barytes. The final weight 
of barium sulfate obtained shall be cal- 
culated to barium carbonate. 

wt. of BaS 04 X 0.1373 

S ^ 7 7 ii ^ O 

wt. of sample 

where: 

S == the percentage of sulfur required 
to convert barium present as car- 
bonate to sulfate. 

(b) The Rubber Solvent Method 
(Note) described in Sections 35 to 39, 
inclusive, has been found to be more 
rapid in the determination of barium 
carbonate, and as accurate as the above 
method. 

Note. — In the analysis of samples of hard 
rubber, disregard all reference to the Rubber 
Solvent Method. 


Analysis of Ash 

31. Analyze one sample of ash (Section 
17) for silicon dioxide and insoluble 
matter, lead, iron and aluminum oxides, 
calcium oxide, and magnesium oxide as 
described in the following Paragraphs (a) 
to (e). Analyze another ash sample 
for zinc oxide as described in Paragraph 
(/). .Use 1-g. samples for soft rubber 
products and 2-g. samples for ' hard 
rubber products. 

(a) Silicon Dioxide and Insoluble Mat^- 
/er.— Dissolve one of the. samples of ash 
in 10 ml. of HCl (sp. gr. 1.19), rinse the 
crucible thoroughly, dilute to 100 ml., 
and evaporate to dryness in a casserole. 


Bake for 1 hr. at 110 C. Moisten with' 
10 ml, of HCl (sp. gr. 1.19) and 3 drops 
of HNO 3 (sp. gr. 1.42), and digest, for. 
15 min. on the steam bath. .Add 100 
mi. of water, boil, filter, and wash w.itfa 
hot water. Dry and ignite in a porce- 
lain crucible. Weigh to deterinine the 
Si 02 and insoluble matter. If the residue,: 
is large enough to just,ify an analysis for 
SiOa, transfer to a platinum crucible and 
add 2 to 3 ml. of HF and a few drops 
of H2SO4 (sp. gr. 1.84). Evaporate 
to dryness, and carefully ignite at a low 
red heat. The loss in weight is SiOg.' 
Calculate the percentages of Si 02 and 
of Si 02 and insoluble matter as follows: 

Si 02 and insoluble matter, per cent = 


SiOa, per cent 


{A - B) - {D- E) 
C 


X 100 


where: 

A = weight of residue and porcelain 
crucible after ignition, 

B = weight of porcelain crucible, 

C = weight of original sample, 

D = weight of residue and platinum 
crucible after treatment with 
HF and ignition, and 
E == weight of platinum crucible, 


A large residue after the HF treat- 
ment may be BaS 04 , PbS 04 , TiOs, which 
may be identified by microscopic exam- 
ination. If small amounts of AI 2 O 3 
and Fe 203 are present in the residue, they 
may be dissolved by fusion with potas- 
sium pyrosuHate, reprecipitated with 
NH4OH, and added to the R 2 OS precip- 
itate, provided Ti 02 is absent and an 
exact analysis for AI 2 O 3 , Fe 203 , or both 
is desired. 

(&) Lead—k complete, precipitation 
of the lead as PbS may be made if the 
concentration and acidity are carefully 
controlled. Just neutralize the filtrate 
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from the determination of silicon dioxide 
and insoluble matter with NH 40 H', and 
add 1 ml of HCl (sp. gr, 1.19). Run a 
rapid stream of H 2 S into the solution and 
dilute to between 50 and 100 ml. Con- 
tinue the addition of HsS until precipi- 
tation is complete. Filtetj and wash 
with a saturated solution of H2S. If 
antimony is present, it will precipitate 
under these conditions; zinc may also 
be precipitated, but neither will inter- 
fere with the determination of lead. 
Dissolve the PbS in diluted HNO3 
( 1 : 1 ); boil to complete solution. If 
antimony is present it may not be dis- 
solved by this procedure. Filter. Cool 
the filtrate, add 10 ml. of H2SO4 (sp. 
gr. 1.84), and evaporate to dense white 
fumes of H2SO4. Cool, dilute with 50 
ml. of water, add an equal volume of 95 
per cent alcohol, and let stand overnight. 
Filter on a tared Gooch crucible, wash 
with 50 per cent alcohol, and dry at 
105 C. Calculate the percentage of 
lead as follows: 


Lead, per 


• B ) X 
C 


where: 

A = weight of crucible and PbS 04 , 
B = weight of crucible, 

C — weight of original sample, 

and 

0.6832 — conversion factor from PbS 04 
to metallic lead. 


(c) Iron and Abminum Oxides (-R 2 O 3 ). 
— Boil the filtrate from the lead sulfide 
vrecipitation to expel H 2 S. Adjust the 
polume of solution to 100 to 150 ml. 
Add a few drops of HNO3 and boil the 
solution again. Test for ferrous iron, 
using K 3 Fe(CN )5 as an outside indicator 
on a spot plate. If ferrous iron is pres- 
ent, add more HNO3 and proceed as 
before until all the iron is oxidized. Add 
5 g. of solid mhCl , ' Add NH4GH ,(sp. 


gr. 0.90) until the solution is colored' 
definitely yellow by ^ methyl red, but do 
not add an excess. Heat to boiling and 
boil for 5 min. When the precipitate 
has settled, filter, .with the aid of fi,lter 
pulp if the precipitate is large, .and wash 
with NH 4 CI (2 per cent). Carefully , 
char off the filter paper, at tempera- 
ture and ignite the residue in a freely 
oxidizing atmosphere. Calculate the 
percentage of R2O3 as follows: 

(A - B ) 

RaOi, per cent «= — ~~ x 100 
where: 

A = weight of crucible and R2O8 
(Fe203 + AI2O3), 

B = weight of crucible, and 
C = weight of original sample. 

Iron in the R 2 O 3 residue may be de- 
termined, if desired, by fusing the resi- 
due with potassium pyrosulfate, dis- 
solving the melt in 6 N H 2 SO 4 , reducing 
the iron with amalgamated zinc, and 
titrating the iron with KMn 04 . 

(d) Calcium Oxide,— Zinc must be 
removed before the determination of 
calcium and magnesium, oxides. Dilute 
the filtrate from the R 2 O 3 determination 
to 250 ml. Make the solution just acid 
with 6 N HCL Pass in a rapid stream 
of H 2 S, allow the precipitate to settle, 
and filter. Test for complete removal 
of zinc with (NH 4 ) 2 S in alkaline solu- 
tion. Filter again if necessary. Make 
the filtrate just acid with 6 W HCl, 
and evaporate to 150 ml. Filter to 
remove sulfur. Add methyl red indi- 
cator, heat to 50 C., neutralize with 
NH4OH (sp. gr. 0.90), and add 1 ml. 
-in excess. Make the solution just acid 
with a solution of oxalic acid (H 2 C 2 O 4 ) 
(to per cent), add 12 'ml, in excess, and 
boll for 2 min.,. while stirring vigorously. 
Add approximately 50 .ml of saturated 
ammonium oxala.te .((NH 4 ) 2 C 204 ) .„(4 per 
cent), adding more if the solution is still 
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acid to methyl red^ dEute to 250 to 300' 
ml.j boE for 2 min. ^ and digest on a steam 
bath for 1 hr. Allow to cool, filter, and 
wash with a solution containing 0.2' 
per cent of (N.H4)2C204 and 0.1 per cent 
of H2C2O4* Dissolve the precipitate in 
50 ' ml. of warm 3 N HCl and reprecip- 
itate by the above procedure, uniting, 
filtrate and washings with the first 
filtrate and washings. The quantities 
of H2C2O4 and (NH4)2C204 used in the 
reprecipitation may be one-half or pos- 
sibly only one-fourth as large as in the 
first precipitation. If CaO is to be 
determined volumetrically, wash the 
precipitate of CaC204 finally with water, 
dissolve the precipitate from the paper 
in hot 6 N H2SO4, and titrate hot with 
standard 0.1 iV KMn04,® finally adding 
the fidter paper to the mixture and finish- 
ing the titration rapidly. A sintered 
glass crucible of fine porosity may be ad- 
vantageously substituted for the filter 
paper. If CaO is to be determined grav- 
imetrically,dry and ignite the precipitate 
in a covered procelain crucible, the igni- 
tion temperature being from 1000 to 
1200 C. Calculate the percentage of 
CaO as follows: 

Volumetric method: 


CaO, per cent 


A X N X 0.028 
C 


X 100 


where: . 

A , = ' milliliters of KMn04, 

TV' = ' normality , of 'KMn04, 

C = weight of original sample, and 
0.028 = grams of CaO equivalent to 
each milEiter of exactly 1 
NKMuOa. 


where: 

A = weight of precipita'te plus crucible, 
D = weight of crucible, and ' 

C = vreight of original • sample. 

(e) Magnesium Evaporate to. 

dryness the. combined filtrates and wash- 
ings from the determination of calcium. 
Add SO ml. of HNOs (sp.gr. 1.42), cover, 
and warm until evolution of gas subsides. ' 
Uncover and evaporate to dryness, 
avoiding spattering. Heat the residue 
on a hot plate for 2 to 3 hr., overnight if 
convenient. Dissolve the residue in 
100 nE. of ’water, slightly acidify with 
HCl, add 25 ml. of (NH4)2HPa (100 g.; 
per L). Cool to 15 C. (preferably use an 
ice bath), neutralize very slowly with 
NH 4 OH (sp. gr. 0.90) while stirring con- 
stantly, using methyl red as an indicator, 
and add 10 ml. of NH 4 OH in excess. 
Let the solution stand overnight, filter 
without attempting to transfer the 
precipitate, and wash with 1 N NH 4 OH, 
Dissolve the precipitate in warm 3 TV 
HCl, using the beaker from wdiich the 
precipitate was filtered. Dilute to 100 
ml, add 5 ml. of (NH4)2HP04 (100 g. 
per L), neutralize very slowly 'with 
NH 4 OH, while stirring constantly, and 
add 5 ml. of NH 4 OH in excess. Let 
stand for at least 4 hr., then filter 
through paper or asbestos which is 
known not to be affected by ignition 
with alkaline phosphates. If paper is 
used, it must be charred off at very low 
temperatures to prevent fireproofing of 
the paper. Ignite to Mg2P207 at 1000 
to 1200 C. for 60 min. and weigh. Cal- 
culate the percentage of MgO as follows: 


-Gravimetric method: 

A — jD ■ 

CaO, per cent « — X 100 


«Tiie O.IW KMn04 here used shall be standards 
against National Bureau of StandardsV standard sample 
40c of sodium oxalate in accordance with the instructions 
furnished with the standard sample. 



where: 

A = weight of crucible and precipitate, 
B = weight of crucible, 

C* = weight of original sample, and 
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0.3621 ~ coBversion factor from Mg2P207 

(f) Zinc Oxide. the second 
sample of ash in 15 ml. of HCl (sp. gr. 
1.19) in a beaker. Remove the cru- 
cible from the beaker, rinsing it thor- 
oughly. Evaporate the solution to 5 
ml. and cool. Add 10 ml. of satu- 
rated bromine water, 5 g, of NH4CI, 
15 ml. of NH4OH (sp. gr. 0.90), and boH 
vigorously for 3 min. Filter off the pre- 
cipitated hydroxides, washing in four 
portions with 100 ml. of a solution con- 
taining 5 per cent of NH4CI and 2.5 per 
cent of NH4OH (sp. gr. 0.90). Dilute 
the solution to 250 ml., heat to boiling, 
and add 4 drops of (NH4)2S to destroy 
oxidizing agents. Divide the solution 
into two exactly equal portions, dilute 
each to 250 ml., neutralize with HCl 
(sp. gr. 1.19), and add 10 ml. in excess. 
Titrate one portion at 75 C. with 
K4Fe(CN)6 using uranyl acetate as an 
outside indicator. The first appearance 
of a brown coloration on the spot plate 
indicates the end point. Titrate this 
first portion by adding 2-ml. increments 
of K4Fe(CN)6. Then titrate the other 
portion of the solution carefully in order 
to get the exact end point. 

Standardize the K4Fe(CN)6 against 
zinc of known purity by the same method 
as used for the determination. Each 
analyst should run his own standardiza- 
tion because of variations in color sensi- 
tivity. Blanks must be run on the 
standardization and on the analysis. 
Calculate the percentage of ZnO as 
follows: 

X jB 

ZnO, per cent — — X 100 

where: 

A = milliliters of K4Fe(CN)6, 

B — grams of ZnO equivalent to each 
milliliter of K4Fe(CN)6, and 
C — weight of original sample. 


Calculations 


. 32. (a) Acetone Extract . — Percentage 
of acetone extract corrected, equals per- 
centage of acetone extract, uncorrected, 
minus percentage of free sulfur, and per- 
centage of waxy hydrocarbons. The 
percentage of waxy hydrocarbons equals 
percentage of hydrocarbons A plus per- 
centage of hydrocarbons B. When the 
percentage of organic acetone extract is 
required, this shall be taken as the 
percentage of acetone extract, imcor- 
rected, minus the percentage of free 
sulfur. 

{b) Glue. — Multiply the percentage of 
rubber as compounded by 0.004 and 
6.5 and call this value A* Subtract .4 
from the percentage of glue and call 
this value B. Substitute B for glue 
in calculating the percentage of rubber 
hydrocarbons and then complete the 
calculations. 

{c) Sulfur as Antimony Tristdfide . — 
Percentage of sulfur as antimony tri- 
sulfide equals percentage of total anti- 


mony multiplied by — equals percent- 
bbs 

age of total antimony multiplied by 


0.400. 


(d) Antimony as Trisiilfide. — Percent- 
age of total antimony as trisulfide equals 
percentage of total antimony multiplied 

by equals percentage of total 

ob2 

antimony multiplied by 1.400, 

(e) Total Sulfur^ Corrected. — Percent- 
age of total sulfur corrected equals per- 
centage of total sulfur minus percentage 
of sulfur as barium sulfate minus per- 
centage of sulfur as antimony trisiilfide. 
When barium carbonate is found, the 
percentage of sulfur necessary to convert 
it to sulfate must be added to the total 
sulfur, corrected. 

(/*) Ash^ Corrected.— of ash 
corrected equals percentage of ash minus 
percentage of sulfur in ash plus per- 
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centage of sulfur as barium sulfate minus 
percentage of antimony in ash, calcu- 
lated to S.b 204 . 

(g). Rubber Hydrocarbon . — Percentage 
of rubber ' hydrocarbon equals 94/97 
(100 - C) where C equals the sum of the 
following constituents, except when it 
is' determined by the Joint Rubber 
Insulation Committee’s Procedure (Sec- 
tion 28): ' 

Organic acetone extract 
Chloroform extract 
Alcoholic-potash extract 
Corrected total sulfur 
Ash, corrected 
Carbon 
Glue 

Total antimony ks trisulfide 

Rubber as Compounded 

33. The percentage of rubber hydro- 
carbon plus 6 per cent of its weight is 
taken as “rubber as compounded/’ ex- 
cept when the sum of the percentages 
of the acetone extract corrected, chloro- 
form extract, and alcoholic-potash ex- 
tract is less than the figure represented 
by the arbitrary 6 per cent, as in many 
high-grade compounds. Percentage of 
rubber as compounded is then equal to 
the percentage of rubber hydrocarbon 
plus the sum of the percentages of the 
acetone extract corrected, the chloro- 
form extract, and the alcoholic-potash 
: extract. 

RXG 

Rubber by volume, per cent — — 

0.911 

A 

Ratio of organic acetone extract ~ ^ ^ 

S 

Ratio of sulfur to rubber = “r X 100 
K 

■ where: ' 

R == the percentage of rubber as 
: compounded, ■ , 

G = the specific gravity of the com- 
/, pound, , 


0.911 = the assumed specific gravity 
of rubber, ' 

A == the percentage of organic 
acetone extract, and 
S == the percentage /total sulfur, 
corrected. 

Report 

34. The report shall include' the fol- 
lowing: 

(а) Percentage of acetone extract, 

corrected, 

(б) Percentage of waxy hydro- 

carbons, 

(c) Percentage of. chloroform ex- 

tract, 

(d) Percentage of alcoholc-potash 

extract, 

(e) Percentage of free sulfur, 

(f) Percentage of total sulfur, 

corrected, 

(g) Percentage of ash, corrected, 
(k) Percentage of cellulose, 

(i) Percentage of sulfur as barium 

sulfate, 

(j) Percentage of total antimony, 

(k) Percentage of sulfur as anti- 

mony trisulfide, 

Q) Percentage of carbon, 

(m) Percentage of glue, 

(n) Percentage of rubber hydro- 

carbon, 

(<?) Percentage of rubber, as com- 
pounded, 

(p) Percentage of rubber by vol- 
ume, 

(g) Ratio of acetone extract to 
rubber as compounded, 

(f) Ratio of sulfur to rubber as 
compounded, and 
(s) Specific gravity. 

B. Rubber Solvent Method 
Nature of Test 

35. (a) Solvents for vulcanized rubber 
have been suggested from time to time 
in attempts to isolate the compounding 
ingredients in rubber goods by methods 



960 


Chemical ' Analysis of ■ Rubbeii Probhcts (I) 297 ~ 43 T) 


wMch would avoid the thermal decom- 
position incident to the ash method. 
Aniline, terebene, kerosine, toluene, and 
cymene have been used with success. 
For the most part, filtration is slow 
with these' solvents. 

(b) In the methods given in Sections 
36 to 38, the rubber solvent consists of 
a mixture of 300-deg. mineral seal oils 
from two or more sources.®^ Before use 
the mixed oils are passed through a 
column of fuller^s earth contained in a 
glass tube '3 ft. in length and 1| in. 
in diameter. The filtered mixture is 
practically colorless. The rubber hydro- 
carbon in vulcanized soft rubber com- 
pounds is dissolved by the solvent in 
about 2 hr, at 130 to 150 C. The subse- 
quent operations incident to isolating 
the compounding ingredients are con- 
ducted as readily as with an aqueous 
solution. The solvent is recommended 
because of completeness of separation 
and the rapidity with which it may be 
filtered. It has been determined em- 
pirically that the colloidal solution of 
rubber formed does not have the dis- 
advantage of slow filtration which is 
t 3 ?pical of some other solvents of vulcan- 
ized rubber. 

(c) After the mixture of mineral oils 
has acted on a rubber compound, the 
rubber is dissolved and the fillers remain 
for some time in suspension in the solu- 
tion. On continued heating the fillers 
settle to the bottom of the container. 
In mixtures of asbestos fibers and rubber 
compound, such as are present in com- 
pressed asbestos sheet packing, it is 
possible by the above difference in be- 
havior to separate the rubber and rubber 
compound ingredients from the asbestos 
fibers. While the fillers are still in sus- 
pension the solution is poured through a 
sieve, which retains the fibers. A 177- 
micron (No. 80) sieve® is recommended 
for the purpose. Subsequently, by con- 

Editorially revised in February, 1945. 


tinned , heating the rubber and com- 
pounding ingredients, may be separated. ' 
Any asbestos present as asbestine is 
separated with the compounding ingre- 
dients. In the case of, rubber goods 
prepared from new rubber, ■ a small 
amount of undissolved material is ob- 
'■ tained for which a correction must be 
made. 

Note. — S ee the statement regarding decom- 
posable fillers, Section 8 (d). 

Procedure 

36. Weigh two portions and 

of from 0.5 to 1 g. each of the finely- 
ground sample. Extract with a mixture 
of 32 per cent of acetone and 68 per cent 
of chloroform by volume for a minimum 
of 8 hr.'^ If the liquid in the extraction 
apparatus is still colored at the end of 
this time, continue the extraction. Re- 
move the samples and put each into a 
150-mI lipped assay flask, add 20 to 
25 ml. of the oil (see Section 3 (i)), cover 
with a watch glass and heat in an air 
bath at a temperature of ISO to 155 C. 
until solution appears complete, and 
then continue the heating for 15 to 
30 min. more. Solution may be con- 
sidered complete when the rubber colloid 
has been broken down and the oil seems 
quite clear. Remove the flasks from 
the air bath, cool to about 110 C., and 
add in a small stream 10 to 15 ml. of 
benzene, while mixing thoroughly; allow 
to cool and then dilute with sufficient 
petroleum ether to fill each flask to 
within about 2 cm. of the top. Mix 
thoroughly, cover the flasks to prevent 
evaporation and allow the mixture to 
stand overnight. 

37. Treatment of Portion {a) 

Prepare a Gooch crucible with finely 
divided asbestos that has been previously 
treated with strong NaOH solution and 
HCl (sp, gr. 1.19) and washed well with 
water. Ignite the erucible, cool, and 

’ National Bureau of Standards Technologic Paper 
N 0 . 162; also Rubber Age and Tire Wews, pp, 445-447 (1920) . 
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weigh; call this weight c. Filter the 
m.ixture by decantation through the 
crucible, using suction; wash well with 
petroleum ether, followed by warm ace- 
tone, and by a warm mixture of equal 
volumes of acetone and chloroform if the 
.filtrate is dark. Remove as much as 
possible of the organic residue by w^ash- 
ing; finally, wash with hot alcohol. A 
portion of the fillers will remain in the 
flask. Dry the crucible and flask with 
their contents for 1 hr. at a temperature 
of 105 to 110 G. Cool, and weigh. Cali 
the weight of the flask and contents 
and the weight of the crucible and 
contents e. 

(i) Remove the acid-soluble com- 
pounding ingredients from the flask and 
Gooch crucible, collecting the solution in 
a 400-mL beaker, by adding to the flask 
and crucible a few milliliters of boiling 
alcohol. Allow to soak for 2 or 3 min. 
and then wash two or three times with 
boiling water; let the flask cool, add 10 
mL of HCl (sp. gr. 1.19) and swirl the 
flask to bring the acid in contact with 
the compounding ingredients. Pour the 
acid from the flask into the crucible and 
let it stand until no more bubbles rise 
through the liquid. If carbonates are 
present, there is danger of loss by exces- 
sive frothing. This can be prevented by 
first adding a few drops of the acid to the 
crucible and sucking it through the pad. 
After the violent action has ceased, add 
the remainder of the 10 ml. of acid. 
When no more gas is evolved, draw the 
acid through the pad and again wash 
with 20 ml of acid, adding a little at a 
time. . Wash well with hot water, and 
transfer as much as possible of the resi- 
due remaining in the flask to the asbestos 
pad. If by qualitative tests the sai^pk 
was found to contain antimony, save the 
filtrate and w^ashings for treatment as 
described in Paragraph (c). Dry the 
flask and crucible for 1 hr. at 105 to 110 
C., cool, and weigh. Call the weight of 


the flask /, and that of , the crucible co.n- 
taining the - organic , residue and - acid- 
insoluble -fillers , Burn the organic 
residue from' the asbestos pad by igniting 
in a furnace at a temperature of 700 C., 
cool, and iveigh. Call this w-eight , If 
the sample contains barytes, .save the 
contents of the crucible for treatment 
as described in Paragraph ({f). 

{c) Determination of Sulfur Present as 
AniimoHy Trisulfide? — Dilute the fil- 
trate in the beaker (see Paragraph (5)) 
to about 250- ml. and precipitate the 
antimony with H 2 S. Filter off the anti- 
mony sulfide and wash the precipitate 
with H 2 S w^ater to which a little HCl has 
been added. Transfer the filter paper 
containing the antimony precipitate to a 
Kjeldahl flask, and add 12 ml. of H 2 SO 4 
(sp. gr. 1.84), and 5 g. of potassium sul- 
fate. Heat the solution gently until it 
is colorless, dilute to iOO ml and add 1 
to 2 g. of sodium sulfite. Boil until the 
sulfur dioxide is driven out. Deter- 
mine antimony from this point as 
described in Section 21 . Calculate the 
antimony present to antimony trisulfide 
and express the sulfur present as anti- 
mony trisulfide in percentage of the 
sample and call this L, 

{d) Determination of Barytes. — Trans- 
fer the contents of the crucible (see 
Paragraph (5)) to a 50-ml porcelain 
crucible and fuse with 5 g. of a mixture 
of equal parts of sodium carbonate 
and nitrate. Stir weE during the fusion. 
Cool the crucible, put it into a 2S0-ml. 
beaker, cover with distilled water and 
proceed from this point exactly as in 
the analysis of barium sulfate, Section 20. 



iOQ X wt. of BaS04 X 0.1373 
wt. of sample 


where B = the percentage of ' sulfur 
present as barytes. . , 


» S. Collier, M. Levin and J. A. Scherrer, “Determina- 
tion of Antimony in Rubber Goods/* India Rubber World. 
irol.64.p. 580 (1921). 
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38. Treatment, of Portim for SuU 
fw: in Compounding Ingredients.— Txmt 
portion- as described in Section 37 (a), 
but omit the weighing of the crucible. 
After the pad has been dried, transfer it 
to the flask. The last traces of the fillers 
can be removed from the sides of the 
crucible with wads of absorbent cotton 
moistened with a little warm water. 
Add to the fillers about 10 ml of bromine 
water, and swirl the flask to moisten the 
contents. Add 20 ml of HNOa (sp. gr. 
1.42) saturated with bromine. Allow 
to stand for 15 min. and then heat on 
the steam bath for 1 hr. Transfer the 
contents of the flask to a 75-mL crucible 
and evaporate to dryness. Complete 
the determination of sulfur by the 
method described in Section 15. fiet the 
value for the percentage of sulfur in 
compounding ingredients be represented 
by n. 

Calculations 

39. (a) Calculate the percentage of 
total inorganic compounding ingredients, 
corrected, from Eq. (1). 

Total inorganic compounding 

ingredients corrected — 

(J) To determine the percentage of 
rubber hydrocarbon subtract from 100 
the sum of the percentages of acetone, 
chloroform, and alcoholic-potash ex- 
tracts, free carbon, glue, total sulfur 
corrected, and total inorganic com- 
pounding ingredients corrected. 

C. Short Procedure 

Scope 

40. The short procedure shall be used 
only for the analysis of simple rubber 
compounds consisting of rubber, sulfur 
and undecomposible compounding in- 


gredients as shown by the preliminary 
■examination of the' sample described in 
Section 7 (a) , to, (/), inclusive, or as 
specified. 

Acetone Extract 

41. The acetone extract shall be deter- 
mined as described in Section 11. 

Free Sulfur 

42. The free sulfur shall be determined 
as described in Section 16, 

Alcoholic Potash Extract 

43. The alcoholic potash extract shall 
be determined as described in Section 13, 

Total Sulfur 

44. The total sulfur shall be deter- 
mined as described in Section 15. 

Ash 

45. The ash shall be determined as 
described in Section 17. 

Calculations 

46. The percentage of rubber shall be 


considered to be the difference between 
100 and the sum of the total sulfur, ash, 
free carbon, and similar ingredients. If 
the alcoholic-potash extract is over 2 per 
cent of the rubber as first calculated, 
subtract this excess also from the rubber. 
The organic-acetone extract shall be ob- 
tained by taking the difference between 
the total acetone extract and the free 
sulfur. The organic-acetone extract, free , 
sulfur, total sulfur, and alcoholic-potash 
extract shall be figured on the amount of 
gum as found by the above procedure. 

Check Analyses 

47. Duplicate determinations when 


— h (1) 

wt. of sample 
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required shall check within the following 
limits, expressed as percentages of the 
gum present, as found by analysis, ex- 
cept as stated: 

Check Within, 
per cent 


Organic-acetone extract 0.20 

Free sulfur. , . 0.10 

Total sulfur. 0.10 

AlcoKoiic-potash extract ' 0.10 

Ash calculated on total compound. . . 0.25 


(b) Aeration Assembly.— An. aeration, 
assembly (see Fig. 5) containing a.' capil- 
lary tube, /, wbich when connected to the 
vacuum line will maintain through the 
receiving flask an air flow of approxi- 
mately 2 L per min. If the vacuum, is 
less than 30 mm. of mercury a capiHary 

TABLE I.— DEGREE OF INTERFERENCE OF 
RUBBER COMPOUNDING INGREDIENTS, 


D. Direct Determination of Rubber 
Hydrocarbon® 

Mature of Test 

48. This procedure covers the deter- 
mination of rubber hydrocarbon in 
crude and vulcanized rubber compounds, 
balata, and in mixtures of rubber with 
certain rubber-like materials (Note). 
The procedure consists essentially of 
quantitatively oxidizing the rubber hy- 
drocarbon by means of digestion in 
chromic acid solution, after which the 
acetic acid formed is separated by dis- 
tillation, and determined by titration 
of the distillate after carbon dioxide has 
been removed by aeration. This pro- 
cedure is also applicable to reclaimed 
rubber, but it has been found to give 
consistently lower than previously ac- 
cepted estimates of the rubber hydro- 
carbon content of reclaimed rubber. 


Note. — Limitations as to types of materials 
analyzed by this procedure and interference 
from the usual compounding ingredients are 
summarized in Tables I and II. 


Apparatus 

49. The apparatus shall consist of the 
following: 

(a) Digestion and Distillation As- 
sembly— The digestion and distillation 
apparatus shown in Fig. S may be con- 
veniently assembled on a ring stand 
with a tripod foot. The use of rubber 
connections shall be avoided where 
they might come into contact with the 
digestion mixture. 


» y. L. Burger, W. E. Donaldson, and J. A. Baty, “A 
Direct Determination of Rubber Hydrocarbon, Chromic 
Acid Oxidation Method,” ASTM Btoletin, No. 120, 
January, 1943, p. 23. 


Compounding 

Ingredient 

Interference 

Combined sulfur 

none in norma! soft cures 
none as tested in tread stocks 
negligible, 2 per cent or less of its 
weight reacts as if it were rubber 
hydrocarbon 

removed by acetone and chloro- 
form extraction. If not ex- 
tracted, approximately 45 per 
cent of its weight reacts as if it 
were rubber hydrocarbon 

I negligible, after acetone and chlo- 
! reform extraction 


Asphaltic hydrocar- 
bon (mineral rub- 
ber) 

Factice, brown 



TABLE II.-BEHAVIOR OF RUBBER-LIKE 
MATERIALS IN CHROMIC ACID 
OXIDATION PROCEDURE. 


Material 


Value Obtained 


Hard rubber. 

Balata 

Thiokol RD. 

Perbunan. . . 

Buna S 


Vistenex 

Neoprene GN 


approximately SO i>er cent of its 
weight reacts as if it were rub- 
ber hydrocarbon 

approximately equivalent to rub- 
ber 

approximately 18 per cent of its 
weight reacts as if it were rub- 
ber hydrocarbon 

approximately 1.5 to 2 per cent of 
its weight reacts as if it were 
rubber hydrocarbon 
approximately 3 per cent of its 
weight reacts as if it were rub- 
ber hydrocarbon 
virtually unattacked 
approximately 3 per cent of its 
weight reacts as if it were rub- 
ber hydrocarbon if a modifica- 
tion of the procedure is used to 
avoid the interference of chlo- 
rine® 


® This modification consists of adding neutral potas- 
sium iodide to the distillate after aeration and titrating 
any iodine which may be released with neutral sodimn 
thiosulfate before proceeding with the titration with 
0.1000 WNaOH. 


tube approximately 10 cm. in length 
with an 0.75-mm. bore will maintain the 
required air flow. Since it is essential 
that the aeration be maintained at a rate 
within 10 to 20 per cent of 2 1. per min., 
each capillary shall be tested before use. 
The following method may be used: 
Invert a graduate over a beaker filled 
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with water and evacuate the air through 
the capillary by means of a tube extend- 
ing up into the graduate. The rate of 
air flow will be the same as the rate at 
which the water fills the graduate. 

Reagents ■ 

50. (a) Chromic Acid Digestion Mix- 
ift^re.—Dissolve 200 g. of reagent grade 
CrOa in 500 ml. of distilled water, 
add ISO ml. of reagent grade H2SO4 (sp. 
gr. 1.84), and mix well. 

(b) Standard Sodium Hydroxide Solu- 
tion {0 MOON). 

{c) Alcoholic Phenolphthalein Indi- 
cator Solution (10 g. per L). — ^Dissolve 
10 g. of U.S.P. phenolphthalein in 500 
ml. of U.S.P. ethanol, and dilute to 1 
liter. 

Procedure 

51. (a) Vulcanized Rubber, — ^Weigh a 
sufficient amount of the sample sheeted 
to a thickness of 0.5 mm, (Note 1), to 
contain approximately 0.3 g. of rubber 
hydrocarbon. Wrap the sample loosely 
in filter paper, and extract with acetone 
for at least 8 hr. as described in Section 
11. After the acetone extraction, ex- 
tract the sample with chloroform for 4 
hr. as described in Section 12. Dry in an 
oven at 100 C. for 1 hr. 

(b) Unvulcanized or Reclaimed Rub- 
ber, — ^Weigh a sufficient amount of the 
sample sheeted to a thickness of 0.5 mm. 
(Note 1), to contain approximately 0.3 
g. of rubber hydrocarbon. If the mate- 
'rial is unvulcanized or reclaimed rubber, 
suspected of containing mineral rubber 
or factice, vulcanize the material by a 
simple known recipe, and after a sample 
of the vulcanizate has been prepared, 
extract it with acetone and chloroform 
(Sections 11 and 12) (Note 2). Dry in 
an oven at 100 C. for 1 hr. 

(c) Place 700 to 900 nil. of distilled 
water in the steam-generating flask, .4, 


Place a few milliliters of water, sufficient 
to cover the end of the adapter, in the 
receiving flask, H, Mark the outside 
of the digestion flask, C, at a point 
indicating the liquid level when the 
flask contains 75 ml. Transfer 50 =h 1 
ml. of the chromic acid digestion mixture 
in the digestion flask. Lift the steam 
tube, J3, and insert the sample extracted 
in accordance with Paragraph {a) or (h) 
into the digestion flask (Note 3). Re- 
place the steam tube and tighten the 
connection. Heat the beaker of water 
surrounding the digestion flask to boil- 
ing, continue boiling for 1 hr., and re- 
move the burner and beaker. 

(d) During the digestion period, heat 
the steam-generating flask, 4, with the 
stopper removed, until the contents are 
boiling. At the end of the digestion 
period, replace the stopper and outlet 
tube in the mouth of the steam-generat- 
ing flask, adjust the burner to maximum 
heat, and pass the steam through the 
digestion flask, C. When the volume 
of the liquid in the digestion flask is 
increased to approximately 75 ml., 
place a small flame under the flask, 
keeping it at a point which will maintain 
the volume in the digestion flask at 75 
ml. Continue the distillation until 500 
ml. have been collected in the receiving 
flask, E, Remove the burners, imme- 
diately remove the receiving flask and 
the adapter, G, and rinse the adapter 
with water from a wash bottle, catching 
the washings in the receiving flask. 

(e) Adjust the temperature of the 
liquid in the receiving flask to 25 zfc 5 C., 
insert the aeration assembly into the 
receiving flask, and attach to a vacuum 
line. Draw a stream of air through the 
liquid for 30 min. at a rate of approxi- 
mately 21. per min. (Note 4). Remove 
the rubber tubing and loosen the two- 
hole stopper. Rinse the stopper and 
glass tubing with water from a wash 
bottle, catching the rinsings in the 
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receiving flask. Add alcoholic phenol- 
phthalein indicator solution (10 g. per 
1.) to the receiving flask, and titrate 
with 0.1000 N N&OB. 

if) Blank . — Make a blank deter- 
mination, following the procedure de- 
scribed in Paragraphs (c), (d), and (e) 
and using the same amounts of all rea- 


.mended. Variation o.f any of these factors; may. 
lead to erroneous analytical results. 


Calctilation 


52. Calculate the percentage of rubber 
hydrocarbon as follows (Note): 


Rubber hydrocarbon, per cent 


0,908(^..S) 

C- 



A, STEAM GENERATMS FLASK. SOOOML 
B STEAM T!JBE,$24A0JOWi: 

C OGESTW FLASK. 3O0ML 
D (XiNNECriNG TUBE. 5 24/40 JO»4irS 
a COMvCrTNG BtJLa$24/40XSNT 
F CONDENSER 
G ADAPTER 

H. REr2:iW9G FLASK. 1000 ML. 

I. AERATION ASSEMBLY 

J. CAPILLARY TUBE 



Fig. 5. — ^Apparatus for Direct Determination of Rubber Hydrocarbon. 


gents. The blank should not exceed 
0.2 to 0.3 ml. 

Note 1. — The sample must be sheeted to a 
thickness of 0.5 mm. or less, since some mate- 
rials, such as crude rubber, may not otherwise 
be completely attacked by the oxidation mix- 
ture in the time prescribed for the digestion. 

Note 2.— Poorly vulcanized rubbers must 
not be extracted with chloroform. 

Note 3.^ — ^It is not necessary to remove the 
filter paper quantitatively from the sample 
before transferring it to the digestion fiask, 
since the interference of smaE amounts of cellu- 
lose is negligible. 

Note 4: Caution,— The rates of loss of carbon 
dioxide and of acetic acid during aeration have 
been investigated for the temperature range, 
type of apparatus, and rate of air flow recom- 


where: 

A = milliliters of NaOH solution re- 
quired to titrate the sample, 

B == milliliters of NaOH solution re- 
quired to titrate the blank, and 
C = weight of sheeted sample in grams. 

Note. — ^This calculation is based on the 
observation that a 75 per cent yield is always 
obtained in the reaction: 

(CsH 8)« 4- 0 wCHsCOOH 

using purified rubber. To calculate the results 
on the basis of crude rubber, a suitable correc- 
tion for nonrubber constituents of crude rubber 
is necessary. 
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Accuracy ' , , 

53. Results may be expected to be 
accurate within 2 per cent based on the 
weight of the sample. Results are 
lisualiy consistent to 0.5 per cent or less. 

E: DETERMINATION' OF COPPER AND 

Manganese in Crude Rubber 
Reagents : 

54. (a) C,F, Ammofiium Hydroxide 
{sp, gr. 0.90), 

(6) C.P, Fuming Nitric Acid. 

(c) C,P. Phosphoric Acid {85 per cent). 

(d) C.P. Sulfuric Acid {sp. gr. 1.84), 

{e) Standard Copper Sulfate Solution 

(1 ml = 0.00001 g. Cw) .—Dissolve 
0.3928 g. of c.p. CuS 04-SH20, which 
contains 0.1000 g. of copper, in 250 mL 
of copper-free water in a volumetric 
flask. Pipette 25 ml. of this solution 
into a 1-liter volumetric flask and dilute 
to volume with copper-free water. This 
final solution is the standard and will 
contain 0.00001 g. of copper per milli- 
liter, 

(/) Hydrogen Peroxide . — A solution, of 
hydrogen peroxide, approximately 30 
per cent by volume, essentially free of 
copper and manganese. 

(g) Standard Potassium Permanga- 
nate Solution (1 ml. = 0.0001 g. Mn ). — 
Prepare a diluted solution of KMn04t 
by diluting to 500 ml. in a volumetric 
flask, a quantity of standard KMn04t 
solution in accordance with the following; 
formula: 



wkefe: 

A = number of milliliters of standard 
KMn04 required, and 
N = normality of the standard 
KMn04 used. 

This solution contains 0.0001 g. of 
manganese per milliliter. Do not keep 
solution for more than one week. 


{h)- C.P. Potassium Periodate. : 

(i) Sodium Diethyldithiocarbamate 'So-\ 
hition . — Dissolve 1.0 g. of the salt in 
a liter of copper-free water. Place in an 
amber bottle and protect from strong light, 

{]) Gum Arabic Solution (5 per cent).— 
Prepare a S per cent solution of gum 
arabic in distilled water. 

Blank Determinations 

55. Run simultaneously, with each set 
of determinations, blank determinations 
using the same quantities of the same 
reagents. All reagents, including the 
distilled water shall be as free as possible 
from copper and manganese. 

Destruction of Organic Matter 

56. Accurately weigh approximately 
5 g. of the sample and transfer to a 
500-ml. Kjeldahl flask. Add carefully 
20 ml. of H2SO4 (sp. gr. 1.84) and one 
or two glass beads, place the flask on a 
digestion rack, and heat slowly until the 
mixture boils. Continue to boil gently 
until complete charring and disintegra- 
tion of the organic matter have occurred 
(boiling for about 15 to 20 min. is gen- 
erally required). As H2SO4 is consumed 
in the oxidation, add more in 5-mL 
portions, when needed, to maintain the 
volume at about 20 ml. When charring 
is complete, allow to cool and add 
carefully, in small portions, 5 ml. of 
fuming nitric acid. If a strong reaction 
occurs, stop the addition and swirl the 
contents of the flask until the reaction 
subsides, then carefully continue the 
addition. Heat the mixture with a low 
flame until the brown fumes have disap- 
peared, boil vigorously for a few min- 
utes, and then cool. Repeat this process 
until two successive treatments with the 
nitric acid produce no decrease in color 
(three S-ml. portions of nitric acid are 
generally sufiflcient). While agitating,. 
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dilute tlie contents of the flask with 100 
ml. of distilled water. Boil the solution 
down to strong fumes of sulfur trioxide 
and cool. This hydrolyzes the nitrosyl 
sulfuric acid and drives off oxides of 
nitrogen. If a yellow color is present in 
the solution at this point it is usually 
indicative of the presence of either iron 
or undigested organic matter, and the 
solution should be treated as follows: 
Carefully add 5 ml. of hydrogen perox- 
ide, Heat the mixture with a low 
flame to strong fumes of sulfur trioxide, 
boil vigorously for a few minutes, and 
cool. Repeat this process until t-wo 
successive treatments with hydrogen 
peroxide produce no decrease in color 
(two or three 5-ml. portions are generally 
sufficient). While agitating, dilute the 
contents of the flask with 100 ml. of 
distilled water. Boil the solution down 
to strong fumes of sulfur trioxide and 
then cool. This will remove any excess 
of hydrogen peroxide. Dilute the solu- 
tion with 100 ml. of distilled water. 
If the solution is clear, transfer to a 
250-ml. volumetric flask, dilute to vol- 
ume, and mix well. If the solution 
contains insoluble matter, heat to boiling 
and filter hot, by gravity, through No. 1 
Whatman filter paper or equivalent. 
Wash the filter well with hot distilled 
water, dilute to volume in a 250-ml. vol- 
umetric flask, and mix well. Aliquots of 
this solution are used for the determina- 
tion of copper, and of manganese if it 
is present in sufficient quantity. 

Copper 

57. (a) Pipette a suitable aliquot, 
usually 25 ml. of the solution, into a 
small Erlenmeyer flask or beaker. Drop 
in a small piece of litmus paper as 
indicator and make just alkaline with 
NH4OH. Add 1 to 2 ml excess NH4OH 
(sp. gr, 0.90), heat to boiling, and place 
on a steam bath until coagulation and 
precipitation of iron hydroxide are 


complete. If. aluminum is known to be 
present, allow to stand on the steam bath 
for at least 1 . hr. to insure complete 
precipitation of aluminum hydroxide. 
Filter by gravity, through No. 1 What-' 
man filter paper or equivalent, into a 
lOO-ml Nessler tube, and wash the filter 
with two or three small portions of hot 
distilled water. To the solution in the 
Nessler tube, add 1 ml. of gum arabic so- 
lution (5 per cent), 10 ml. of c.p. NH4OH 
(sp. gr. 0.90), and 10 ml. of sodium 
diethyldithiocarbamate solution in the 
order named. Dilute to the mark and 
mix well. To a second tube containing 
a similar aliquot of a blank solution 
carried through the entire analysis in 
the same manner as the sample, add 
equal amounts of the same reagents, 
dilute to about 90-ml., and mix. Ti- 
trate into the second tube with the 
standard copper solution from a 10-ml. 
burette (preferably graduated in tw^en- 
tieths of a milliliter) until its color 
matches that of the sample when diluted 
to the same volume. Mix well after 
each addition of copper solution. If the 
color in the sample tube is too deep for 
comparison, a smaller aliquot portion 
of the solution from the acid digestion 
must be used. If the color in the sample 
tube is too light for a good comparison, 
the amount of copper present (on the 
basis of a 5-g. sample) is below the 
accuracy of the method. Best results 
will be obtained when the aliquot con- 
tains copper equivalent to 1 to 5 ml. 
of the standard copper solution. 

(b) In case the solution in the tube 
containing the sample is turbid, some 
interfering substance is present, and a 
modified or different procedure will be 
necessary. 

(c) Calculation . — Calculate the per- 
centage of copper as follows: 

Copper, per cent « 

ml. of standard copper solution X O.OOi 
wt. of sample in aliquot 
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Manganese . , 

58. (d) Transfer a suitable aliquot, 
usually the balance of the solution in 
the 250-inL volumetric flask (Section 
56), to a 250-ml. beaker and evaporate 
to about 75-mL volume. (If the man- 
ganese content is very low a separate 
sample should be used and the whole 
solution from the acid digestion should 
be evaporated for the comparison.) 
Add 10 ml. of c.p. phosphoric acid (85 
per cent) to decolorize iron if present. 
Sprinkle in 0.5 g. of potassium periodate 
and bring the solution to a boil. Cool 
slightly, sprinkle in another small por- 
tion of potassium periodate (about 0.1 g.) 
and boil again. When the color seems 
to have developed to a maximum, place 
the beaker on a steam bath and keep hot 
for 15 min. Should there be any doubt 
about the completeness of the reaction, 
add more potassium periodate. After 
the sample has stood on the steam bath 
for 15 min. remove it, and allow to cool. 


If the color is too deep for a good com- 
parison, wash into a 250-ml. volumetric 
flask and dilute to volume with distilled 
water. Place a suitable aliquot (or the 
whole sample) in a lOO-ml. Nessler tube 
and dilute to the mark with distilled 
water. Place a similar aliquot of a 
blank solution, carried through the 
entire analysis in the same manner as 
the sample, in a second tube and dilute 
almost to the mark. Titrate into this 
second tube with the standard manga- 
nese solution from a lO-ml. burette 
(preferably graduated in twentieths of a 
milliliter) until its color matches that 
of the sample when diluted to the same 
volume. Mix the contents of the tube 
by pouring into a small beaker and 
stirring, not by shaking in the stoppered 
tube or using the hand as a stopper. 

(b) Calculation , — Calculate the per- 
centage of manganese as follows: 

Manganese, per cent =« 

ml. of standard manganese solution X 0.0 1 
wt. of sample in aliquot 
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dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 


Definitions 


1. These methods of identification and 


quantitative analysis of synthetic elas- 
tomers® are classified according to the 
following three divisions: 

A. Identification of Elastomers, 

B. Quantitative Analysis of Elas- 
tomers, and 

C. Determination of Compounding 
Ingredients. 

Method A includes a semi-routine 
qualitative scheme with confirmatory 
tests. Method B includes methods of 
quantitatively analyzing for individual 
elastomers present in an unknown com- 
pound. Method C covers the deter- 
mination of compounding ingredients in 
synthetic rubber compounds. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Revision accepted by the Administrative Committee 
on Standards, September 9, 1946. 

a For information concerning the development of these 
methods, the following references may be consulted: 

H. P. Burchfield, “Identification of Natural and Syn- 
thetic Rubbers,” Indnsirial and Engineering Chemistry, 
Analytical Edition, Vol. 16. p. 424 (1944). 

H. P. Burchfieldj “Qualitative Spot Tests for Rubber 
Polymers,” Industrial and Engineering Chemistry, Ana- 
lytical Edition, Vol. 17, p. 806 (1945). 

“Identification and Estimation of Natural and Syn- 
thetic Rubbers,” British Ministry of Supply, Admiralty, 
Ministry of Aircraft Production (1944). 


2. {d) Synthetic ' Elastomer. --K iiy of 
the synthetic rubber-like materials and 
some synthetic resins which occasionally 
occur mixed with these rubber-like ma- 
terials. 

Note. — This definition is intentionally made 
broader than is usual in the strictly scientific 
sense. 

(6) Chloroprene. — Polymers of chloro- 
prene with or without co-monomers 
present. 

{c) Styrene Rubbers. — S tyr ene - butadi- 
ene copolymers with or without other 
co-monomers present. 

(d) Nitrile Rubbers. — Butadiene- 
acrylonitrile copolymers with or without 
other co-monomers present. 

(e) Poly isobutylene Rubbers -Poly- 
merized isobutylene with or without co- 
monomers present, 

(f) Thioplasts. — Any of the polysuifide 
rubbers consisting of organic radicals 
linked through sulfur. 

(j) Polyvinyl Plastics. — Polyvinyl 
chloride, polyvinyl acetate, or mix- 
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tures of these with true elastomers. ■ 

(A) The descriptions of terms given in 
Section 2 of the Tentative Methods of 
Chemical Analysis of Rubber Products 
(A.S.T.M. Designation: D 297)^ shall 
also apply to the terms appearing in these 
methods. , 

Reagents ■ 

3. Reagents shall conform to the re- 
quirements prescribed in A.S.T.M. Meth- 
ods D 297. 

A. iDENTmCATION OP ELASTOMERS 
Application 

4. This method is suitable for the 
identification of natural rubber and the 
common synthetic elastomers and poly- 
vinyl resins when each is present alone 
in a compound. In some cases, com- 
ponents of mixtures may be identified. 
Supplementary tests based on the experi- 
ence of the operator may be employed 
to advantage in many cases. 

Apparatus 

5. The apparatus shall consist of the 
following: 

(a) Distillation Apparatus. — Test 
tubes, 10 by 75 mm., equipped wdth a 
glass condensing tube about 4 mm. in 
outside diameter attached to the test 
tube by means of a cork stopper. The 
condensing tube shall be bent at least 
90 deg. and shall extend about 100 mm. 
beyond the bend. 

(b) Receiver. — Test tubes, 10 by 75 
mm., for collecting distillate. 

Reagents 

6. (a) Solution I. — ^Dissolve 1.0 g. of 
^-dimethylaminobenzaldehyde and 0.01 
g. of hydroquinone in 100 ml. of absolute 
methanol. Add 5 ml, of HCl (sp. gr. 
1.18) and- 10 ml. of ethylene glycol. 
Adjust the specific gravity to 0.851 at 


* Appears in th.is publication^ see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


25/4 C. byAhe. addition of a calculated 
amount of methanol or ethylene glycol. 
The reagent is stable over a period of 
several months when stored ,iii a brown 

bottle. 

(b) Solution 11. — Dissolve 2,00 g. of 
sodium citrate ( 2 Na 3 C 6 li 507 - 11H20), 0.2 
g. of citric acid, and 0.03 g. of Metanii 
yellow in 500 ml. of distilled water. 

(c) Chloroprene’- Nitrile Spot . Test 
Papers and Wetting Solution. 

2.0 g. of cupric acetate and 0.25 g. of 
Metanii yellow in 500 ml. of methanol. 
Impregnate filter paper squares with the 
solution, dry, and cut into strips. To 
prepare the wetting solution, dissolve 
2.5 g. of benzidine dihydrochloride in a 
mixture of 500 ml. of methanol and 500 
ml. of water. Add 10 ml. of 0.1 per cent 
aqueous solution of hydroquinone. Store 
in a brown bottle. A precipitate, which 
usually forms on standing, does not affect 
the efficiency of the solution. If the 
solution is protected from light and air 
it can be used for several months, 

id) Poly isobutylene Spot Test Papers 
and Wetting Solution. — Use blank filter 
paper strips. To prepare the wetting 
solution, add 5.0 g. of yellow mercuric 
oxide to a mixture of IS ml. of H2SO4 
(sp. gr. 1.84) and 80 ml. of water. Bring 
to a boil, and continue heating until the 
oxide dissolves. Cool and dilute to 100 
ml. with water. 

(e) Rubber - Styrene Spot Test Papers 
and Wetting Solution. — Impregnate filter 
paper squares with a solution of 3 g. of 
;^-dimethylaminobenzaldehyde and 0.05 
g. of hydroquinone in 100 ml. of ethyl 
ether. Dry and cut into strips. Papers 
stored in brown glass bottles are stable 
for several weeks but will lose their ef- 
ficiency if stored in light. To prepare 
the wetting solution, dissolve 30 g. of 
trichloracetic acid in isopropanol and 
dilute to 100 ml. with isopropanoL Con- 
tact of this reagent with the skin should 
be avoided. 
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IdentifiGation by Pyrolysis Products 

7. Strip tiie rubber from any adhering 
fabric. Place. 0,5 g. of the sample in a 
test tube and attach the side arm. Heat 
.with a microburner or ve.ry small bunsen 
flame until the sample begins to decom- 
pose. When vapors appear at the mouth 
of the side arm, immerse the end beneath 
the surface of 1.5 ml. of Solution II con- 
tained in the receiver test tube. After 
it is evident whether a color change will 
take place or not, remove the tube and 
continue the distillation into 1.5 ml. of 
Solution I in another test tube. Permit 


TABLE I.—PYROLYSIS TEST. 



Solution I 

Solution II 

Material 

Initial Color 

Color After 
Heating 

Color 

Blank 

Polyvinyl 

pale yellow 

pale yellow 

green 

chloride 

yellow 

yellow 

red 

Chloroprene . . 

yellow 

pale yellow 
green 

red 

Nitrile 

Chloroprene - 
nitrile 

orange red 

red 

green 

orange red 

red 

5 'ellow to 
red 

Styrene 

Natural 

yellow green 

green 

green 

rubber 

SO styrene - 50 

brown 

violet blue ^ 

green 

rubber 

Polyisobutyl- 

olive green 

green blue 

green 

ene 

yellow (drop- 

pale blue 

green 

Polyvinyl 

let floats) 

green 

acetate 

yellow 

pale yellow 

yellow 



green 



the receivers to cool, and shake. Note 
whether the drops sink or float in Solu- 
tion I and note the color changes in both 
solutions. Transfer Solution I to a 16 
by 150-mm. test tube and add 5 mi. 
of absolute methanol. Pleat on a water 
bath at 100 C. for 3 min. and note the 
color that develops. Record all ob- 
servations, and classify the material by 
means of Table I, 

Identification by Spot Tests ,. 

8. {a) Wet a strip of the test paper 
with the corresponding impregnating 
solution (Section 6 (c), (d), and (^)), and 
hold it in a parallel position about 5 mm. 


above the surface .of' a heating element, 
which is pressed against the rubber. The 
heating element may be an electrically 
heated knife or iron or an iron or file tip 
heated by a flame. It should be hot 
enough to cause dense fumes of pyrolysis 
product to be produced but not suffix 
ciently hot to ignite the rubber. With 
vigorous evolution of fumes a test may be 
carried out in 4 to 6 sec. Care shall be 
taken to obtain a good color response on 
the side facing the fumes without 
scorching the paper or the impregnating 
materials. 

{h) The colors obtained with the 
elastomers are summarized in Table II. 
The chloroprene - nitrile elastomer test 
shall be carried out first. If both of 


TABLE II.-SPOT TEST. 


Elastomer 

Chlorq- 
prene- Nit- 
rile Test 

Polyisobu- 

tylene 

Test 

Rubber- 

Styrene 

Test 

Chloroprene 

i red 

blank® 

green 

Nitrile 

I green 

pale brown 

yellow green 

Chloroprene - ni- 




trile mixture.. . 

red/green ’ 

pale brown 

green 

Polyisobutylene . 

blank‘d 

yellow 

pale lavender 

Natural rubber . . - 

blank® 

brown 

blue 

Styrene 

blank® 

brown 

blue green 


® Blank color tests may be pale brown rather than 
colorless. 


these elastomers are absent, the other 
tests will normally be successful. 

(c) Mixtures of Elastomers, — Chloro- 
prene - nitrile elastomer mixtures con- 
taining more than about 30 per cent 
chloroprene type give a green color on 
the wet portion of the test paper and 
a red color on the dry portion. Less 
than 30 per cent chloroprene type usually 
cannot be detected in this mixture. 
Chloroprene type will not normally mask 
a natural or polyisobutylene type elas- 
tomer test but may mask styrene type. 
Nitrile elastomer will mask a styrene 
elastomer and may cause some difficulty 
in detecting natural rubber. Polyiso- 
butylene elastomer normally can be de- 
tected in the presence of moderate 
amounts of the other four elastomers. 
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The chloroprene- nitrile test is ■ not 
masked by the presence of the other three 
elastomers. Styrene elastomer is quite 
difficult to detect unless alone or with 
only small quantities of other elastomers. 
Styrene elastomers and natural rubber 
together can both be identified only m 
the range of 50-50 mixtures. It must 
be realized by the operator that the spot 
tests alone are not infallible for detecting 
all elastomers present in a mixture. 
However, a combination of these tests 
with the confinnatory tests : should 
enable an operator to identify essentially 
all mixtures of elastomers. 

Confirmatory Tests 

9. (a) Confirm the identification of 
elastotoers made in accordance with Sec- 
tion 7 or 8 by means of the tests de- 
scribed in Paragraphs (-5) to (/). 

(6) Chloroprene Polymers.— Chloro- 
prene polymers may be distinguished 
from the saturated polyvinyl type 
by the following iodine test: Sha,ke 
a 0.2-g. sample of the elastomer with 
2 ml. of iodine solution (0.2 g. of iodine 
per liter of CCk). , If the violet color 
fades noticeably in 2 to 3 min., a chloro- 
prene polymer is indicated. Further 
confirmation of the present of chlorine- 
containing polymers, particularly in the 
presence of much nitrile polymer, may 
be obtained by burning the elastomer 
in contact with a clean copper wire. ^ A 
persistent green flame indicates chlorine. 

(c) Polyvinyl Acetate.— 'Plo.ce a 0.2-g. 
sample of elastomer in a test tube with 2 
ml. of H2SO4 (55 per cent) and warm 
gently. If decomposition occurs, poly- 
vinyl acetate compound is indicated. 

(d) Natural Rubber and Styrene Poly- 

iflCTS- 

(i) Asphaltic extenders may interfere 
with the distinguishing test between 
styrene type polymers and natural rub- 
ber by pyrolysis. If a 0.2-g. sample of 
elastomer shows an appreciable darken- 
ing when shaken with 2 ml. of CHCI3, 


extract a fresh sample , with CHCls in 
accordance with Section 12 of A.S.T.M. 
Methods D 297, dry the sample in a 
vacuum oven for 1 hr. at 70 C., and 
repeat the pyrolysis test (Section 7) . 

( 2 ) For further confirmation of the 
presence of natural rubber proceed as 
follows; Extract a frph portion of the 
sample with acetone in accordance with 
Section 11 of Methods D 297. Place a 
few milligrams of the acetone-extracted 
sample in a small evaporating dish and 
swell it in a little CCI4. Add a few drops 
of bromine and let stand for about 2 
min. Add about 1 g. of phenol and 
warm on a steam bath to remove the 
CCI4. A blue to red-violet color indi- 
cates natural rubber. Oil-type re- 
claimed rubber gives this test but alkali- 
type reclaim does not. Polyisoprene 
also gives a positive test. 

(J) If doubt still remains as to the 
presence of styrene polymers, the follow- 
ing test gives positive identification. 
Boil 1 to 2 g. of dried, acetone-extracted 
elastomer under reflux with 20 ml. of 
HNO3 (sp. gr. 1.42) for 1 hr. Dilute by 
pouring into 100 ml. of water and extract 
with 50-, 25-, and 25-ml. portions of 
ether. Combine the ether extracts and 
wash twice with IS ml. of water, rejecting 
the washings. Extract the ether solu- 
tion with three 15-ml. portions of NaOtl 
(50 g. per 1.) and finally with 20 ml. of 
water. Discard the ether. Combine 
the caustic extracts and washing, make 
just acid with tICl (sp. gr. 1.18), and add 
20 ml. in excess. Heat on a steain bath 
and reduce the nitrobenzoic acid by 
adding 5 g. of granulated zinc. Make 
the solution alkaline with NaOH (200 g. 
per 1.), adding sufificient excess to just 
dissolve the zinc hydroxide that forms. 
Extract twice with ether and discard the 
ether. Make the aqueous solution acid 
with HCl (sp. gr. 1.18), cool to room 
temperature, and add 2 ml. of 0.5 A7 
NaNOj. Pour this diazotized solution 
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into an excess of solution of iS-naphtlaol 
in NaOH (50 g. per L). ' A vivid scarlet 
color indicates styrene in the elastomer. 

(e) Poly isobutylene Rubbers , — The de- 
structive distillation of polyisobutylene 
types yields a white difScultly condens- 
able vapor. A light-yellow mobile oil is 
obtained. An additional test to confirm 
the presence of polyisobutylene types 
may be carried out as follows: Place 
about 1 g. of the acetone-extracted, 
dried sample in a test tube provided 
with a stopper and a bent delivery 
tube passing through a stopper almost 
to the bottom of a second test tube 
having a side arm. Cool the second 
tube with ice. By means of a delivery 
tube, connect the side arm of the second 
test tube to a small open test* tube con- 
taining O.S g. of mercuric acetate in 10 to 
IS ml. of methanol. Heat the rubber 
strongly so that it is virtually all decom- 
posed and distilled off. Reject the 
liquid that collects in the second test 
tube. Evaporate the methanol from the 
third tube but do not heat excessively 
toward the end of the evaporation. Boil 
the residue with 25 ml. of petroleum 
ether (boiling point, 40 to 60 C.) and 
filter from insoluble matter. Evaporate 
the filtrate to a small volume, chill in ice 
and scratch the sides of the vessel to 
induce crystallization. Dry the mercury 
derivative at 30 to 40 C. and determine 
the melting point (about 55 C,). For 
final confirmation, carry out a mixed melt- 
ing point determination with the mercury 
derivative made from known polyisobu- 
tylene or isobutylene. The derivative is 
thought to be methoxy-isobutyl-mercuri 

. GHs 

acetate, GHsO—C— CH^ * Hg • COOCH3. 

'/ .CHs 

(/) Thioplasis— The thioplasts have 
not been included in this analytical 


scheme because of their ease, of identifica- 
tion by means of odor and high sulfur 
content. Additional tests include . the 
pronounced swelling action of acetone 
(unlike the other elastomers except un- 
vulcanized nitriles) and the extremely 
rapid reaction at 40 C. with a mixture of 
equal volumes of HNO3 (sp. gr. 1,42) 
and H2SO4 (sp. gr. 1.84). The thioplasts 
will start to decompose in from 5 to 35 
sec. Other elastomers normally take a 
longer time. 

B, Quantitative Analysis of Elas- 
tomers 

Application 

10. To a considerable extent, the quan- 
titative analysis of elastomers present in 
a compound is possible. Sections 11 to 
16 are intended for use in the quantita- 
tive determination of elastomers. 

Determination of Chloroprene and Vinyl 

Chloride Polymers 

11. (a) Determine the chlorine con- 
tent of the sample in accordance with 
either Paragraph (b) or (c). From this 
value, calculate the content of chloro- 
prene or vinyl chloride polymer (Note). 

Note.— 'The value obtained for chlorine, 
nitrogen, or sulfur content in accordance with 
Section 11, 12, or 13, respectively, may be used 
to estimate the polymer content if the polymer 
contains one of these elements. Since these 
polymers may vary widely in composition, the 
final estimation is not exact unless other factors 
in the analysis, such as ash analysis, make it 
evident which type of chlorine-, nitrogen-, or 
sulfur-containing rubber is present. 

(b) Recommended If e/Aod —Place 0.2 
to 0.5 g. of finely cut sample in an alun- 
-dum boat and cover with granular alun- 
dum. Burn the sample in a combustion 
furnace at 1250 to 1350 C., using a rapid 
stream of oxygen (0.5 liters per min,). 
No catalysts are required in the tube, but 
the sample shall be pushed into the hot 
part of the tube in steps to prevent too 
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rapid combustion. Too rapid combus- 
tion is evidenced by the appearance of a 
deposit of black in the absorption train. 
Absorb the gases in thr^e absorption bot- 
tles or tubes, using sintered glass bubbles 
in the last two bottles. Use hydrazine 
sulfate (10 g. per 1.) in the first bottle and 
NaOH (100 g. per 1.) in the last two 
bottles. Hydrogen peroxide may be 
added to the last two bottles if it is 
thought that free chlorine is going 
through the first bottle. Continue the 
oxygen stream for 10 min. after the 
sample is in the hottest part of the 
furnace (total combustion time of 15 to 
20 min.). Wash the contents of the 
bottles and bubblers into a flask and 
acidify with HNOs- If the sample was 
compounded rubber, it is also necessary 
to add the contents of the combustion 
boat which may contain inorganic chlo- 
rides. Titrate the chlorides by a con- 
venient method, preferably the Volhard 
or modified Volhard method, or deter- 
mine gravimetrically as AgCL 

(c) Alternative Methods,— Any other 
combustion method known to give ac- 
curate results may be used. The Parr 
oxygen bomb method of combustion will 
normally be satisfactory. The Parr 
peroxide bomb is satisfactory for an 
estimate of chlorine content but cannot 
always be relied upon to give complete 
combustion, particularly if the sample 
cannot be finely divided. 

Determination of Mtrile Polymers 

12. Determine the nitrogen content of 
the sample in accordance with Section 
24 (5) of A.S.T.M. Methods D 297, ex- 
cept that a 1-g. sample shall be used. 
From this value, calculate the content 
of nitrfie polymer (see Note, Section 11). 

Detemaipation of TMoplasts 

13. (a) Determine the sulfur content 
of the sample in accordance with either 
Paragraph (b) or (c). From this value, 


calculate the content ■ of Thioplasts (see 
Note, Section 11). 

(b) Proceed in accordance with Sec- 
tion 14 (a) to (d) of A.S.T.M. Methods 
D 297, up to the point of addition of 
KCiOs. At this point, add sufficient 
HNOs to insure the presence of 20 ml. 
of HNOs (sp. gr. 1.42) and add 10 mi. 
of HCIO4 (60 to 70 per cent) (Note). 
Evaporate to heavy fumes of HCIO 4 on 
a hot plate behind a safety screen. The 
volume should be 3 to 5 ml Cool, 
dilute, and precipitate the BaS 04 as 
described in Section 14(/) of Methods 
D 297, omitting the addition of HCL 

Note: Caution . — If an excess of HNO3 is pres- 
ent and no lumps of organic material such as un- 
reacted polyisobutylene are present when the 
mixture is evaporated with liClO^, danger of 
explosion is negligible. However, a safety 
screen should be used in all cases. 

(c) Elastomers containing polyiso- 
butylene cannot be wet-oxidized and the 
sulfur must be determined by means of a 
combustion method with oxygen or in a 
Parr peroxide bomb. If quantitative re- 
sults are to be obtained in the Parr bomb, 
the sample shall be finely divided and 
combustion shall be essentially complete. 

Determination of Natural Rubber 

14. Determine the content of natural 
rubber in accordance with Sections 48 to 
S3 of A.S.T.M. Methods D 297. 

Determination of Stjnrene-Type Polymer 

Note. — ^This method depends upon the oxida- 
tion of the polymer, first by nitric acid and then 
by alkaline permanganate, and isolation and sub- 
sequent titration of the ether-soluble acids. 
These adds are a mixture in which j>-nitroben- 
zoic acid predominates. It has been found ex- 
perimentally that one equivalent of ether- 
soluble acid is formed for every styrene molecule 
present in the polymer. It has also been shown 
that high-styrene polymers (over 30 per cent 
styrene in the copolymer) fail to give an equiv- 
alent amount of add. pure polystyrene gives 
less than 50 per cent yield of acid. The results 
are at best an estimate (plus or minus 2 per cent 
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of styrene), and in heavily compounded rubbers 

or mixtures of elastomers, the error is frequently 
greater. 

15. (a) Weigh 1 g. of sample (2 g, if 
compounded with filler), and extract with 
acetone in accordance with Section 11 of 
A.S.T.M. Methods D 297, Dry the ex- 
tracted sample at 100 C,, and transfer 
quantitatively into a 100- to 250-mL 
flask fitted with a ground-glass joint to 
a condenser. Add 20 ml of HNO3 (sp, 
gr. 1.42), attach the condenser, and heat 
until reaction starts. Remove the heat 
until the reaction has abated. External 
cooling may be necessary in some cases. 
Boil gently for 6 hr. Add 20 ml of 
water down the condenser and cool the 
flask. Add NaOH (200 g. per L), 
slowly near the end, until almost exactly 
neutral to litmus. Add about 1 ml in 
excess, but not more than 2 ml. From 
40 to 50 ml. of NaOH (200 g. per I.) will 
be required. 

(b) Pour the contents of the flask into 
a 500-mL flask and rinse. Add 50 ml 
of KMn 04 (40 g, per 1) and swirl. Place 
on a steam bath and swirl from time to 
time over a period of 5 hr. If the pink 
color of the permanganate (observed 
when swirling) fades, add another 10 mi. 
of KMn 04 . Continue this for the entire 
5 hr. If more than twm additions are 
necessary, the solution may have been 
too alkaline and the results may be low. 
Filter hot through a Biichner funnel and 
wash the precipitate several times with 
water. 

(c) Transfer the filtrate and washingw® 
to a 500-mL container and cool. Add 3 
N tl 2 S 04 until just acid to congo red 
paper. Add NaHSOs (40 g. per 1.) drop 
by drop to the solution, while stirring, 
until no pink color remains. Dilute to 
250 to 300 ml. if necessary. 

(J) Transfer to a separatory funnel 
and extract with three lOO-ml portions 
of ether. Combine the ether extracts in 
the funnel and extract with 10 ml. of 


water. Discard the aqueous layer. Ex- ' 
tract the ether solution with 25-, 12.5-, 
and 12.5-mL portions of 1 W NaOH and 
finally with 15 mi. of water, discarding 
the ether solution and combining the ■ 
NaOH extracts. 

(e) Transfer the caustic solution to^a 
separatory funnel, acidify with 3 W 
H2SO4, and extract with three SO-ml. por- 
tions of ether. Extract ■ the combined 
ether extracts with two lO-ml. portions 
of water to remove traces of mineral acid. 
Evaporate the ether in a light flask or 
beaker, dry by evaporating with a little 
acetone, and finally dry at 60 C, until 
the loss in weight is less than 2 mg. after 
30-min. heating. Styrene polymers give 
a crystalline residue. 

(/) Dissolve the residue in 25 to 75 
ml, of neutral ethyl alcohol (95 per cent) 
(the amount depending on the color of 
the solution) and titrate with 0.1 N 
NaOH, using phenolphtbalein indicator. 

(g) Calculate the percentage of styrene 
as follows: 

^ Fi^X 0.104^ 

Styrene, per cent == — X 100 

W 

where: 

V = milliliters of NaOH solution re- 
quired for titration, 

N == nonnality of the NaOH solution, 
and 

W = grams of unextracted sample used. 

(/;) If there is any question of the 
identity of the ^-nitrobenzoic acid, con- 
firm by recrystaliizing from acid alcohol - 
water solution after titration and run- 
ning a mixed melting point, or by re- 
ducing, diazotizing, and coupling as 
described in Section 9 (d), Item (J). If 
natural rubber is present, an interference 
to the extent of about 3 per cent of the 
rubber present must be subtracted from 
the styrene content. 

Determination of Polyisobtitylene ' 

Note, — T his method is moderately successful 
with mixtures, including compounded or vul- 
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canized rubbers. If tbe mixture is compounded 
or vulcanized, the practical upper limit is about 
25 per cent polyisobutylene. 

16. Boil 1 g. of finely cut sample with 
20 ml; of HNO^i (sp. gr. 1.42) under reflux 
for 30 min. Decant the liquid while hot, 
wash several times with cold HNO3 (sp. 
gr . 1 .42) , and then wash with water by de- 
cantation. Add NH4OH (1:2) and warm 
on the water bath for 30 min. Decant 
and wash several times with hot water. 
Dry the insoluble matter at 100 C. and 
weigh the polyisobutylene so obtained. 

C. Determination of Compounding 
Ingredients 

Procedure 

17. Determine compounding ingredi- 
ents in accordance with the applicable 
portions of A.S.T.M. Methods D 297, 
taking into consideration the following 
points: 

(a) Free Sulfur . — ^Free sulfur in poly- 
isobutylene type elastomers may not be 
quantitatively extracted and determined 
by either method described in Section 16 
of Methods D 297. 

(b) Total Sulfur . — ^Total sulfur in poly- 
isobutylene type elastomers cannot be 
determined by the method described in 
Section 14 of Methods D 297 because of 


insolubility of the elastomer in the re- 
agents. A ' combustion method' must 
be used. 

(c) Free When free carbon is 

determined in accordance with Section 
23 of Methods D 297, filtration is ma- 
terially aided by partial or Complete neu- 
tralization of the HNO3 solution with 
NH4OH, particularly with styrene type 
elastomers. Some synthetic compounds 
cannot be successfully treated without 
this neutralization. If the carbon is still 
too well dispersed to filter after this 
treatment, the addition of trivalent cat- 
ions or anions may act as a filter aid 
in a partially neutralized solution. The 
carbon in elastomers containing polyiso- 
butylene cannot be determined by the 
method but may be estimated by re- 
taining, washing, and weighing the wash-' 
ings from the polyisobutylene estimation 
if the polyisobut 3 ?-lene content is ngt 'over 
25 per cent. Cellulose from filter paper 
will slow the filtrations and give high 
results. 

(d) Cellulose . — The success of a cellu- 
lose determination made in accordance 
with Section 29 of Methods D 297 will 
depend on the solubility of the rubber in 
the solvent. 



I 


Tentative Method of 
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A.S.T.M. Designation; D865- 
IssuED, 1946.2 


This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


This method teas prepared jointly by the Society of Automotive Engineers 
and the American Society for Testing Materials 


Scope 

1. This method is intended for use 
in estimating the relative resistance of 
vulcanized rubber to high-temperature 
aging in a controlled and limited quan- 
tity of air. No direct correlation be- 
tween this accelerated test and natural 
life of rubber is given or implied. Since 
the rate at wdiich deterioration proceeds 
during the normal life of rubber varies 
widely depending on conditions of ex- 
posure to heat, light, and air, and on the 
composition and state of cure of the 
rubber, this accelerated test is compara- 
tive only and must be evaluated against 
the performance of rubber compounds 
of which both the natural and acceler- 
ated aging characteristics are known. 

Nature of Test ■ ■ 

2. {a) This aging test of rubber con- 
sists of subjecting test specimens having 
previously determined physical proper- 
ties to controiled deteriorating influences 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D- 11 on Rubber and Rubber-Like Materials. 

2 Accepted by the Administrative Committee on Stand- 
ards, February IS, 1946. 


for known periods, after which the physi- 
cal properties are again measured and 
the changes noted. In this method the 
test involves exposure of specimens to 
air at an elevated temperature and at 
atmospheric pressure (except as the pres- 
sure is increased due to the increased 
temperature of the unvented test tube). 
This test is designated as the test tube 
aging method. It does not include expo- 
sure to light. 

(&) 111 this aging test the physical 
properties used to measure the deteriora- 
tion of the rubber, in addition to visual 
and manual inspection, are tensile 
strength, ultimate elongation, and 
durometer hardness. Except as other- 
wise specified in this method, the de- 
termination of these properties before 
and after aging shall be carried out in 
accordance with the Standard Methods 
of Tension Testing of Vulcanized Rubber 
(A.S.T.M. Designation: D 412)^ and the 
Tentative Method of Test for Indenta- 
tion of Rubber by Means of the Durom- 
eter (A.S.T.M. Designation: D 676)1 

^ Appears in this publication, see Contents in Numeric 

Sequence of A.S.T.M. Designations at front of book. 
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Generai Metliods 

3. (a) Except as otherwise specified 
in this method, the requirements of the 
Standard Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D 15)® 
shall be complied with and are made a 
part of this method. 

(6) In case of conflict between the pro- 
visions of this method and those of de- 
tailed specifications or methods of test 
for a particular material, the latter shall 
take precedence. 

Apparatus 

4. The apparatus for the heat aging 
shall consist of glass test tubes 38 mm. 
in diameter and 300 mm. in length 
heated by immersion in a suitable oil 
bath so arranged as to comply with the 
following requirements: 

(a) No more than three specimens 
shall be used m each test tube, and all 
specimens in a single tube shall be from 
a single compound. 

(b) Provision shall be made for verti- 
cal suspension of the specimens as near 
the bottom of the test tube as possible 
without touching each other or the sides 
of the test tube during the test. 

(c) The test tubes shall be stoppered 
with an unvented cork. 

(d) The oil bath shall be equipped with 
thermostatic control which will control 
the oil temperature within d=2 F. of 
the prescribed temperature, and shall be 
provided with suitable stirring or cir- 
culation to assure uniformity of tem- 
perature in all parts of the bath. 

(e) A recording thermometer shall be 
provided to record the actual tempera- 
ture of the oil bath during the test. 

(f ) The test tubes shall be immersed in 
the oil bath so that the space between 
the surface of the oil and the lip of the 
test tube does not exceed 2 in. 


Test Specimens 

5. (a) Dumbbell-shaped test speci-- 
mens, prepared as described in the 
Standard Methods of Tension Testing of 
Vulcanized Rubber (A.S.T.M. Desig- 
nation: D 412)® shall be considered 
standard. Their form shall be such that 
no mechanical, chemical, or heat treat- 
ment will be required after aging. If 
buffing is necessary, it shall be performed 
prior to the aging cycle. 

(b) The dimensions of the test speci- 
mens for calculating the physical proper- 
ties shall be measured prior to starting 
the aging cycle. Care shall be taken 
that the material used for marking the 
gage lines on the specimens is not detri- 
mental to the rubber during aging ex- 
posure, causing the specimens to break 
at the marks prematurely during test. 
Only specimens of similar dimensions 
having approximately the same exposed 
areas may be compared with each other. 

Number of Test Specimens 

6. At least three specimens shall be 
used to determine the average original 
physical properties of the rubber and 
also three or more specimens of the same 
material for each exposure period of the 
aging test. 

Tests of Unaged Specimens 

7. (a) The stress-strain properties or 
tensile strength and ultimate elongation 
and the durometer hardness of the 
original unaged specimens shall be de- 
termined within 24 hr. of the start of the 
aging period. Results on tension test 
specimens which break outside of the 
straight reduced section or which are 
found to be imperfect shall be discarded, 
and retests shall be made. 

(J)>‘When rubber compounds are to 
be tested for the purpose of determining 
compliance with a specification, it shall 
be permissible to determine the original 
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properties required ' in Paragraph {a) 
simultaneously with the determination 
of the values after the first aging period, 
even though the elapsed time exceeds 
24 hr. . . 

Procedure 

8. {a) The oil bath shall be heated to 
the temperature selected for the aging 
test and when the recording thermometer 
indicates that this temperature is being 
maintained the stoppered test tubes con- 
taining the specimens shall be immersed 
in the oil as specified in Section 4 (f) and 
allowed to heat for the desired period. 
The selected temperature may be in the 
range of 250 to 300 F. The aging period 
shall start at the time the specimens are 
placed in the oil bath. The selection of 
suitable periods of aging will depend on 
the rate of deterioration of the particular 
material being tested. Periods fre- 
quently used are 10, 20, 40, 70, and 168 
hr. The aging periods used shall be 
such that the deterioration will not be 
so great as to prevent determination of 
the final physical properties. In ex- 
perimental work, it is desirable to use a 
range of aging periods, while for routine 
tests of known materials fewer intervals 
may be employed. 

Q}) At the termination of the aging in- 
terval, the specimens shall be removed 
from the test tubes, cooled to room tem- 
perature on a flat surface, and allowed to 
rest not less than 16 nor more than 48 
hr. before determination of the physical 
properties. 

(c) When a test follows immediately 
after another one, care shall be exercised 
to flush out the test tube with fresh air 
before proceeding with the second test. 

Physical Tests of the Aged Specimens 

9, The stress-strain properties or ten- 
sile strength and ultimate elongation 
and durometer hardness of the specimens 
aged for different periods shall be deter- 


mined as the intervals terminate in the 
progress of aging, disregarding the fact 
that more specimens may still be aging. 
In determining the stress-strain proper- 
ties after aging, the final values' shall be 
the average of results from at least two 
specimens, including that one giving the 
highest value for ultimate tensile strength 
and any which check that value within 15 
per cent. Results of tests of all other 
specimens shall be discarded. In the 
event that discarding of aged specimens, 
both from faulty breaks and failure to 
check, does not leave two satisfactory de- 
terminations, additional specimens shall 
be aged and tested until two or more 
check results from properly broken 
specimens are obtained. 

Calculations and Report 

10. {a) The results of the aging test 
on durometer hardness shall be expressed 
in terms of the numerical change in in- 
dentation reading. The results obtained 
on the other physical properties (tensile 
strength, ultimate elongation or tensile 
stress) shall be expressed as a percentage 
change based on the original values, 
increases being indicated as positive and 
decreases as negative. 

{h) The report shall include the fol- 
lowing: 

(i) The results calculated in accord- 
ance with Paragraph (^), 

{2) All observed and recorded data 
on which the calculations are 
based, 

(J) Type of aging test, 

(4) The aging interval, 

(5) The aging temperature, 

{6) The duration, temperature, and 
date of vulcanization of the 
rubber, if known, 

(7) Dates of original and final deter- 
minations of physical properties, 
and 

{S) Dimensions of test specimens. 


Tentative Method of Test for 

RESISTANCE TO ACCELERATED LIGHT AGING OF RUBBER 

COMPOUNDS* 



A.S.T.M. Designation: D 750 - 43 T 

Issued, 1943.2 

This Tentative Method has been approved by the sponsoring commit- 
tee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This ‘method is intended for use as 
an accelerated test applicable for estimat- 
ing the comparative resistance of soft 
vulcanized rubber compounds to deteri- 
oration when exposed to light having a 
frequency range approximating that of 
sunlight, but a greater intensity in the 
ultraviolet range than sunlight. This 
method is not intended to cover the test- 
ing of materials ordinarily classed as 
hard or semihard rubber. 

Nature of Test 

2. This test consists of continuously 
or intermittently exposing rubber speci- 
mens held in a jig or holder under a 
specified strain to the effect of light hav- 
ing essentially the same wave lengths as 
are found in natural sunlight but with 
increased intensity in the ultraviolet 
range. The primary criterion used in 
estimating resistance to light aging is 
the percentage decrease in tensile 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A,S.T,M, 
Committee B-ll on Rubber and Rubber-Like Materials. 

» Accepted by Committee E-10 on Standards, Novem- 
ber 20, 1943, 


strength and in elongation at break. 
A supplementary criterion for estimating 
resistance to light aging is the observed 
extent of surface crazing and cracking. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Weathering Unit } — The weather- 
ing unit shall include means for measur- 
ing and controlling the following: 
Current, 

Voltage, 

Temperature of air and water, and 
Running time. 

The materials of construction shall be of 
such character as not to react with the 
test specimens during the test. 

(J) Light A carbon-arc light 

source. The carbons shall be of such 
composition and shall be operated under 
such conditions that the quality of the 


« Any accelerated weathering unit which meets the re- ‘ 
quirements prescribed in Section 3 may be used. The 
following types of weathering units have been found 
suitable;" , 

National Accelerated Weathering Unit X-1 A produced 
by the National Carbon Co. 

Twin Arc Weatherometer, type DL-TS produced by 
the Atlas Electric Devices Co. 


Qcn 
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spectrum as it strikes the test specimens 
shall approximate the spectrum of 
the sum 

(c) Specimen Supports.— Swppoits^ for 
mounting the specimens vertically while 
they are rotated about the carbon arc 
to provide uniform distribution of light. 
If the specimens are mounted both 
above and below the horizontal center 
line of the light source, they may be 
mounted at an angle with the vertical 
not greater than 30 deg., so that the light 
from the arc has a more nearly normal 
incidence upon the specimens. When 
specimens are mounted angularly, the 
angle that the specimens make with the 
vertical shall be reported. Specimens 
mounted above and below the center line 
of the light source shall be transposed 
periodically to provide uniform distribu- 
tion of the light over the face of the panel. 
Arc vapors or products shall not be 
allowed to contaminate the specimens. 

(d) Water Sprays . — ^Water sprays 
whereby clean water, such as drinking 
water, may be forced on the specimens 
to simulate the washing action of rain, 
to provide moisture for causing alternate 
expansion and contraction due to swelling 
and drying out, and to introduce thermal 
shock and sweating. Recirculation of 
or immersion in the spray water shall 
not be permitted. 

(e) Thermometer . — ^A thermometer for 
determining the temperature of the air 
at the position of the specimen in the 
drum. The bulb of the thermometer 
shall be shielded by a cylinder of bright 
metal foil 2 in. in diameter and 2 in. in 
length. The thermometer bulb shall be 
located centrally in the foil cylinder. 

Calibration of Radiation 

4. The light source shall be calibrated 
at frequent intervals in accordance with 
the Tentative Method of Calibrating a 
Light Source Used for Accelerating the 


Deterioration of. Rubber (A.S.T.M. 
Designation: D '749).^' ■. 

Test Specimens 

5. Test specimens shal ' be rectangular 
strips 3 in. in width by 6 im in length ■ 
prepared especially for this test ' or cut ' 
from the material which is to' be evalu- 
ated. The specimens should have a 
maximum thickness of 0.030 in. and a 
minimum thickness of 0.025 in. Speci- 
mens cut from rubber products may be 
buffed. Duplicate specimens should be 
exposed whenever possible. 

Precautions 

6. In the operation of the weathering 
unit, care should be taken to see that 
the machine at all times is being oper- 
ated under constant voltage at the recom- 
mended arc amperage, that the proper 
carbons are used, that the globes and 
filters are cleaned at frequent intervals, 
and that the temperatures of the air and 
the water are regulated within the tol- 
erances specified. 

Procedure 

7. (a) The test specimens shall be 
firmly fastened in the jig or holder and 
elongated if desired but will usually be 
exposed at no elongation. The specimen 
shall then be exposed to the light source 
until a dosage or total exposure equiva- 
lent to the decomposition of the desired 
number of milligrams of anhydrous 
oxalic acid as determined by the calibra- 
tion procedure (Section 4) has been 
reached. The temperature of the air 
surrounding the specimen shall be main- 
tained between 35 and 45 C. The aver- 
age temperature of the air during the 
test shall be recorded. The water flow 
in cubic centimeters per minute through 
the sprays during each test shall be meas- 
ured and recorded. The temperature of 
the water at the spray shall be main- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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tained between 10 and 25 C. and the 
approximate average water temperature 
during the test shall be recorded. The 
chlorine content of the water shall be 
determined and reported. At the con- 
clusion of the exposure period, the speci- 
men shall be removed from the testing 
unit and examined for degree and 
number of cracks and for evidence of 
crazing. 

(&} After examination of the exposed 
specimen, three tension test specimens 
shall be prepared from it in accordance 
with the Standard Methods of Sample 
Preparation for Physical Testing of Rub- 
ber Products (A.S.T.M. Designation: 
D 15) .^ The tensile strength and ulti- 
mate elongation of these exposed speci- 
mens shall be determined in accordance 
with the Standard Methods of Tension 
Testing of Vulcanized Rubber (A.S.T.M. 
Designation: D 412).^ The tensile 
strength and elongation of duplicate 
unexposed specimens of the same ma- 
terial shall also be determined for purpose 
of comparison at the same time that the 
exposed specimens are tested. 

(c) A test for the presence in the testing 
unit of ozone adjacent to the exposed 
specimens shall be made by exposing 
a small filter paper previously dipped 
in starch - potassium iodide solution. 
Ozone, if present, will cause the test 
paper to turn blue. The length of time 
required for the formation of a deep 
blue coloration may be taken as an 
indication of the quantity of ozone 
present. The test paper shall be shielded 
from the light source. An alternative 
test for the presence of ozone may be 
made as follows: Select a 1- by 3-in. 
sample of the control stock in the ma- 
terial being exposed and stretch to an 
elongation of 25 per cent. Place it in 
the accelerated aging unit at the position 
of the irradiated specimens but shielded 
from the direct rays of the arc. If avail- 


able, expose a 1 by 3 by 0.1-in. sample of 
natural rubber or GR-S black tire tread 
stock similarly and simultaneously. The 
■ time of exposure necessary to form the first 
visible cracks shall be reported to indicate 
the ozone concentration. The number and 
type of cracks shall also be reported. 

Report 

8. The report' shall include the fol- 
lowing: 

(1) Description and dimensions of 
specimens, 

(2) The number of cracks and degree 
of crazing or cracking of the specimens, 

(3) The intensity of the light source 
expressed as the number of milligrams 
of anhydrous oxalic acid decomposed 
per square decimeter per minute, 

(4) The total exposure expressed in 
equivalents of the number of milligrams 
of anhydrous oxalic acid decomposed at 
the rate determined by the average 
intensity of exposure multiplied by the 
total length of time of exposure, 

(5) The percentage of elongation dur- 
ing exposure, if any, 

(tf) Tensile strength in pounds per 
square inch before and after exposure, 

(7) Ultimate elongation at break be- 
fore and after exposure, 

(3) The percentage loss in tensile 
strength as a result of exposure, 

(P) The percentage loss in elongation 
at break as a result of exposure, 

(/6>) Indication of ozone, 

(11) Average temperature at position 
of test specimens during exposure to 
the light source, 

(12) Temperature and rate of flow of 
water in cubic centimeter per minute in 
the water sprays, 

(iJ) Chlorine content of the water, 
and 

(14) Name and type of accelerated 
aging unit used, and the cycle and 
operating conditions used. 



Tentative Method of 

CALIBRATING A LIGHT SOURCE USED FOR ACCELERATING 
THE DETERIORATION OF RUBBER* 



A.S.T.M. Designation: B 749 ~ 43 T 
Issued, 1943.* 

This Tentative Method has been approved by the sponsoring commit- 
tee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope 

1. {a) This method is intended pri- 
marily for use in measuring the intensity 
of radiation from the light source used 
in connection with the Tentative Method 
of Test for Resistance to Accelerated 
Light Aging of Rubber Compounds (A.S. 

T.M. Designation: D 750),® It may also 
be used for measuring and integrating 
the intensity or total exposure from 
other light sources which are intermittent 
or variable in intensity, such as sunlight. 

It may also be used for comparing light 
sources with regard to ultraviolet in- 
tensity. 

(6) It must be emphasized that cali- 
brations made as described in this 
method are essentially a measure of the 
ultraviolet dosage of a given source of 
light. Such calibrations do not permit 
the comparison of light sources differing 
in spectral distribution unless further in- 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

* Accepted by Committee E-10 on Standards, Novem- 
ber 20, 1943. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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formation is available. However, this 
method will determine the constancy of 
a specific source, and may be used to 
compare the intensities of similar light 
sources. 

Nature of Test 

2. This method is based on the fact 
that oxalic acid in the presence of uranyl 
sulfate in aqueous solution is photo- 
chemically decomposed by light, essen- 
tially at a rate in direct proportion to 
the intensity and total radiation of the 
light source to which the solution is 
exposed over the wave length range used 
for the test. The test method involves 
the exposure of a standardized oxalic 
acid - uranyl sulfate solution in a quartz 
ceU to the radiation to be evaluated, 
followed by a determination of the quan- 
tity of oxalic acid decomposed during a 
measured time period of exposure. 

Apparatus 

3. The apparatus shall consist of the 
following: 
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(a} Actinometef Cell.— -The actinome* 
ter .cell, shall be cylindrical in form with 
circular , plane-polished quartz windows 
L5 iirni. ill , thickness. A side tube 6 
mm. in diameter and 1 cm. in length 
and suitable for filling and emptying 
the cell shall be fused to the cylinder 
wall. The dimensions of the completed 
cell shall be 5 cm, in internal diameter 
and 1 cm. in internal length. The cell 
windows may be either fused or ce- 
mented to the rest of the ceil. Where 
the windows are cemented, one plane- 
polished window and the cylindrical body 
of the cell may be made of pyrex, Corex 
D, or other clear glass, provided that the 
other window of the cell which shall face 
toward the light during actinometric 
measurements shall be of plane-polished 
quartz 1.5 mm. in thickness. In ce- 
mented cells the cement used shall not 
dissolve in nor react with the actinome- 
ter solution. 

(b) Cell Enclosure . — The actinometer 
cell used shall be enclosed in a lightproof 
box coated on the inside with an highly 
absorbent black paint. The cell shall 
be totally covered in the enclosure, except 
for one face which shall be exposed 
through an opening in the enclosure 
conforming to the full circular cross- 
section of the solution in the cell. 

Reagents ■ 

4. (a) Potassium Permanganate Evalu- 
ating Solution {3 d6 g. per L ). — Prepare 
an evaluating solution containing 3.16 g. 
of KMn 04 per liter. Dissolve the KMn04 
in distilled water, store the solution in 
the dark for at least one week, then filter 
through a fibrous glass filter cloth | in, 
in thickness, and place the solution in a 
blackened glass-stoppered bottle or auto- 
matic dispensing burette. Standardize 
against sodium oxalate (Note) in ac- 
cordance wdth the procedure of Kolthoff 
and Furman.^ 

^ I. M. Kolthoff and N. H. Furman, “Volumetric 
Analysis,” Vol. II, pp. 282-285, John Wiley and Sous, Inc., 
NewYork, N. Y. 


(b) , Actinometer Solution Dissolve 
■ 6.30 g. of c.p., reagent grade oxalic acid 
crystals H2C204* 2 PI 2 O) and 4.20 g. of 
c.p. reagent grade uranyl sulfate 
(U02S04‘3H20) in distilled water and 
dilute to 1 liter. (This solution will be 
0.1 N with respect to oxalic acid.) Im- 
mediately after preparation, transfer 
the solution to a glass-stoppered bottle 
or to the reservoir of an automatic , dis- 
pensing burette. The bottle, or reservoir 
and glass tubes of the burette, should be 
protected from light by a heavy coating 
of black enamel.' Standardize (Note) 
as follows: Transfer an accurately meas- 
ured 50-mL portion of the solution to a 
200-ml tail-form beaker, dilute with 20 
to 25 ml. of distilled water, and acidify 
with 5 ml. of H 2 SO 4 (1 -3). Cover with a 
suitable crystallizing dish placed in an 
inverted position on the beaker, and heat 
the solution to 95 C. in a lightproof 
water bath. When the solution reaches 
95 C., transfer the beaker to an open 
glass water bath maintained at 95 C. 
and resting on a flat, white-glass base. 
Titrate the hot solution by adding 
the KMn04 evaluating solution (3.16 
g. per 1.) from a burette while stirring 
constantly. Add the first few drops of- 
evaluating solution at intervals of sev- 
eral seconds. The end point is indicated 
by the change to orange color which 
should persist for 30 sec. wfliile stirring. 

Note. — Whenever a fresh solution is added 
to either burette, or if either solution should 
stand for 60 days or more, restandardize the 
solutions. 

Procedure 

5. (a) A suitable quantity of actinome- 
ter solution shall be measured accurately 
into the actinometer cell from the 
dispensing burette holding the solution. 
The cell shall always be filled with the 
same amount of actinometer solution. 
The quantity used shall be such that the 
solution does not extend excessively into 
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the neck of the cell but is just sufficient , 
to prevent the formation of an air bubble 
when the cell is inclined at an angle of 
45 deg. Care' shall be taken to exclude 
all stray light from the solution while 
transporting it 'to and from the light 
source under test by enclosing the cell 
in a suitable lightproof box. The cell 
,shail be mounted on a rubber specimen 
exposure rack in the testing unit and 
exposed for a suitable period of time 
to the light source under normal operat- 
ing conditions of the testing unit. The 
time of exposure of the actinometer 
solution to the light source shall not be 
in excess of that required for the decom- 
position of 30 per cent of the oxalic acid 
present. 

(b) At the end of the period of expo- 
sure, the actinometer solution shall be 
emptied into a 200 -mL tail-form beaker, 
the cell rinsed with 25 mi. of distilled 
water and the solution and wash water 
acidified with 5 ml. of dilute H 2 SO 4 
(1:3) per 50 ml. of original undiluted 
actinometer solution. The beaker shall 
then be covered, heated to 95 C. and the 
solution titrated with the KMn 04 evalu- 
ating solution exactly as in the standard- 
ization procedure as described in Section 
4 (&). 

(c) Blank . — A blank test shall be 
made under the same conditions except 
that the actinometer solution shall not 
be exposed to the light source and the 
decomposition values adjusted accord- 
ingly. 

Calculations 

6, {a) The light intensity shall be calcu- 
lated as follows: 


I ^ X C . 

:DX E 

where: 

I == intensity of ■ radiation expressed 
in milligrams of oxalic, acid 
decomposed per square deci- 
meter per minute, 

.4 = milliliters of evaluating solution' 
equivalent to the number , of 
milliliters of unexposed acti- 
nometer solution used in the 
test, 

B = milliliters of evaluating solution 
required for titration of the 
actinometer solution exposed in 
the test, 

C = milligrams of oxalic acid equiva- 
lent to 1 ml of evaluating 
solution, 

D = time of exposure in minutes, and 

£= exposed area in square decime- 
ters of solution in cell 

Note: Example. — A typical calculation for 

evaluating light intensity is as follows: 


Area of solution in cell exposed 0,16 sq. dm. 

Time of exposure 100 min. 


VUIUUIC SJL aUlULiUU USCU Itl LCSl. JU KU. 

Volume of evaluating solution required by 50 mi. 

of unexposed actinometer solution 50 ml. 

Volume of evaluating solution required by ex- 
posed actinometer solution 35 ml. 

Decomposition expressed as milliliters of evaluat- 
ing solution (50-35) IS ml. 

Milligrams of oxalic acid (H2Ca04) equivalent of 

1 ml. of evaluating solution (0.1 N) 4.5 mg. 

Total quantity of oxalic acid decomposed (15 X 

4.5) 67.5 mg. 

Intensity == iT^'drTrri ” ^-218 mg. of oxalic acid per min 

lUu X 0.10 pgj. gq^ 

(b) Where exposure to the light source 
is intermittent or of variable intensity, 
the total or integrated exposure or 
^^dosage’’ only is determined and shall be 
reported in terms of milligrams of oxalic 
acid decomposed per square decimeter 
during the time of exposure. 
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Tentative Method of Test for 

PHYSICAL STATE OF CURE OF VULCANIZED RUBBER 

(T-50TEST)i 


A.S.T^M. Designation: D 599 - 40 T 
Issued, 1940.2 

This Tentative Method has been approved by the sponsoring commit- 
tee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test, known as the 
test,” is designed as a means of 
determining the extent or physical 
state of cure of a rubber compound by 
measuring the temperature at which it 
recovers its elasticity when it is stretched 
at room temperature, frozen at a suffi- 
ciently low temperature to cause it to 
lose its elastic properties, and then 
gradually warmed. When the test is 
carried out under properly controlled 
conditions, the “T-SO value” shows a 
good correlation with combined sulfur 
in a stock of given composition, and a 
qualitative correlation with combined 
sulfur in stocks of varying compositions. 
Its advantages over a combined sulfur 
determination are its greater speed and 
simplicity, and its applicability in cer- 
tain cases where sulfur determinations 
are difficult or impossible. Its use is 
limited to rubber compounds with a 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-ll on Rubber and Rubber-Like Materials. 

2 Accepted by Committee E-10 on Standards, September 
26,1940. 


relatively high elongation at break 
(generally 300 per cent or over). It is 
mainly useful in controlling and check- 
ing uniformity of cure in production, 
and as a tool in experimental work 
where knowledge of the state of cure is 
important. It is not suitable for use in 
purchase specifications. 

Nature of Test 

2. A test specimen 1 to 2 in. in length 
and having a uniform cross-section, is 
immersed in a liquid bath at 20 C. 
stretched to an elongation of 75 per cent 
or more of the breaking elongation, and 
held for 5 min. It is then plunged into 
a bath of acetone at — 50 to — 70 C., held 
until cool, and released. The rubber 
will show practically no elastic retrac- 
tion. The temperature is then raised 
slowly and the sample is found to con- 
tract, taking a definite length at a given 
temperature. The temperature on the 
Centigrade scale at which the elongation 
of the sample becomes equal to one half 
the initial elongation is the '^-50 
value.” 
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Types of Apparatus 

3. , (a) 'There are two .types of appa- 
ratus in general use, . designated types 
i4,:a.nd either. of which give satis- 
factory results when properly operated. 
Both types perform the same functions 
and shall conform to the requirements 
prescribed in the following Paragraphs 
{b) to (a). The two types of apparatus 
are described in further detail in Sec- 
tions 5 and 7. ■ 

{h) Testing Bath and Fittings. — A 
container well insulated against heat 
transfer is required to hold the cold 
acetone bath. The container shall be 
fitted with a support to hold the speci- 
men racks, an immersion heater 
equipped with an on-and-off switch, a 
thermometer graduated from — 70 to 
-f-30 C. in 1 C. graduations, and means 
for circulating the bath liquid in order 
to maintain a uniform temperature 
throughout the bath. 

{c) Refrigerating System. — The re- 
frigerating system shall be capable of 
rapidly cooling the acetone bath to a 
temperature of —50 to —65 C. (Note 
1), A suitable system consists of a 
copper coil packed with a mixture of 
dry ice and acetone in which the acetone 
for the testing bath is cooled by contact. 

(d) Conditioning Bath. — The condi- 
tioning bath shall consist of a container 
(preferably with heat insulation) of 
sufficient capacity to accommodate the 
specimen racks, and to keep the test 
specimens completely immersed. It 
shall be filled with water at a tempera- 
ture of 20 dz 1 C. (this temperature 
may be hand regulated), except for 
testing latex compounds when acetone 
shall be used instead of water. 

{e) Specimen Rack* — ^The specimen 
rack shall consist essentially of a metal 
support equipped with a fixed clamp at 
one end and a movable clamp at the 
other end for holding the test specimens. 


The clamps measure o.ff a predeterm.ijied 
length of the specimen, which, is then' 
elongated to the , desired amount .'by? 
moving the movable clamp. Arrange- 
ments shall be made for fasten.mg the 
movable clamp at positio.ns correspond-, 
ing to the desired, elongation of the 
specimens, and to one . half ; of . this'- 
elongation. 

Test Specimens 

4. The test specimens for use with 
clamps of the type illustrated in Fig. 2 
may be prepared by dicing out with a 
die of the design shown in Fig. 1. The 



Fig. 1. — Die for Preparing Test Specimeiis. 

choice of die length is governed by the 
elongation required and the limitations 
of the specimen racks. For most work 
a If-in. die is suitable. Any other 
method of obtaining test specimens of 
uniform cross-section is satisfactory, 
provided that a suitable clamp is used 
on the rack. 

Method A 
Type A Apparatus® 

5. (u) Type A apparatus, illustrated 
in Fig. 2 (a) and (^), consists of the parts 
described in the following Paragraphs 
(5) to (e). This type of apparatus is 
suitable for use when samples are avail- 
able in the form of sheets 0.02 to 0.1 in. 
in thickness and of sufficient size to 
permit the dicing out of test specimens 
with the standard die (Fig. 1). Due to 
the use of individual racks in type A 
apparatus, it is advantageous for use 

*Type A apparatus is described in a paper by W. F. 
Tuley on “Rubber Compounding with the T-SO Test,’* 
India Rubber World, Vol. 97, No. 1, October 1, 1937, p. 39. 
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(b) Front View. 

Fig. 2.— Type A Apparatus. 

(&) Testing Bath—Uhe testing bath the bath. A valve is provided to by- 
consists of a shallow insulated container pass the circulating acetone through 

open at the top, equipped with a support the cooling coil during the cooling cycle, 

to hold the specimen racks in a hori- (c) Refrigerating System,-~-Th.e re- 
zontal position, and a support to hold frigerating system consists -of a copper 

the thermometer. An electric im- coil enclosed in an insulated tank. /The 

mersion heater equipped with an on- tank is packed with a mixture of dry ke 

and-off switch is located in the bath, and acetone, and the acetone for the 
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testing bath is cooled by circulating it 
through the coil (Note 3). ' 

(d) Conditioning Bath—' A condition- 
ing bath is not provided; however, any 
container of a size suitable for holding 
the specimen racks when immersed may 
be used. 

(e) Specimen Racks, —Sixteen racks, 
each holding one test specimen, are 
provided as shown in Fig. 2 (a). A 
fixed clamp at one end and a movable 
clamp hold the ends of the specimen, 
which have tabs on the ends like those 
produced by the die shown in Fig. 1. 
The movable clamp is held in a position 
corresponding to any desired elongation 
of the specimen by means of an ad- 
justable stop; a latch is used to fasten 
the clamp to this stop, so that it is 
easily disengaged when desired. A sec- 
ond adjustable stop holds the movable 
clamp at a position corresponding to one 
half of the original elongation. 

Procedure 

6. (a) The apparatus shall be pre- 
pared for use by packing the cooling 
chamber carefully with dry ice. The 
system shall then be carefully filled 
with acetone (Caution — acetone is in- 
flammable) by adding the acetone di- 
rectly to the open pan. The circulating 
pump shall be started and the valves 
set so that the acetone is circulated 
through the refrigerating coils and 
additional acetone added until the entire 
system is filled to a point about J in. 
above the specimens in the racks. The 
acetone may be precooled before being 
added to the system, but should never 
be cooled by direct contact with dry ice. 

(6) The thermometer shall be set up 
with the bulb immersed in the center of 
the bath. To prevent direct contact 
of the bulb with metal it should be 
protected with a thin rubber sac or rest 
on a rubber pad. When the tempera- 


ture of the bath reaches —'SO, C. (Note 1) 
or below,- the apparatus is ready for the 

specimens. 

(c) The specimen, racks shall be pre- 
pared by adjusting the ktch stop to the 
predetermined elongation, which is ap- 
-proximately 75 per cent (Note 2) of 
the ultimate elongation of the material 
under test, and setting the sliding stop 
between the grips so that the movable 
grip contacts this stop at one half of 
the racked elongation. 

(d) The test specimens, conforming 
to Fig. 1, shall be set up in the racks 
and the jaws tightened. The racks 
shall then be immersed in the condi- 
tioning bath and the specimens im- 
mediately racked until the latch engages 
the stop which has been preset at the 
specified elongation. The racked speci- 
mens, which shall be fully immersed, 
shall be left in the conditioning bath for 
5 to 10 min., removed, rinsed in an 
acetone bath at 15 C., and placed in the 
cold acetone bath. Under no condition 
should the specimens be allowed to re- 
main in the conditioning bath for more 
than 10 min. After the racks have 
been placed in the cold acetone bath, 
the temperature of the bath shall again 
be lowered (there will be a rise in tem- 
perature due to the mass which has been 
added) and the specimens allowed to 
remain racked in the bath for 1 min. 
after the bath temperature has again 
reached —50 C. 

(e) The test specimens shall be re- 
leased (there will be no immediate 
evidence of retraction) and the valve 
controlling the circulation of the bath 
through the refrigerating system closed. 
The pump should remain in operation to 
insure circulation and uniform tempera- 
ture throughout the bath. The im- 
mersion heater shall be turned on and 
manually operated to the extent that 
the temperature rises at a rate not ex- 
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Fig. 3. — Type B Apparatus. 
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eeeding 1 C. per min. ■ Practically, the 
accuracy and reproducibility of the test 
■ is not impaired if the temperature of the 
bath is raised at a rate of 5 to 10 C. 
per min., provided that the rate of 1 C. 
pel' min. is maintained at the T-SO 

I I point. 

(/) T-SO ¥alue, — ^The temperature 
at which the specimen just becomes 
taut shall be noted and recorded as the 
T-50 value. When working with speci- 
mens of pure gum or latex, or specimens 
of small cross-section, it is desirable to 
set the specimen manually to the T-50 
point immediately after release to pre- 
vent error due to drag. 

Method B 
Type B Apparatus^ 

7, (a) Type B apparatus consists of 
the parts described in the following 
Paragraphs (b) to (a). A general view 
I of type B apparatus and a front view 
I showing the testing bath and equipment 
I therein appears in Fig. 3. A dia- 

! grammatic sketch illustrating the opera- 
tion of this apparatus is shown in Fig. 4. 
Type B apparatus is especially suitable 
for testing specimens of light-weight 
■ material such as rubber thread or thin 
sheets due to the arrangement of the 
! specimen racks in which up to 20 speci- 
mens may be tested at one time. With 
this apparatus, it is necessary to give 
all specimens the same elongation in an 
individual test. 

(b) Testing Bath, — The testing bath 
consists of a Dewar tube mounted behind 
a protective glass window as shown in 
Fig. 3 {b). This figure also illustrates 
the mounting of the heater, the air- 
driven stirrer, the thermometer, and 
the specimen rack in the testing bath. 


Type B apparatus is described in a paper by W. A. 
Gibbons, R. H. Gerke, and H. C. Tingey on ^^The Test 
for State of Cure^^ Industrial and Engineering Chemistry 
Analytical Edition, VoL S, No. 4, July 15, 1933, p. 279. 


(c) Refrigerating System,— The 're- 
frigerating system is located' at the rear 
and below the table top. It consists of 
an insulated container for the cooling 
mixture of dry ice and acetone with a 
copper coil inside the container, and a 
reservoir ' partially surrounding the out- 
side of the container (Fig. 4). The 
cooling coil is connected at one end to 
the reservoir and at the other end 
through the valve 3 to the testing bath. 
The top of the reservoir is connected 
through the valve 1 to a supply of com- 


Sh'rrer 



Fig. 4. — Diagram Showing Operation of Type 
B Apparatus. 


pressed air which can be utilized either 
to force acetone into the testing bath 
by air pressure (valve 1 open, valve 2 
closed) or to siphon acetone out of the 
testing bath into the reservoir by suc- 
tion (valves 1 and 2 both open): 

(d) Conditioning Bath - — ^Two condi- 
tioning baths, one for acetone and one 
for water are provided in the upper left- 
hand portion of the cabinet (Note 3). 
The drain cocks are visible in Fig. 3 {a). 

(e) Specimen Rack , — A type of rack 
suitable for use with the type B appara- 
tus is illustrated in Fig. 5. It consists 
of a brass channel frame with the 
fixed clamp mounted at the lower end. 
The movable clamp slides along the 
frame and is moved by means of a strip 




992, ; .Test foe .State of ' Citee' of Vtjlcanked Rubber , (D 599 ,- 40 ,T) 


of ' brass- ■ extending: beyond the top of 
the rack. The movable clamp is held 
in the - desired : positions . by means- of 
slots in the' sides of the brass strip 
which engage a fixture at the top of the 
rack. A spring keeps the slots engaged 
with the fixture until it is desired to 
release the movable clamp. This rack 
is capable of holding up to 20 specimens 
■at a time. ■ . 


then be rinsed- ill an acetone bath at 
about 15 C. and transferred, to the cold 
■acetone bath.' (If an acetone condition- 
ing bath is used, rinsing is not necessary) . 
The acetone shall be alternately trans- 
ferred to the cooling reservoir and back 
to the testing bath until the temperature 
of the testing bath has reached at least 
■ ~ SO C. (Note 1) . The air stirrer shall be 
run at a sufficient speed ' to ■ maintain a 



Fig. 5. — Specimen Rack for Type B Apparatus. 


Procedure 

8, {a) The cooling container shall be 
filled with a mixture of dry ioe and ace- 
tone, and the testing bath, cooling coil, 
and cooling reservoir filled with acetone 
to the desired level. The acetone in the 
testing bath shall be brought to a tem- 
perature of — 50C. or lower by alter- 
nately transferring it to the cooling 
reservoir and back to the bath. 

(b) The test specimens shall be 
clamped in the rack and then placed in 
the conditioning bath at 20 C. After the 
specimens in the rack have reached the 
temperature of the conditioning bath 
they shall be stretched to the specified 
elongation (Note 2) and allowed to 
stand for 5 min. If water is used in the 
conditioning bath the specimens shall 


unifprm temperature in the testing bath. 
The specimens shall be allowed to re- 
main racked in the bath for at least 1 
min. after the bath has reached the 
desired temperature. 

(c) The specimens shall be released, 
the upper clamp moved to a position 
corresponding to one half of the original 
elongation of the specimens, and the 
immersion heater turned on. By open- 
ing and closing the heater switch a rate 
of temperature rise not exceeding 1C. 
per min. may be maintained. (During 
the early stages of heating, rates of 
temperature rise of 5 to 10 G. are per- 
missible, provided the rate is slowed 
down to 1 C. per min. by the time the 
temperature is 5 C. below the T-50 point 
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of the specimen being tested,) During 
the heatingj the specimens, which on 
release show practically no elastic re- 
covery, will gradually contract. 

(d) T~50 .. Value —The temperature 
at which a specimen becomes just taut 
between the clamps shall be taken as the 
T-SO value for the specimen. 


Report 

9. The report should include the 

following: 

(1) The T-50 value, 

(2) The elongation used in the test, 

and 

(J) The ultimate elongation of the 

specimens. 


Explanatory Notes 


Noxe I: Initial Bath Temperature.— An ini- 
tial bath temperature of —50 C. is adequate for 
practically all ordinary work. In testing speci- 
mens in which the T-50 values are expected 
to be under — 30 C. the initial bath temperature 
should be dropped to —65 C, 

Note 2: Eject of Elongation .' — As the elonga- 
tion to which the specimen is stretched before 
freezing is increased, the T-50 value becomes 
higher, approaching constancy as the ultimate 
elongation is approached. With accelerated 
“pure gum” stocks, little or no change occurs 
above 500 per cent elongation. With acceler- 
ated tire tread stocks (40 parts of carbon black 
per 100 parts of rubber), elongations of 350 
per cent and higher usually give constant 
results. With unaccelerated stocks, the T-50 


value increases appreciably even above 650 
per cent elongation. In any case, stretching 
to 75 per cent of the breaking elongation will 
give reproducible results. 

Note 3: Precautions . — It is recommended 
that the apparatus be drained of acetone, if left 
standing unused for any period of time. The 
acetone should be filtered before replacement 
and special pains taken to free it of water which 
is troublesome in such a low-temperature 
system. It is necessary to replace the acetone 
from time to time due to discoloration; It can, 
however, be redistilled and re-used if adequate 
equipment for the distillation is available. 
Caution^ never lose sight of the fact that acetone 
is inflammable and should be carefully handled. 


Tentative Method of Test for 

INDENTATION OF RUBBER BY MEANS 
OF THE DUROMETER ‘ 



A.S.T.M. Designation: B 676 - 46 T 

Issued, 1942; Revised, 1944, 1946.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L This method of test covers the pro- 
cedure for determining the indentation 
of rubber by means of the durometer. 
The method is considered a convenient 
means for obtaining an indication of 
the approximate hardness of rubber 
articles. It is not suitable for general 
use in purchasing specifications, except 
when the values specified are accom- 
panied by adequate tolerances. 

Apparatus 

2. (a) Indentor Point . — The indentor 
point shall be made of hardened steel 
and shall conform to the shape and size 
shown in Fig. 1. 

(5) Calibrated Spring.— The spring in 
the durometer shall be such that when 
it is calibrated in accordance with the 
procedure described in the paper on 
^^The Standardization of Durometers,” 
by Lewis Larrick^ the calibration curve 


shall conform to a straight line, one end 
of which is at zero dial reading and 
50-g. load and the other end at 100 dial 
reading and 8S0-g. load, as showm in 
Fig. 2. A variation of plus or minus 
4 g. from the straight line shall be 
permitted at any or all points. 


0.031^- 

diom. 



35 deg. 


A// dimensions 
are subject fo^ 
permissible vario' 
tion of plus or min- 
us O.OOf unless 
otherwise noted. 

Gage reading OfolOO 
for 0.094" 
travel. 


Fig. 1 . — Indentor Point for Durometer, 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-il on Rubber and Rubber- Like Materials. 

2 Latest revision accepted by the Society at annual 
meeting, June, 1946. 

^ Proceedings^ Am. Soc. Testing Mats., Vol. 40, p. 1239 
(1940). 


.Test Specimens 

3. Test specimens shall be at least 
0.25 in. in thickness. Thinner samples 
may be piled up to obtain this thickness, 
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but hardness determinations made on 
such specimens shall be considered only 
indicative . and not definite. No hard- 
ness determination shall be made within 
0.5 in, of the edge of the specimen and 
under no circumstances shall hardness 


" (i) The durometer and the speci- 
men shall be conditioned in . air or iii' a; 
mixture of .air and carbon d.ioxide at 
the prescribed temperature for at least 

30 min. before test. 



Lood, g. 


Fig. 2.-~Galibration Curve for Durometer Spring. 


determinations be considered practical 
unless the entire width of the bearing 
plate is resting on the specimen. A 
suitable hardness determination cannot 
be made on a rounded surface or on one 
that is narrower than the bearing plate. 

Temperature of Test 

4. (a) Normal Temperature of Test,— 
The durometer test shall normally be 
conducted with both the instrument and 
specimen stabilized at room temperature, 
which shall be between 70 and 90 F. 
(21 and 32 C.). 

(J) Use at Temperatures Other than 
iVawa^.— When tests are made at tem- 
peratures other than normal, the follow- 
ing conditions shall be observed: 


{2) Several determinations shall be 
made by manual or suitable mechani- 
cal manipulation. 

(J) Whenever, for any reason, it 
becomes necessary to remove the 
durometer from a chamber at a 
temperature below room temperature, 
the durometer shall be placed in a 
suitable dessicator immediately upon 
such removal and allowed to remain 
there until its temperature is above 
the dew point of the air in the room. 

{4) A durometer used for testing at 
other than normal temperatures shall 
not be used for subsequent determina- 
tions until it has definitely attained 
room temperature. 
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(5) All readings taken at other than 
normal temperature shall be recorded 
with a notation clearly stating the 
actual temperature of test. 

Procedure 

5. (a) Method of Application of Bur- 
.ometer to the Specimen . — The durometer 
shall be grasped between the thumb 
and the third and fourth finger, resting 
the index finger on top of the instrument. 
The durometer shall then be placed on 
the test specimen while keeping the 
base of the instrument parallel to the 
surface of the specimen. This method of 
application allows the seating of the 
plate around the indentor point flush 
with the test surface with a minimum 
amount of rocking. 


(b) Pressure Application— Tht test 
pressure applied shall be just sufficient 
to, insure firm contact of the pressure 
plate with the test specimen. 

(c) Time of Reading . — The durometer 
indentation reading shall normally be 
taken immediately after application of 
the instrument so as to obtain the maxi- 
mum numerical value. In the event 
that this immediate reading is not suit- 
able for the type of work being done as 
in research or for investigations of flow 
properties or the like, it is permissible 
to use readings taken IS sec. after 
application of the instrument, provided 
the time of reading is recorded with the 
hardness figure. It is to be understood 
that, when no time is specified, the im- 
mediate reading shall be used in the 
indentation determination. 



Tentative Methods of Test Jor 
COMPRESSION SET OF VULCANIZED RUBBER* 



A.S.T.M. Designation: D 395 - 46 T 

Issued, 1935; Ej:vised, '1936, 1937, 1940, 

These Tentative Methods have' been approved, by the ■ sponsoring com-: 
mittee and accepted by, the Socie.ty in accordance with established, pxoce- 
dures, for nse pending adoption as" standard. '. Suggestions for revisions 
should , be addressed to the Society atT916 Race St., Philadelphia 3,„Pa. 


Scop,e ', 

1. These methods ■ cover the proced- 
ures for testing vulcanized rubber parts' 
which are ,to .be assembled, in such a 
manner that the rubber will be subjected 
to compressive stresses, or shear. They 
are applicable particularly to the rubber 
used in machinery mountings and vibra-' 
tion dampers. 

Compression Set 

2. For the purpose of these tests,' 
compression set of rubber shall be con- 
sidered aS' the - residual decrease in 
thickness, expressed as the percentage 
of ■ the original thickness, of a test speci-. 
men measured 30 min. after removal 
from a suitable loading device in which 
the specimen had been subjected for a 
definite time to compressive deformation 
under specified conditions of 'load appli- 
cation and temperature. ■ 

Types of Tests 

3. (a) Compression set tests are in- 
tended" to measure the ability of rubber- 
compounds to retain elastic properties 

1 Under the standardizatioB procedure of the Society, 
these methods are under the jurisdiction of the A.S,TJd. 
Committee D-11 on Rubtwsr and Rubber-Like Materials. 

2 Latest revision accepted by the Society at annual 
meeting, June, 1946. 


during prolonged action of compressive 
stresses. The actual stressing in service- 
may .involve .the maintenance., of a 
definite deflection, the constant ■ appli- 
cation of. a , known, load, or, the , rapidly: 
repeated deformation and recovery , re- 
sulting from intermittent ' compressive 
forces. Though- - the latter dynamic 
stressing, like the others, produces 
compression set, its effects as a whole 
are more closely simulated by compres- 
sion flexing or hysteresis tests. There- 
fore, compression set tests are considered 
to' be only those involving static loading. 

(S) These methods, cover the foEowing 
two test procedures using different types 
of load application: 

Method A for compression -net of 
vulcanized .rubber under- constant 
load. 

Method B for compression set of 
vulcanized rubber under'- constant 

deflection, 

(c) The choice of method, is optional 
but consideration should be given to 
the nature' of the service for which 
correlation, of test results may be sought. 
Notation shaU be made in each ,: test 
of the method actuafly ;used. ,In case 
of conflict between the provisions of 
'these methods and those of' detailed 
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specifications or methods of test for a 
particular material, method B shall take 
precedence. 

'Apparatus 

4. (a) CompressionDmces . — The com- 
pression devices as specified in Section 
1 (a) or (&) for method A and in Section 
10 for method B shall be used. 

(6) Plates . — ^The plates between which 
the test specimen is compressed shall be 
made of steel of sufficient thickness to 
withstand the compressive stresses with- 
out bending. The surfaces against which 
the specimen is held shall have a highly 
polished chromium-plated finish and 
shall be thoroughly cleaned and wiped 
dry before each test. 

{c) Oven . — Any well designed, uni- 
formly heated standard dry-air oven of 
sufficient size to hold the compression 
device may be used for this test. The 
oven shall be provided with proper 
temperature control to maintain the 
specified temperature within a permissi- 
ble variation of plus or minus 1 C. 
(1.8 F.). Satisfactory circulation of 
the air shall be secured by means of a 
fan. The compression device sh^ll be 
centrally located in the oven and sup- 
ported above the bottom of the oven 
by means of a wire rack mounted on 
wood or asbestos block so that it is 
heated by indirect heat. 

(d) Dial Gage . — A dial gage graduated 
in thousandths of an inch having a 
raised platform f in. in diameter and a 
spherical presser foot i in. in diameter, 
actuated by a load of 3 zh 0.1 oz., shall 
be provided for measuring the thickness 
of the specimen before and after loading. 

Standard Test Specimens 

5. The standard test specimen shall 
be a cylindrical disk f in, in thickness, 
cut from the vulcanized rubber part by 
means of a sharp, circular die having an 
inside diameter of 1.129 zfc 0.001 in. 
In cutting the specimen, the die shall be 


suitably rotated in a drill press or similar 
device and lubricated by means of soapy 
water so that a smooth-cut surface 
having square edges is obtained. The 
cutting pressure' shall be kept suffi- 
ciently small to avoid ^^cupping’^ of 
the cut surface. When ' necessary, the 
specimen thickness shall be reduced to 
the required J in. by cutting transversely 
with a sharp knife and carefully buffing 
to size within a permissible variation of 
plus 0.005 in. and minus 0.025 in. The 
buffing shall be lightly done to avoid 
overheating and care shall be taken to 
keep the circular faces parallel and at 
right angles to the axis of the cylinder. 

Special Test Specimens 

6. In routine production testing it is 
sometimes more convenient to cut test 
specimens of a different size and shape 
than that specified in Section 5. When 
any other size of specimen is used the 
test results shall not be compared with 
those secured using the standard test 
specimen. When using specimens of 
special sizes or shapes the results may be 
compared only with those from similar 
sizes and shapes. 

Method A. Compression Set 
Under Constant Load 

Compression Devices 

7. The compression device shall con- 
sist of a loading spring and two parallel 
compression plates assembled by means 
of a frame or threaded bolts in such a 
manner that the device shall be portable 
and self-contained after the load has 
been applied and that the parallelism 
of the plates shall be maintained. The 
load may be applied as described in 
either Paragraph (a) dr (&). 

(a) Calibrated Spring Loading.'~~-ln 
the case of calibrated spring loading, 
the required load shall be applied by a 
screw mechanism for compressing a 
calibrated spring the proper amount as 
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measured to the nearest hundredth of an 
inch. The spring shall be of properly 
heat-treated ' spring steel with '‘ends 
ground square aiid^ perpendicular to the 
longitudinal axis of the spring. A 
suitable compression device is shown in 
Fig. 1. The spring shall conform to the 
following requirements: (i) The spring 
shall be calibrated at room temperature 





Fig. 1. — Device for Compression Set Test, Using 
Calibrated Spring Loading, Method A. 


i ■ ■ ■ ' ■ . 

: (24 ± 5 C. (75 rh 9 P.)) by applying 

! successive increments of load of 50 =h 

0,5 lb, and measuring the corresponding 
deflection in hundredths of an inch. 
The curve obtained by plotting the loads 
against the corresponding deflections 
. shall have a slope of 4.0 ± 0.2 at 400-lb. 

load. The slope is obtained by divid- 
I ing the difference between two loads 


expressed in pounds by the' difference 
between the corresponding deflections 
expressed in hundredths of an inch. 

Note: Example— h, spring which deflects 
1.00 in. at 400 lb. and 0.75 in. at 300 lb. gives a 

slope of 4.0. 


{ 2 ) The original dimensions of the 
spring shall not change due to fatigue by 



Fig. 2. — Device for Compression Set Test, 
Using External Loading, Method A. 


more than 0.01 in. after it has been 
mounted in the compression device, com- 
pressed under a 400-lb. load and heated 
in the oven for 1 week at 70 C. (158 F.). 
In ordinary use, a weekly check of the 
dimensions shall show no greater change 
than this over a period of 1 yr. 

(5) The minimum load required to 
dose the spring solid shaU be 530 lb. 
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V (b) 'Eocternal Loading,— In t,he case- of 
external loading, the required load shall 
be applied to the compression plates 
and spring by external means after the 
test specimen is mounted in the appara- 
tus. Either a calibrated compression 
machine or dead weights may be used for 
load application. Provision shall be 
made by the use of bolts and nuts or 
other devices to prevent the specimen 
and spring from losing their initial de- 
flections when the external load is 
removed. The spring shall have es- 
sentially the same characteristics as 
described in Paragraph ({j), but calibra- 
tion is not required. A suitable com- 
pression device is showm in Fig. 2. 

Procedure 

8. (a) Original Thickness Measure- 
ment. — The original average thickness 
of the test specimen shall be measured 
to the nearest 0.001 in. The specimen 
shall be placed on the small platform 
of the dial gage so that the presser foot 
will indicate the thickness at the central 
portion of the top and bottom faces. 

(6) Application of Load. — The test 
specimen shall be assembled in the com- 
pression device, using extreme care to 
place it (Exactly in the center between 
the plates so that tilting may be avoided. 
If the calibrated spring device (Fig. 1) 
is used, the load shall then be applied 
by tightening the screw until the de- 
flection as read from the scale is equiva- 
lent to that shown on the calibration 
curve for the spring as corresponding 
to a load of 400 lb. With the external 
loading device (Fig. 2), a 400-lb. load 
shall be applied to the assembly in the 
compression machine or by dead weight, 
but in the latter case care shaE be taken 
to apply the weight gradually without 
shock. The nuts and bolts shall then 
be tightened just sufficiently to hold the 
initial deflections of the specimen and 
spring. It is imperative that no addi- 


tional load be applied in tightening tlie 
bolts. 

{cy Heat Treatment.— Beioie insert- 
ing the test specimen in the compression 
device, the compression device shall be 
■preheated for a sufficient length of time 
to insure that the entire assembly is at 
the testing temperature. A minimum 
amount of time shall be consumed in 
changing or in inserting test specimens, 
Should it be necessary to keep the device 
out of the oven longer than 20 min., 
it is suggested that the device after 
loading shall be immersed in water at 
158 F. for a period of 20 min, before 
being replaced in the air oven. The 
assembled compression device shall be 
placed in the oven within 2 hr. after 
completion of the assembly and shall 
remain there for 22 hr. in dry air at 70 
C. (158 F.). At the end of the heating 
period the device shall be taken from the 
oven and the test specimen removed 
immediately and allowed to cool. 

{d) Cooling Period. — While cooling, 
the test specimen shall rest on a wooden 
table top for 30 min. before the measure- 
ment of the final thickness is made, 

{e) Final Thickness Measurement— 
After the rest period, the final thickness 
shall be measured at the center of the 
test specimen using the dial gage de- 
scribed in Section 4 (d). 

(/) Check -Tests shall be run in 

duplicate but only one test specimen 
shall be tested at one time in each com- 
pression device. The duplicate test 
results should agree within 5.0 per cent 
of the values obtained. 

Report 

9. The ' report shall ; include the fol-’ 
lowing: 

" (^) The, original dimensions of r thev, 
test specimen, ; including ' the original 
thickness, Ly 

{b) The actual compressive load on the 
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specimen as determined from the cali- 
bration curve of the spring and the 
spring deflection reading (Section 7 (a)) 
or as applied by external loading (Section 
7 (5)), 

(c) The thickness of the test specimen 
30 min. after removal from the clamp, 
# 1 , and 

(d) The compression set in inches and 
expressed as a percentage of the original 
thickness, calculated as follows: 

Compression set *= to — h 

to — k 

Percentage compression set = X 100 

Method B, Compression Set Under 
Constant Deflection 

Compression Device 

10. The compression device shall con- 
sist of two or more flat steel plates 
between the parallel faces of which the 
specimens may be compressed as shown 
in Fig. 3. Steel spacers for the required 



Fig. 3, — Device for Compression Set Test 
Under Constant Deflection, Method B. 


percentage of compression given in 
Section 11 (6) shall be placed on each 
side of the rubber specimens to control 
their thickness while compressed. The 
steel surfaces contacting the rubber speci- 
mens shall be ground to a maximum rough- 
ness of 10 micro-inches and then chro- 
mium plated and polished. They shall 
be thoroughly cleaned before each use. 


Procedure 


11. (a) Original Thickness Measure 
The original average thickness 
of the specimen shall be measured as 
described in Section 8 {a ) . 


' ■(J) Applkatim of ,. Load . — ^The test 
specimen ■ shall be placed between the 
plates of the compression device with 
the spacers , on each side of it. If only 
one specimen is being tested, it shall be 
placed in the center. ' If two specimens 
are being tested, three spacers shall be- 
provided, one in the center and one 
■outside of each specimen, allowing suffi- 
cient clearance for the bulging of the 
rubber when compressed (Fig. 3). The 
bolts shall be tightened so that the plates 
are drawn together uniformly until they 
are in contact with the spacers. The 
percentage of compression employed 
shall depend upon the hardness of the 
rubber being tested, according to the 
following table: 


Durometer Hardness 
Number 

30 ±5 

40d:5 

50 ±5 

60±5 

70 ±5 

80 ±5 

90 ±5 


Deflection, i>er cent 
of original 
thickness 

40 

40 

30 

30 

25 

25 

20 


{c) Heat Treatment . — The heat treat- 
ment of the specimen shall be performed 
in accordance with Section 8 (c). 

(d) Cooling Period . — The specimen 
shall be cooled in accordance with Sec- 
tion 8 (d). 

{e) Final Thickness Measuremerd . — 
The final thickness of the specimen shall 
be measured as described in Section 
8(e). 

(/) Check Tests . — ^Tests shall be run 
in duplicate and the results should agree 
within 5.0 per cent of the values ob- 
tained. 

Report 

12. The report shaE include the fol- 
lowing: 

(a) The original dimensions of the 
test specimen including the original 
thickness, 
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. (6) The percentage compression of the 
specimen actually employed, 

(c) The thickness of the test specimen 
30 min* after removal from the clamp, 
ii, and 

(d) The compression set expressed as 
a percentage of the originai deflection 
shall be calculated as follows:^ 

c 100 

fQ 


where: 

C = compression set expressed as a 
percentage of the original de- 
flection, and 

4 = thickness of the spacer bar used. 


s It has been found that the compression set as calcu- 
lated in Section 12 (i) is substantially constant for speci- 
mens cut from any one sample regardless of the original 
deflection (within the limits of the table in Section 11 (6)) 
actually used. 



Tentative Methods of Test for 
COMPRESSION FATIGUE OF VULCANIZED RUBBER* 



A.S.T.M. Designation: D 623 - 41 T 

ISSIIED, 1941.2 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods are intended for use 
in comparing the rate of heat generation 
and the fatigue characteristics of vul- 
canized rubber compounds that may be 
subjected in use to dynamic compression 
strains. Owing to wide variations often 
present in service conditions, no direct 
correlation between these accelerated 
tests and service performance may be 
given or implied. However, the meth- 
ods yield comparative data on which to 
base judgment as to service quality, and 
are especially useful in research and de- 
velopment work. They are not suitable 
for use in purchase specifications, be- 
cause both correlation with service life 
and reproducibility between different 
laboratories are uncertain. It is as-* 
sumed that the methods will be used 
principally for intercomparisons between 
compounds tested under identical condi- 
tions, in which case the compounds show- 
ing lowest heat generation and least 
change due to fatigue may be considered 
superior for those service applications 
where these factors are considered 
significant. 


Types of Test 

2. {a) In general, the test consists of 
subjecting a specimen of rubber of 
definite size and shape to rapidly oscillat- 
ing compressive stresses under controlled 
conditions and measuring the extent and 
rate of the temperature rise of the speci- 
men, the impressed loads, the dimen- 
sional changes, and the time required for 
failure by actual blowout, if this occurs. 

(J) These methods cover three test 
procedures using the following different 
t}q)es of apparatus: 

Method A. The Goodrich Flex- 
ometer. 

Method B. The Firestone Flex- 
ometer. 

Method C. The St. Joe Flexometer. 
Preparation of Sample 

3. (a) The sample may consist of any 
vulcanized rubber compound except 
those generally classed as hard rubber, 
provided it is of sufficient size to permit 
preparation of the test specimen required 
for the method to be employed. The 
sample may be prepared from stock 
mixed experimentally in the laboratory 
or taken from process during manufac- 
ture, or it may be cut from a finished 
article of commerce. 

{b) If prepared in the laboratory, the 


^ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Gommittce D-ll on Rubber and Rubber-Like Materials. 

* Accepted by the Society at annual meeting, June, 1941. 
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procedure shaE be essentiaUy as specified 
in Standard Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (A.S.T.M* Designation: D IS) 
of the American Society for Testing 
Materials,^ except that when vulcaniza- 
tion is required, the sample shall be 
molded in block form of sufficient size to 
permit cutting of the required test speci- 
ments rather than in the form of the 
standard test slab. 

(c) Samples from commercial articles 
shall consist of a piece slightly larger 
than the required test specimen and 
shaE subsequently be cut or buffed to 
size. 

(d) Comparison of results shall be 
made only between specimens of identi- 
cal size and shape. 

Method A. Goodrich Flexometer^ 
Rature of Test 

4. In this method, which uses the 
Goodrich Flexometer, a definite compres- 
sive load is applied to a test specimen 
through a lever system having high 
inertia, while imposing on the specimen 
an additional high-frequency cyclic com- 
pression of definite amplitude. The in- 
crease in temperature at the base of the 
test specimen is measured with a thermo- 
couple to provide a relative indication 
of the heat generated in flexing the 
specimen. Specimens may be tested 
under a constant applied load, a con- 
stant initial compression, or a constant 
deflection during the test. The change 
in height of the test specimen can be 
measured continuously during flexure. 
By comparing this change in height 
with the observed permanent set after 
test, the degree of stiffening (or soften- 
ing) of the test specimen may be esti- 
mated. Amsotroplc specimens may be 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

* E. T. Lessig, Industrial and Engineering Chemistry. 
Analytical Edition, Vol. 9, pp. 582-588 (1937). 


tested in .different directions producing 
measurable differences., in temperature 
rise due to the 


Apparatus 

5. (a) The essential parts of the ap- 
paratus are shown in Fig. 1. The test 
specimen is placed between anvils cov- 
ered with special heat-resistant hard 
rubber insulators. The top anvil is 
connected to an adjustable eccentric 
driven at 1800 rpm. The load is applied 
by means of a lever resting on a knife- 
edge. The moment of inertia of the 



1— Conuection to eccen- 
tric which drives top 
anvil. 

2— Top anvil. 

3— Test specimen. 

4— Lower anvil. 

5— Support for lower 
anvil. 

6— Lever through which 
load is applied. 


7— Calibrated microm- 
eter device. 

8— -Knife-edge. 

9 — Supporting base. 

10— Test load. 

11— Equal 50-lb. weights 
for increasing inertia 
of lever system. 

12— Pointer and refer- 
ence mark for level- 
ing of lever. 


Fig. 1. — Goodrich Flexometer. 


lever system is increased, and its natural 
frequency reduced, by suspending equal 
weights of 50 lb. at each end of the lever 
at positions equidistant from the knife- 
edge. The lower anvil can be raised and 
lowered relative to the lever by means 
of a calibrated micrometer device. With 
this device the bar may be maintained 
in a horizontal position during a test, as 
indicated by a pointer and a reference 
mark on the bar. The InGrease in 
temperature at the base of the specimen 
is determined by means of a thermo- 
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couple placed at the center of the bottom 
anvil To keep the specimen in contact 
with the insulated anvils during the en- 
tire compression cycle, ' the total length 
of the compression stroke shall be less 
than about twice the initial compression 
of the test specimen. ' The length of the 
compression stroke is adjusted by means 
of a vernier and scale on the eccentric, 

(b) The machine may be equipped 
with a well-insulated oven surrounding 
the test specimen so as to permit running 
of tests at elevated temperatures. The 
oven is controlled by means of a thermo- 
regulator and is provided with a small 
motor-driveii fan to maintain air circula- 
tion. Use of the oven also assures uni- 
form temperature of the air surrounding 
the specimen. 

Test Specimen 

6. The test specimen shall be cylin- 
drical in shape, 1 in. in height and 0.7 in. 
in diameter, and may be conveniently 
cut .from larger blocks or from manufac- 
tured articles, using a cylindrical cutting 
tool either in a drill press or lathe. 
Laminated test pieces also may be built 
up without the use of adhesive from thin 
disks 0.7 in. in diameter arranged hori- 
zontally in the machine. 

Procedure ■ 

7. (a) Before starting a test, the ec- 
centric which drives the top anvil shall 
be adjusted to give the desired length of 
stroke. The top anvil shall then be 
raised as far as the eccentric will permit 
and the micrometer device adjusted by 
inserting a calibrating block 1 in. in 
height between the anvils and setting 
the micrometer at zero. If necessary, 
adjustment of the cross bar holding the 
top anvil shall be made to bring the lever 
bar to a horizontal position. The 
pointer shall then be set on the mark on 
the end of the lever bar to mark the zero 
position. 


(b) After removing ' the calibrating 
block, the test specimen siiali be placed 
between the anvEs, , ,properiy , centered 
over the thermocouple, and loaded by re- 
leasing the lever bar on which the de- 
sired loading weight has been suspended. 
The bar shall then be returned to its 
■zero position by turning the micrometer 
mechanism and the static compression of 
the specimen under load shall be read 
directly on the micrometer scale which 
is graduated to 0.001 in. The lever bar 
shall then be fastened in the zero position 
and the motor which drives the eccentric 
started, after which the bar shall be 
again allowed to act freely on the speci- 
men and shall be readjusted to its zero 
position while the specimen is being 
flexed. This readjustment shall be re- 
peated at intervals during the test to 
indicate on the micrometer the change in 
the mean height of the specimen during 
flexure. 

(c) The increase in temperature, meas- 
ured at the base of the specimen by 
means of the thermocouple, shall be ob- 
served progressively during the test. 
This depends not only on the heat gen- 
erated but also on the conductivity and 
emissivity of the test specimen, the con- 
ductivity of the insulators,® and other 
factors. Corrections for differences in 
conductivity may be made, but in prac- 
tice may be neglected and stocks com- 
pared on a basis of actual temperature 
rise at the base of the test specimen. 

(d) The duration of the test is de- 
pendent on the information desired as 
well as on the type of stock being tested. 
Tests may be made for a definite time 
interval, until there is no further in- 
crease in heat build-up, or until actual 


^Thermal and msulating materials^ other than those 
specified and snpplied with the machine maj? be substi- 
tuted, provided that their thermal conductivity, specific 
heat, specific gravity, and softening temperatures Be the 
same within plus or minus 2| per cent of the re^ective 
values for the specified materials- Depiled drawings for 
the anvil construction are on file at Society Headquarters. 




blowout of the 
practice, the leu 
chosen may vary 
and the added ioa 
be such as to gi\ 
on ■ the specimer 
and heavier load 
of the test before 
rise or actual bio 


1 / 

A/i 


Te 


VQt 

All: 


[e) The perma 
as the percentaj 
between the oi 
specimen at rooj 
height of the U 


1007 


Tests tor Compression Fatigue* of Rubber (D 623 41 T)' 


is applied to one end of a test specimen 
held under a constant compression load, 
and the time required for a definite 
change in height of the test specimen is 
determined. 

Apparatus 

10. The apparatus , is illustrated in 
Fig. 2, The speed of oscillation of the 
oscillating plate shall be constant at 800 
cycles per min., but the compression 
load and the magnitude of the oscilla- 
tion may be varied over a wide range. 
The oscillating and loading plates are 
equipped with center inserts of wood, 
3 ill. (7.62 cm.) in diameter and 0.50 
in. (1.27 cm.) in thickness. 

Test Specimen 

11. The laboratory test specimen shall 
be in the shape of a frustum of a rec- 
tangular pyramid and shall have the fol- 
lowing dimensions: base, 2.125 by 1.125 
in. (5.40 by 2.86 cm.); top, 2 by 1 in. 
(5.08 by 2.54 cm.); and altitude, 1.50 in. 
(3.81 cm.). This tapered shape permits 
the preparation of perfect specimens 
from any type of stock. Test specimens 
of cured articles may be cut into any 
suitable size and shape, provided a 
similar specimen of a known control 
may be prepared. 

Procedure' 

12. (a) The oscillating plate shall be 
set on dead center and brought to a 
definite starting temperature. 

(6) The test specimen shall be placed 
on the oscillating plate, directly under 
the loading plate and between the wood 
inserts in the plates. The wood inserts 
act as heat insulators, and tend to hold 
all generated heat in the test specimen. 

(c) The load shall be applied to the 
test specimen by turning the hand wheel 
on top until the load is carried by the 


block and not by the. thrust hearing, on 

the wheel. 

(d) The height ' : of .the block after, , 
applying the load shall then be measu,red, '' 
and the deflection calculated. 

(e) The oscillating plate shall be ' set 
the desired amount oS center, distorting 
the test specimen so that it resembles 
the frustum of . a sloping ^ rectangular ' 
pyramid. The diameter of the circle 
described by the' lower plate ■ while: in 
motion Is designated as the “throw.” 

(/) The electrical bell-ringing contacts 
shall be adjusted so that they are a 
definite distance apart. 

Note. — ^TMs initial contact opening is called 
“signal distance.*^ As the block is deflected 
under the testing conditions, the upper contact 
is carried downward toward the lower contact, 
because the load, which is a dead weight, con- 
tinues to rest on the yielding block. This down- 
ward movement has been found by many tests 
to be a definite criterion of the condition of the 
center of the block. In other words the signal 
distance, at the time porosity began, w’as the 
same for all blocks of similar composition. 
Should the test be continued sufficiently long, 
the block will actually blow out, or shatter to 
pieces, and it is to prevent this actual destruc- 
tion that the yield distance of slight porosity 
is used. 

(g) The duration of the test, which is 
now ready to be started, shall be meas- 
ured from the time the circular motion 
is started until the bell rings. The bell 
does not ring until the test block has 
been deformed sufficiently to allow the 
electrical contact to close. 

Precautions 

13. Care should be taken that only 
well-molded blocks are used and that 
the machine is correctly set each time. 
If these two precautions are taken, con- 
sistent results will be obtained. The 
machine is not intricate in design or 
movement, yet it can readily be used for 
a wide variety of tests. 
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Method €. The Sx./ J oe Flexometer'^ 

, Nature of Test , , 

14/ In this which uses the 

St* Joe Flexometer, the rate of heat 
generation and breakdown characteris- 
tics of rubber compounds when flexed 
under compressive loads are measured. 
The machine is designed to determine 
the point at which incipient failure starts 


Apparatus 

15. The essential features of the ap- 
paratus, illustrated in Fig. 3, are aS' fol- 
lows: The test specimen of rubber .acts 
as a coupling between the two parallel 
face plates, which are mounted on con- 
centric vertical shafts in such a manner' 
that the rotation of the top plate is 
transmitted through the specimen to the 



I— Rubber test specimen. 

2~-Upper face plate. 

3— Lower face plate. 

4— Centering jig. 

5 — Hydraulic jack. 

6— Vertical load weights. 

7 — Lever. 

S—Upper vertical shaft, 

9— V-Dclt pulley. 

10— Lower vertical shaft. 

II— Carriage. 

12— Carriage rollers. 

13— Track. 

14— Hydraulic jack. 

15— Horizontal load weights. 

16— Hanger for weights. 

17— Bell crank. 

18— Link. 

19 — Platform sc”ale. 

20 — Handwheel for deflection adjustment 

21 — Parallel linkage, 

22~Double divided scale. 

23 — Straight edge for micrometer. 

24 — Pointer for vertical compression. 

25— Pointer for horizontal deflection. 

26 — ^Dial-type micrometer gage. 

27 — Carriage stop. 


Figure 3, a drawing of the complete 
machine, shows the mechanism for 
loading and flexing the test specimen, 
as well as the means by which the 
flexure and flexing forces are meas- 
ured. 

Test specimen 1 is accurately posi- 
tioned betw^een face plates 2 and 3 
through use of centering jig 4. By 
release of jack 5, the load is applied 
vertically to the test specimen from 
Fig. 3.— St. 

in the center of the test specimen. How- 
ever, the test can be continued and the 
time and loadings for actual heat blow-^ 
out can also be recorded. 


This method was originated by the St. Joseph Lead Co. 
For further information respecting this test, see R. S. 
Havenhill and W. B. MacBride, "'‘A New Laboratory 
Machine for Evaluating Breakdown Characteristics of 
Rubber Compounds,” Industrial and Engineering Chemis- 
try, Vol. 7, No. 1, January IS, 1935, p. 60; also R. S. Haven- 
hill, “Heat Generation and Anisotropy of Rubber Com- 
pounds in Flexometer,” Physics, Vol. 7, No. 5, May, 1936, 
p. 197; also “Evaluating Carbon Black for the Rubber 
Industry in the Huber Laboratory,” p. 24, J, M. Huber, 
Inc., (1936.) 


weights 6, acting through lever arm 7, 
which rests on top of vertical shaft 8, 
producing compression in the test 
specimen. This shaft is driven by 
pulley 9 which is belted to a vertical 
shaft motor. The low^er face plate 3 
rests on vertical shaft 10 and is driven 
by the upper shaft and face plate 
through the test specimen, 'which acts 
as a coupling. Vertical shaft 10 and 
carriage 11 are mounted on rollers 12 
that ride on track 13. 

Joe Flexometer. 

lower plate. The upper plate shall be 
motor driven at 875 rpm.® A vertical 
load shall be applied to the test specimen 
through a lever arm acting on the top 
face plate so that the specimen is com- 
pressed while rotating between the two 
plates. At the same time a horizontal 


* A constant operating speed is essential; where line 
voltages are variable, suitable precautions must be taken 
to obtain constant operating speed* 
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load shall be applied to the lower face 
plate, thus moving the bottom' of the 
specimen off center.: The eccentricity of 
the. two rotating plates produces a flex- 
ing of the rotating specimen while it is 
under compression, and results in a 
sharply defined, blowout or failure. The 
end point of the test is the time and 
loading required to produce incipient 
failure, which is indicated on the hori- 
zontal load scale by an abrupt dropping 
off in horizontal load, that is, flexing 
load. The vertical load, vertical com- 
pression, horizontal flexing load, and 
horizontal deflection may ail be meas- 
ured and controlled during test. Tem- 
perature measurements on specimens at 
various period of test may be obtained 
by means of a modified 113^)0 needle 
thermocouple. 

Note. — It is readily apparent that either con- 
stant load or constant deflection type tests can 
be made and that time for failure can be varied 
from 1 min. to several months by varying either 
the vertical load or horizontal deflection; how- 
ever, it is desirable to have a test period of 30 
to 60 min., such time being long enough to obtain 
good differentiation between specimens and 
short enough not to entail excessive cost. It is 
also desirable to operate the machine at constant 
vertical load and constant horizontal deflection, 
and to measure the resulting changes in vertical 
compression and horizontal flexing loads, as well 
as the time for incipient failure. 

Test Specimens 

16. (a) The test specimens when pre- 
pared in the laboratory shall be cylin- 
drical in shape and shall be 1.5 in. in 
diameter by 1.5 in. in height. Smaller 
:yiindrical specimens may be used when 
samples are cut from finished tire treads 
or motor mountings. 

( 6 ) Test specimens shall be prepared 
from uncured stock which shall be 
sheeted out on a 6 by 12 -in. laboratory 
mill to a thickness of 0.12 in. Strips 
2.0 in. in width shall be cut off and 
rolled into cylinders approximately 1.45 


in. in diameter with the grain of the 
rubber parallel to the axis of the cylmdeE 
Grain direction shall be maintained in 
the same direction to assure duplication 
of results. .Care shall be taken to in- 
sure that no dust, crayon markings, or 
other foreign material, which would 
prevent proper cohesion of layers, are on 
a sheet before it is rolled up» 

(c) The cylindrical specimens shall be 
cut to weight, aged 3 hr., then cured. 
The cured stocks shall be aged 24 hr. 
prior to testing. At least two specimens 
from each rubber stock shall be tested 
and the results averaged. It is desirable 
to mix, cure, and test simultaneously 
with each set of specimens a controi 
stock. For convenience, an eight-cavity 
mold may be used. 

Procedure 

17. (a) The test specimen shall be ac- 
curately centered between the upper and 
lower face plates of the properly aligned 
machine, by means of the jig furnished 
with the machine. The temperature of 
the plates® shall be 128 F. and the 
machine shall be at equilibrium tem- 
perature at the start of each test, 

(b) The vertical load shall be applied 
and the test specimen rotated at 875 
rpm. The vertical load shall be so 
chosen that it will produce in the speci- 
men a vertical deflection of 0.35 to 0.80 
in. It is desirable to have a vertical 
load that will duplicate service conditions 
as near as is possible keeping within this 
specified vertical deflection. A vertical 
load of 575 lb. for tread stocks and of 
400 lb. for carcass stocks is suitable. 
The same vertical load shall be used for 
all specimens when a comparison of their 
flexing performance is made. The hori- 


» The temperature of the face plates has a marked effect 
on the results, so that it is necessary, prior to any testing, 
to run a dummy specimen to bring ^hem to operating tem- 

E erature. Furthermore, the machine shall be run for 1 hr. 

efore any tests are made, so that the upper head contain- 
ing the rotating spindle and the lower carriage will come 
to equilibrium temperature. 
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zontal load shall then be applied until 
the horizontal deflection is such a value 
as to produce failure in 30 to 60 min. 
The deflection necessary to produce such 
failure shall be determined by prelimi- 
nary tests. A horizontal deflection^® of 
0.175 =h 0.001 in. for tread stocks is 
usually suitable. The same horizontal 
deflection shall be used for all specimens 
when a comparison of their flexing per- 
formance is made. This deflection shall 
be maintained constant throughout the 
test by means of the handwheel. Read- 
ings of vertical compression, horizontal 
deflection, and horizontal or flexing load 
shall be recorded at intervals of 2 min. 
until failure occurs, which shall be taken 
as the time at which an abrupt drop in 
horizontal load is observed. 

Results 

18. The time and flexing load required 
to cause breakdown of the test specimen 

This deflection will vary for different type stocks but 
shall be chosen so that a 30 to SO-min. breakdown of the 
stock shall be obtained when possible. 


shall be taken as the time in minutes and 
flexing load in pounds required to pro- 
duce incipient failure, as indicated by an 
abrupt drop in horizontal (flexing) load, 
the horizontal deflection remaining 
constant. 

Note — For special tests, the time and 
flexing load required to produce either definite 
vertical compression or dejfinite change in ver- 
tical compression may be recorded. The time 
and flexing load for blowout or complete rupture 
may also be recorded. 

Report 

19. The report of the results of tests 
by either Methods B or C shall include 
the following: 

(1) The value of all variables in the 
method such as speed of testing, vertical 
and horizontal loads, and air or oven 
temperatures. 

(2) All measured results such as 
changes in temperature of the test speci- 
men, changes ill static or dynamic com- 
pression, and time to end point, and all 
other pertinent observations. 


Tentative Method of Test for 


RESISTANCE OF VULCANIZED RUBBER OR SYNTHETIC 
ELASTOMERS TO CRACK GROWTH* 


A.S.T.M. Designation: D 813 - 44 T 

Issued, 1944.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed' to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. This method of test is intended for 
use in determining the resistance of com- 
pounds of vulcanized rubber or synthetic 
elastomers to crack growth when sub- 
jected to repeated bend flexing. It is par- 
ticularly applicable to tests of synthetic 
rubber compounds which resist the initia- 
tion of cracking due to flexing when tested 
by Method B of the Standard Methods of 
Dynamic Testing for Ply Separation and 
Cracking of Rubber Products (A.S.T.M. 
Designation: D430).® Cracking initi- 
ated in these materials by small cuts or 
tears in service may rapidly increase in 
size and progress to complete failure 
even though the material is extremely 
resistant to the original flexing-fatigue 
cracking. Because of this characteristic 
of synthetic compounds, particularly 
those of the GR-S type, this method in 
which the specimens are first artificially 
punctured in the flex area should be used 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Commi ttee D-U on Rubber and Rubber-tike M^enals. 

® Accepted by Committee E-10 on Standards, Decem- 
ber 13, 1944, t-, 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.TM. Designations at front of book. 


in evaluating the fatigue cracking prop- 
erties of this class of material. 

Be Mattia Flexing Machine 

2. The essential features of the ap- 
paratus, one design of which is shown in 
Fig. 1, are as follows: The machine has 
an adjustable stationary head or member 
provided with suitable grips for holding 
one end of each of the test specimens in a 
fixed position and a similar reciprocating 
member for holding the other end of each 
of the specimens. The reciprocating 
member is so mounted that its motion is 
straight in the direction of and in the 
same plane as the center line between the 
grips. The travel of the moving member 
shall be adjustable and shall be obtained 
by means of a connecting rod and ec- 
centric having a minimum length ratio of 
10 to 1. The eccentric . shall be driven 
by a motor operating at constant speed 
under load and giving 300 flexing cycles 
per minute. Provision shall be made for 
a maximum travel of the moving grips of 
4 in. The capacity of the machine shall 
be such that tests at the same time may 
be made' on at least six. and preferably 
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twelve specimens. The grips shall hold 
the specimens firmly throughout the test 
and those on the reciprocating member 
may clamp each specimen individually 
to facilitate proper adjustment of the 
specimens. 

Test Specimens 

3. The test specimens shall be special 
molded strips, conforming to the shape 
and dimensions given in Fig. 2. They 
shall have highly polished surfaces and 
shall be free from surface irregularities 


Preparation of Specimen 

5. Each . test specimen shall be pre- 
pared by puncturing the bottom of the 
groove at the 90 deg. point with a needle 
0.05 in. in diameter at a point equidistant 
from the sides. The needle shall be 
drawn completely through the specimen. 
The puncturing shall be done with the 
specimen lying flat, under no tension. 

Clamping Specimens in Machine 

6. One end of the specimen shall be 
clamped in the stationary grip and the 


Fig. 1. — De Mattia Tester with Time-Switch for Starting or Stopping, Arranged with 
Specimens for Flex-Cracking Test. 


and defects. The minimum thickness in 
the circular groove shall be measured to 
the nearest thousandth of an inch and 
recorded. Results shall be compared 
only between specimens haying thick- 
nesses agreeing within plus or minus 
0.0015 in. 

Number of Test Specimens 

4. At least three specimens of each 
sample shall be tested and the results 
averaged. It is desirable, when possible, 
to test simultaneously with each set of 
specimens a set of control specimens of 
which the crack growth resistance is 
known. 


other in the movable grip, care being 
taken to see that the long axis of the 
specimen is parallel to the direction of 
motion. The circular groove of the 
clamped specimens shall be located sym- 
metrically midway between the clamps. 
The specimens may be mounted on the 
machine most conveniently by holding 
them properly spaced in parallel positions 
in a special rack. The distance between 
the outer edges of the side bars of the rack 
shall be equal to the space between the 
jaws of the testing machine when posi- 
tioned for holding the specimens without 
tension. The specimens can be mounted 
on the testing machine by bringing the 
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jaws into contact with the mounting rack 
and tightenmg the clamps on the pror 
jecting ends of. the specimens. The 
clamps shall grip each end over a length 
of If in. with the side having the circular 
groove so placed that it will be the outer 
surface when the specimens are bent. 

Adjustment of Machine ■ 

7. The positions of the stationary and 
movable grips relative to each other and 
the length of the eccentric arm and con- 


I 

i. 


Fig. 2. — Test Specimen with Circular Groove. 

necting rod shall be adjusted so that dur- 
ing each stroke of the machine the grips 
approach each other to a distance of f in. 
and separate to a distance of 3 in. 

Procedure 

8. After adjustments of the apparatus 
and specimens have been completed, the 
machine shall be started and the time re- 
corded. At the end of any period of 
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operation, the number of ■ flexing cycles 
may be calculated by multiplying, the 
observed time in minutes by the machine 
rate of 300 C 3 mles per minute. This 
should also be checked by means of a 
counter on the machine. Since the rate 
of crack growth is important, frequent 
readings should be taken early in the 
test. The machine shall be stopped at 
the 1000, 3000, and 5000 cycle periods, 
the specimens observed and the length 
of the developed crack measured to the 
nearest 0.01 in. with an accurate scale. 
The test shall then be continued with 
readings at regular intervals until a 
crack at least 0.50 in. in length is deve- 
loped. When testing aged specimens or 
in special tests at elevated temperature, 
it may be necessar}^ to continue the test 
until the crack is 1.0 in. in length in order 
to obtain an accurate eA?'aluation. 

Report 

9. The crack growth at the conclusion 
of the test may be reported in one of two 
ways, as follows: 

(1) As the individual rate of crack 
growth in inches per kilocycle determined 
between the intermittent readings taken 
during the test, or 

(2) As an average rate of crack growth 
in inches per kilocycle for the entire 
period. 


Tentative Methods of Test for 
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Tliese Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. These methods are intended for use 
in estimating the comparative ability of 
rubber and rubber-like compositions to 
withstand the effect of liquids. Owing 
to the wide variations often present in 
service conditions, no direct correlation 
between these accelerated tests and 
service performance may be given or 
implied. However, the methods yield 
comparative data on which to base judg- 
ment as to service quality and are es- 
pecially useful in research and develop- 
ment work. They are designed for 
testing any vulcanized rubber or rubber- 
like composition in the form of standard 
laboratory test sheets and should not be 
used for samples cut from a finished 
article of commerce. It is assumed that 
the tests will be used principally for 
intercomparisons between compounds 
rather than for an estimation of service 
performance of manufactured products. 


1 Under the standardization procedure of the Society 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-U on Rubber and Rubber-Dike Materials. 

2 Latest revision accepted by the Administrative Com- 
mittee on Standards, January 10, 1946. 


Types of Test * 

2. (a) This test consists in exposing 
test specimens to the influence of liquids 
under definite conditions of tempera- 
ture and time for the purpose of measur- 
ing the resulting deterioration. The 
type of test varies depending upon the 
conditions of test and the nature of the 
liquid used. In any case, the deteriora- 
tion is measured by the change in 
physical properties before and after im- 
mersion in the liquid. The physical 
properties used are changes in weight, 
volume, tensile strength, and ultimate 
elongation, as well as visual and manual 
inspection. 

(&) In addition to the general pro- 
cedure for determining these changes, 
which are given in method A, there is 
included in method B an alternative 
procedure for determining increase in 
volume by linear measurement which, 
though slightly less precise than the 
corresponding procedure in method A, 
is especially suitable for rapid compara- 
tive tests of swelling when a large number 
of solvents or rubber compounds are 
involved. 
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Test Conditions 

3, ia) Temper ature.--- A suitdh^ test 
temperature shall be chosen depending 
upon the conditions ' of the expected 
service. It shall be equal to or higher 
than the anticipated service tempera- 
ture. In comparative tests, identical 
temperatures shall be employed. Use of 
one. of the following temperatures is 
recommended: 25 ± 5 C., 70 ± 1 C., 
100 dr.T 'C. 

(5) Periods of Immersion . — Choice of 
the period of immersion to be used in 
any given test depends upon the nature 
of the composition, the temperature of 
test, and the liquid employed Periods 
of 24 hr., 48 hr., 7 days, and 30 days 
are suggested as suitable, but it is recom- 
mended that determinations be made 
and recorded after several periods of 
immersion in order to obtain information 
concerning the rate of deterioration. 

{c) All immersion tests shall be made 
in the absence of light. 

{d) Each specimen shall be placed in 
a separate container during the im- 
mersion test. 

Standard Test Liquids 

4. For purpose of tests it is usually 
desirable to use the liquid with which the 
material to be tested will come into con- 
tact in service. For comparative tests 
with liquids of unknown or doubtful 
composition, samples of liquid from the 
same drum or shipment shall be used. 
Many commercial liquids, particularly 
petroleum products, are subject to suf- 
ficient variation that it is not practical 
to use them for test media. It is then 
advisable to substitute standard test 
media covering the range of properties 
that may be encountered in the particu- 
lar liquid. The following test liquids 
shall be considered as standard: 

{a) Petroleum-Base Oi/5.— When pe- 
troleum-base lubricating oils are used 
as test liquids, the test shall be conducted 


in the medium, prescribed in Table I 
which has its aniline point nearest, that, 
of' the oil with which the rubber or 
synthetic rubber is expected to come in 
contact in service, except as indicated 
in Paragraph (c). The aniline point ,, of ^ 
a petroleum oil appears to characterize 
the swelling action of that oil on synthe- 
tic rubber. In general, as the aniline 
point becomes lower, the swelling action ■ 


TABLE I.-PETROLEUM-BASE OILS.® 



Petroleum-Base Oil ' 

TJ 

O 


No. t 
Low 
,Swell- 
ing, 
Aniline 
Point 
124 C. 

No. 2 
Medium 
Swelling, 
Aniline 
Point 

93 C. 

No, 3 
, High 
Swelling, 
Aniline 
Point 

70 C. 

■5 

s . 

y 

CO 

< 

Saybolt Uni- 
versal vis- 





cosity, sec. . . 

98 ±5^ 

1100 ± 5^ 

155 =fc 5« 

D 88 

Aniline point. . . 

123.9 ± 

I ^ 1C. 

1 (255 =b 
1.8 F.) 

93 rb 3 C. 
(199.4 ± 
5.4 F.) 

69.5 ±1C. 
(157.1 ± : 
1.8 F.) : 

D 611 

Flash point 

470 F. 

: min. 

475 iiOF. 

330± 5 F. 

D 92 


® These designations refer to the following methods of 
the American Society for Testing Materials: 

Standard Metiiod of Test for Viscosity by Means of the 
Say bolt Viscosimeter (A.S.T.M. Designation: D 88), « 
Tentative Method of Test for Aniline Point and Mixed 
Aniline Point of Petroleum Products (A.S.T.M. 
Designation: D 611),'* and 

Standard Method of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Designation: D92).® 
‘’Measured at 2i0 F. 

^ Measured at 100 F. 


of the oil becomes more severe. The 
oils prescribed in Table I cover a range 
of aniline points commonly found in 
lubricating oils. 

{b) Reference Fuels . is recom- 
mended that when gasolines are used as 
test liquids, the tests shall be conducted 
in one of the Reference Fuels prescribed 
in Table II, except as indicated in 


» The following suppliers state that their products meet 
the requirements for these petroleum-base oils when 
ordered as A.S.T.M. oils as follows; (oils No. 1 and No. 3 
are available only in 5- and S5-gal, quantities) : 

A.S.T.M. Oil No. 1 may be ordered as such from 
Stance Distributors, Inc,, Chemical Products Dept., 
Attention Mr. A. B. Boehm, 26 Broadway, New York 
4, N. Y. . 

A.S.T.M. Oil No. 2 may be ordered as Sun XX Heavy 
Cable from Sun (li Co., Philadelphia, Pa. 

A. S.T.M. Oil No. 3 may be ordered as such from Sun 
Oil Co., Attention Mr. J. B. Hill, Marcus Hook, Pa. 

< 1946 Book of A.S.T.M. Standards, Part in-A. 
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Paragraph (c). These test fuels have 
been selected to include the maximum 
and minimum swelling effects which will 
be produced by commercial gasolines. 
Reference Fuel No. 1 has a mild action 
qn rubber or synthetic rubber and pro- 
duces results of the same order as low- 

, TABLE IL-REFERENCE FUELS.s 

Reference Fuel No. 1: 

Biisobutylene® containing 0.2 lb. of aviation 
gasoline inhibitor® per 1000 gal of diisobutylene.-^ 

Reference Fuel No. 2: 


Biisobutylene® 60 per cent by volume 

Benzene^ ...... 5 per cent by volume 

Toluene® 20 per cent by volume 

Xylene^^ ............. 15 per cent by volume 

Inhibitor ... . . . 0.2 lb. of aviation gas- 

oline inMbitor® per 
1000 gal. of fuel.r 


® Diisobutyiene conforming to the following require- 
ments: 


Test 

Limits 

Methods® 

Gravity at 60 F.. . . 

Acidity. | 

Color 

0.718 to 0.723 
Neutral to phen- 
olphthalein 
-1-25 Saybolt, min. 
0.06 per cent by 
weight 

5 mg. per 100 ml. 
Initial 100 C.min. 
Dry point 105 C. 
max. 

A.S.T.M. D 268 

A.S.T.M. D 156 
A.S.T.M. D 90 

Federal 330.1 
A.S.T.M. D 268 

Sulfur 

Gum • 

Distillation | 


^ Benzene conforming to U. S. Army Specifications 
4-1016B, Grade A. 

® Toluene conforming to Army-Navy Aeronautical 
Specifications for Toluene (AN-R-T-541). 

® Xylene conforming to Army-Navy Aeronautical 
Specifications for Xylene (AN-R-X-876-2). 

®The aviation gasoline inhibitor shall consist of 50 
percent of «-Butyl-;^-aminophenol,30percent of isopropyl 
alcohol, and 20 per cent of anhydrous methanol. 

r These concentrations in the fuels are expressed in 
terms of the active ingredient (w-Butyl-^-amino phenol) 
in the inhibitor solution. 

^ These designations refer to the following methods of 
test: 

Standard Methods of Sampling and Testing Lacquer 
Solvents and Diluents (A.S.T.M, Designation; D 268),« 
Standard Method of Test for Color of Refined 
Petroleum Oil by Means of Saybolt Chromometer (A.S. 
T.M. Designation: D 156),'* 

Tentative Method of Test for Sulfur in Petroleum Oils 
by Lamp Method (A.S.T.M. Designation; D 90),4 and 
Method of Test for Gum Content of Gasoline (Copper 
Dish ^Method, 330.11) in the Federal Specification for 
Lubricants and Liquid-Fuels; General Specifications 
(Methods for Sampling and Testing) {Vy-L-791c). 

swelling gasolines of the highly paraffinic, 
straight-run type. Reference Fuel No. 
2 has a severe swelling action on rubber 
or synthetic rubber and exceeds the 
swelling action of gasolines now in 
service. 


® Stance Distributors, Inc., 26 Broadway, New York, 
N. Y., state that reference fuel SR-10 supplied by them 
conforms to the above requirements for reference fuel No. 1 
and SR-6 to the requirements for reference fuel No. 2. 
*1946 Book of A.S.T.M. Standards, Part IL 


(c) Service Fkdd.— Some , commercial , 
products are compounded from special 
petroleum hydrocarbon fractions or mix- 
tures of petroleum hydrocarbon fractions 
and other ingredients, resulting in mate-,, 
rials having properties beyond the range 
of the present standards. Immersion 
tests for rubber or synthetic rubber which 
is to come into contact with such liquids 
should include immersion in the actual 
service fluid. 

Preparation of Sample 

5. Except as may be otherwise speci- 
fied, the requirements of the Standard 
Methods of Sample Preparation for Phy- 
sical Testing of Rubber Products (A.S. 
T.M. Designation: D 15) of the Ameri- 
can Society of Testing Materials^ shall 
be complied with and are made a part 
of these methods. 

Method A. General Procedures 

Apparatus 

6. The apparatus shall consist of the 
following: 

{a) For Volatile Liquids.— -A glass 
test tube having an outside diameter of 
38 mm. and an over-all length of 300 
mm., fitted tightly with a cork stopper 
and a reflux condenser. A suitable 
bumper such as glass beads shall be 
used in the liquid in the test tube. 

(b) For Nonvolatile Liquids . — A glass 
test tube having an outside diameter of 
38 mm. and an over-all length of 200 
mm., fitted loosely with a cork stopper. 
A glass test tube having an outside 
diameter of 38 mm. and an over-all 
length of 300 mm. may be used. 

Test Specimens 

7. {a) The test specimens shali be 
cut longitudinally from vulcanized sheets 
prepared as described in Sections 4 to 6 
of A.S,T.M. Methods D 15. ; 

Q>) For the determination of changes 
in weight or volume, and for visual or 


7 Appears ia this oubHcation, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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manual inspection, rectangular test 
specimens having dimensions of 1 by 2 
by 0.075 d= 0.005 in. shall be used. 

(c) For immersion in connection with 
the determination of changes in tensile 
strength and ultimate elongation (Sec- 
tion 10 ) , the test specimens shall conform 
in shape to die C in Fig. 3 of the Stand- 
ard Methods of Tension Testing of 
Vulcanized Rubber (A.S.T.M. Designa- 
tion: D 412) of the American Society for 
Testing Materials,'^ and shall have a 
thickness of 0.075 zb 0.005 in. 

(d) At least three test specimens 
shall be used for each determination 
and the results averaged. 

Increase in Weight 

8 . The test specimen shall be weighed 
in air to the nearest 1 mg. (IFi) and 
placed in a test tube as described in Sec- 
tion 6 (a) or (b)f depending on the type of 
liquid to be used in the test. To this 
test tube shall be added 100 ml. of test 
liquid. If a nonvolatile liquid is used, 
the test tube may then be placed in a 
thermostatically controlled air oven for 
the required length of time. However, 
if a volatile liquid is used, the test tube 
shall be fitted with a reflux condenser 
as described in Section 6 (a) and placed 
in a liquid bath thermostatically con- 
trolled at the desired temperature of 
test. In either case a control test tube 
containing the test liquid or any other 
suitable medium and a precision ther- 
mometer shall be used along with the 
test tubes containing the test specimens. 
After the immersion test has proceeded 
the required length of time, the test 
specimen shall be removed, dipped 
quickly into SDA-2B alcohol, blotted 
lightly with filter paper, placed im- 
mediately in a tared, stoppered weighing 
bottle, and the weight after test deter- 
mined (IF 2 ) . After weighing, the test 
specimen shall be again immersed in the 
test liquid if data is desired on the pro- 


gressive changes which occur, with 
increasing time of immersion. It is 
important that each manipulation take 
place promptly with the least possible 
lapse of time. No more than 30 sec. 
shall be allowed for each step except the 
actual weighing in the tared, stoppered 
weighing bottle. 

Increase in Volume 

9. (a) Water Displacement Method Jof 
Water Insoluble Liquids and. Mixed 
Liquids .’ — ^The initial water displace- 
ment of the specimen shall be deter- 
mined by weighing it in air to the nearest 
milligram (TFi) and in distilled water 
at room temperature (IF 2 ), the dif- 
ference being the weight of the water 
displaced by the specimen. The speci- 
men shall then be dipped quickly into 
SDA-2B alcohol, blotted dry with filter 
paper, and placed in the immersion 
apparatus as described in Section 6 (a) 
or ( 6 ). Then 100 ml. of liquid shall be 
added to the test tube and the immersion 
test carried out as described in Section 8 . 
At the end of the required length of im- 
mersion time, the specimen shall be re- 
moved from the test tube and dipped 
quickly into SDA-2B alcohol at room 
temperature, blotted lightly with filter 
paper, placed in a tared weighing bottle, 
and weighed (TVs). It shall then be 
removed from the bottle and weighed in 
distilled water ( 1 ^ 4 ) in immediate con- 
secutive procedure to determine the 
water displacement after test. If the 
immersion has been at an elevated tem- 
perature, the test specimen should be 
cooled to room temperature at the end 
of the immersion period by transferring 
it to a cool, clean portion of the test 
liquid prior to being dipped in alcohol. 
It is important that all air bubbles cling- 
ing to the test specimens be removed 
during the weighing in distilled water. 
When data is desired on the progressive 
changes occurring with increasing time 
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of Immersions' the test specimen shall be 
iinmediately removed from the. water 
after making this determination, dipped 
quickly into SDA-2B alcohol at room 
temperature, blotted lightly with filter 
paper to remove the water and alcohol, 
and replaced in the test liquid with the 
least possible lapse of time. 

(b) Specific Gravity Method for Water 
Soluble Liquids of Known Composition. 
"-“This method is not satisfactory for 
mixed liquids because the specific gravity 
of the absorbed liquid may differ from 
that of the bulk. The same procedure 
shall be used as for the water displace- 
ment method described in Paragraph (c), 
except that after blotting the test 
specimen with filter paper and weighing, 
it is not removed from the bottle nor 
weighed in water. 

Changes in Tensile Strength and 

Elongation 

10. {a) The tension tests as required 
in the following Paragraphs (6) to {d) 
shall be made in accordance with 
A.S.T.M, Methods D 412. 

{h) Original Properties. — The original 
tensile strength and ultimate elongation 
shall be determined, using duplicate 
specimens to those which are immersed 
in liquid. 

((:) Immediate Deteriorated Proper- 
ties. — For determining the tensile 
strength and ultimate elongation im- 
mediately after removal from the liquid, 
the dumbbell-shaped specimens pre- 
scribed in Section 7 {c) shall be gaged and 
placed in test tubes as described in Sec- 
tion 6 {a) or (i) and ISO ml. of liquid 
added to each. If a nonvolatile liquid is 
used, the test tubes may then be placed in 
a thermostatically controlled air oven for 
the required length of time. However, 
if a volatile liquid is used, each test tube 
shall be fitted with a reflux condenser 
as described in Section 6 {a) and placed 
in a liquid bath thermostatically con- 
trolled at the desired temperature of 


test ■ In either, case a control test tube 
containing the test liquid: or any other 
suitable medium and a precision , ther- 
mometer shall be used along with the 
test tubes containing the test , specimens. 
At the end of the required length of im- 
mersion time ' the specimens' shall be 
removed from the test tubes and cooled 
immediately in a fresh sample of the 
same liquid at room temperature for not 
less than 30 min. nor more than 60 min. 
(This step is unnecessary if the immer- 
sion test is made at room temperature.) 
The test specimens shall then be dipped 
quickly in acetone, blotted lightly with 
filter paper, mounted in the testing ma- 
chine, and tested immediately. The 
time interval between removal from the 
cold liquid and testing sliaU be not less 
than 2 nor more than 3 min. 

(d) Recovered Properties. — For deter- 
mining the tensile strength and ultimate 
elongation after recovery, the dumbbell- 
shaped specimens prescribed in Section 
7 (c) shall be placed in test tubes as 
described in Section 6 (a) or (6) and 150 
ml. of liquid added to each. The im- 
mersion shall be carried out as described 
in Section 8. At the. end of the re- 
quired length of immersion time, the 
specimens shall be removed from the test 
tube, suspended in air, protected from 
light and draft, and held at room temper- 
ature for 4 d= I hr., after which they 
shall be gaged and tested immediately. 

Calculations 

11. {a) The increase' in weight (Sec- 
tion 8) shall be calculated as follows: 

Percentage increase in weight = - ' X 100 

rK 1 

where: 

TFi == initial weight, and 
W% = .weight .after test. , ,, ,,., A 
(J) The increase in volume shall be 
calculated as follows: 

Water Displacement Method {Section 
9 (a)): 
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Percentage increase in volume = Apparatus 


m-Wi) 


X 100 


where: 

TFi = initial weight in air, 

Wi = initial weight in water, 

Ws = weight in air after the im- 
mersion test, and 

Wt = weight in water after the im- 
mersion test. 


Specific Gravity Method (Section 9 (b)): 

X X F 

Pefcentage increase in volume = — 
where: 

X = percentage increase in weight, 
Y == specific gravity of sample, and 
Z = specific gravity of liquid. 


(c) The tensile strength of the speci- 
mens directly after removal from the 
test liquid (Section 10 (c)) shall be calcu- 
lated as follows: 



where: 

Ti = tensile strength of composition 
in pounds per square inch, 
based on swollen area, 

T 2 = tensile strength of swollen 
composition in pounds per 
square inch, based on original 
unswollen cross-sectional area, 
and 

F = percentage increase in volume 
(Section 11 (5)). 

(d) The deterioration in tensile 
strength and ultimate elongation (Sec- 
tion 10) shown by the difference between 
the determinations before and after 
immersion shall be expressed as a per- 
centage of the original property. 

Method B. Linear Measurement Method 
for Increase in Volume^ 

SB. S. Garvey; Jr„ An Immersion Test for Rubber 
Compounds/' ASTM Bulletin, No. 109, March, 1941, p. 19. 


12. The 'apparatus shall. , consist ' of ■ 

the following: 

(a) Immersion Tubes .- — Immersion 
tubes made from glass tubing having an 
outside diameter of 10 mm, and sealed 
at one end' to an over-all length of ap- 
proximately' 250, mm. A glass rod 7,5: 
mm. in diameter and approximately 
2 cm. in length, with square cut' ends, 
shall be placed in the bottom of each 
tube. Small corks or rubber stoppers 
shall be provided for use in closing the 
tubes during the test when the vapor 
pressure of the liquid is not high. If 
the tubes are to be heated, a small 
breather hole shall be made in the 
stoppers so that they will not be blown 
out by the expanding air. Under con- 
ditions where the vapor pressure will 
be high, no stoppers shall be used but 
the tubes shaU be cooled and sealed by 
means of a blast lamp after being filled. 
Identifying numbers may be placed on 
the corks or on tags wired to the tubes. 

(b) Racks for Immersion Tubes . — 
Suitable racks for holding the tubes 
either vertically or at an angle to the 
horizontal just large enough to keep the 
liquid from flowing out if the cork comes 
out during the immersion period. In 
this way a large number of tubes may 
be placed in a small constant tempera- 
ture oven or thermostat bath. 

{c) Reading Table.— K reading table 
similar to that shown in Fig. 1. It may 
be constructed of any suitable material 
and shall have a glass top about 1 ft. 
square set at an angle of approximately 
IS deg, to the horizontal. Standard 
millimeter graph paper, marked in ink 
at convenient lines to facilitate reading 
the increase in length of the test speci- 
men, shall be fastened over the glass by 
means of thumb tacks or tape. A mirror 
shall be placed under the glass at an 
angle of about 45 deg. to the horizontal 
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and an ordinary electric light assembly by 1.6 mm. in width by 1 ,9 mm. in 
fastened at the side as shown in Fig.T, thickness, which shall be accurately cut 
in order to reflect the light upward from vulcanized sheets prepared as 
through the paper. This arrangement described in Sections 4 to 6 of A.S.T.M. 


Fig. 1.— Reading Table. 

prevents heating and consequent shrink- Methods D 15. One longitudinal and 
age of the paper. one transverse strip cut from each sheet 

. at right angles to each other shall be 

lest bpecimens ^ the results averaged so as 

13. The standard test specimen shall to correct for possible grain effect, 
be a rectangular strip 100 mm, in length If specimens having thicknesses other 
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than .standard or .specimens cut in one 
.direction only are tested/ notation shali 
be made of such deviation from the 
standard and comparisons shall be made 
only between results from similar speci- 
mens... '. 


the tube either corked or sealed depend- 
ing on- the type of. liquid, used. The tube 
shall be placed in the ' .rack and kept at 
the specified temperature for the required 
length of time In a thermostatically con- 
trolled oven or bath, after which it shall 


III.—RELATIOXSHIP OF TO AF 

Notf -AT IS the corrected diSerence in length of the test specimen and A F is the 
expressed as a percentage of the original volume of the specimen ^ 


corresponding change In - volume 


at, 

mm. 

AF, 

per cent 

0.5 

..... 1.5 

1.0 ..... 

3.0 

i.S.. 

..... 4.5 

2.0...... 

6.1 

2.5 

7.6 

3.0, 

9.2 

3.5...... 

10.8 

4.0 

12.5 

4.5...... 

.....14.1 

5.0 

15.8 

5,5 

17.4 

6.0 

19.1 

6.5 

20.8 

7.0 

22,5 

7.5 

.....24.2 

8.0 

26.0 

8.5 

27.7 

9.0 

29.5 

9.5 

.....31.3 

10.0 

33.1 

10. S 

34.9 

11.0 

36.8 

11.5 

38.6 

12.0 

40.5 

12.5 

42.4 

13.0 

44,3 

13.5 

46.1 

14.0 

48.2 

14.5 

50.0 

15.0. 

52.1 

15.5 

54.1 

16.0 

56.1 

16.5...... 

58.1 

17.0 

60.2 

17.5 

62.2 

18.0 

64.3 

18.5 

66.4 

19.0 


19.5 

70.6 

20.0 

72.8 


AT, 

mm. 

AF, 

per cent 

20.5, .... 

75.0 

21.0 


21.5 

......79.4 

22.0 

81.6 

22.5 

83.8 

23.0 

......86.1 

23.5 

88.4 

24.0 

......90.7 

24. S 

93.0 

25,0 

95.3 

25.5 

97.5 

26.0 

100 

26.5 

102.4 

27.0 

.....104.8 

27.5 

107.2 

28.0 

109.7 

28.5 

112.2 

29.0 

114.7 

29.5 

117.2 

30.0 

119.7 

30.5 

123.2 

31.0 

124.8 

31.5 

127.0 

32.0 

130.0 

32.5 

132.6 

33.0 . . 

l.ts 3 

33.5 

137.9 

34.0 

140.0 

34.5 

143.3 

35.0 

146.0 

1 A Q 7 

36.0 

151.5 

36.5 

154.3 

37.0..... 

157.1 

37.5 

1.59.9 

38.0 

162.8 

38.5 

165.7 

39.0 

168,6 

39.5 


40.0 

174.4 


AT, 

mm. 

AF, 

per cent 

40.5.... 

.....177.3 

41.0 

180.3 

41.5 

183.3 

42.0 

.....186.3 

42.5 

189.3 

43.0 

192.4 

43,5..... 

195.5 

44.0..... 

.....198.6 

44.5 

201.7 

45.0 

.... .204.9 

45.5.... 

208 0 

46.0. .. .. 

211.2 

46.5 

214.4 * 

47.0 

217.7 

47.5 

220-9 

48.0 


48.5 

. . 

227.3 

49.0 

230.8 

49.5 

234 1 

50.0. . . .. 

237 5 

50.5 

240.9 

51.0 

244.3 

51.5..... 

247.8 

52 

251.2 

52.5 

254.7 

53 

258.2 

53.5 

261.7 

54 

265.2 

54.5 

268.8 

55 

272.4 

55.5 

. ... ,276.0 

56 

279.6 

56.5 

. ... .283.3 

57 

287.0 

57.5 

. .. . 290.7 

58 

.....294.4 

58.5 

... 298.2 

59 

302.0 

59.5 

305.8 

60 

.... ,309.6 


AT, AF, 

tnm. percent 


60.5 313.5 

61. 317.3 

61.5 321.2 

62 ..........325.2 

62.5 ....329.1 

63 ......... .333.1 

63.5 337.1 

64 .341.1 

64.5.: .....343.1 

64 349.2 

65.5 353.3 

66 357.4 

66.5 361.6 

67 .....365.7 

67.5 369.9 

68 374.2 

68.5.. 378.5 

69 3S2.7 

69.5 387.0 

70 391.3 

70.5 .395.6 

71 400.0 

71.5 .404.4 

72 408.8 

72.5 413.3 

73 417.8 

73.5 422.3 

74 426.8 

74.5 431.3 

75 435.9 

75.5 440.1 

76 445.2 

76.5 449.8 

77 454.5 

77.5 461.2 

78 464.0 

78.5 468.8 

79 473.5 

79.5 478.3 

80 ..483.2 


AL, AF, . 

mm, per cent 


80.5...' ,.488.1 

81 .....493.0 

81.5 ...498.0 

82 ......502.9 

82.5. .507.9 

83 512.8 

83.5 517.9 

84 523.0 

84.5 52S.1 

85 ..533.2 

85.5. 538.3 

86 543.5 

86.5 548.7 

87 553.9 

87.5 i 559.2 

88 564.5 

88.5 569.8 

89 575.1 

89.5 580.5 

90 585.9 

90.5 591.3 

91 ...596.8 

91.5 602.3 

92 607.8 

92.5 613.3 

93 618.9 

93.5 624,5 

94 630.1 

94.5 635.8 

95 641.5 

95.5 647.2 


96 653.0 

96.5 658.8 

97 664.5 

97.5 670.3 

98 676.2 

98.5 682.1 

99 688.1 

99.5 ....694,1 

100 700.0 


Procedure 

14. (a) Each test specimen shall be 
placed in an immersion tube with the 
lower end resting on the glass rod 
at the sealed end of the tube. The 
original length of the specimen shall then 
be checked using the reading table. 
Any deviation from the standard length 
of 100 mm, shall be noted for use in 
correcting the subsequent change in 
length after immersion. Then, 10 ml of 
the immersion liquid shall be added and 


be removed and allowed to cool to room 
temperature. The difference in length 
of the specimen from the original 100 
mm. shall then be read to the nearest 
0.5 mm. by means of the reading table 
shown in Fig. 1 and corrected for any 
deviation from the standard length that 
may have been noted, 

(5) In making the reading, parallax 
is eliminated when the line being read 
goes straight across the tube as seen 
through the liquid. Two black dots 
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will be,, observed in the wall of the tube 
and these should appear to coincide 
with the corresponding line under the 

.tube.'",''', . 

(£;) Using the corrected difference in 
length (AX) j the corresponding change 
in volume (A F) expressed as a percentage 
of the original volume shall be read 
from Table III. The values for both AX 
and AF shall be recorded. The average 
AF for the longitudinal and transverse 
specimens from a given sample shall be 
taken as the increase in volume. When 
information is desired on the rate of 
swelling, readings may be made without 
removing the specimen from the tube 
after successive periods at the specified 
temperature. In some cases, the test 
specimen curls slightly during immersion 
causing an error of as much as 0.5 mm. 
in AX. This may be prevented by 


placing in the tube a' piece of stiff wire 
bent zigzag in a plane so as to hold 
the specimen flat. 

Report 

15. The report shall include the 

following: 

(i) The results calculated in ac- 
cordance with Section 11, ' 

{ 2 ) All observed and recorded data, 
(J) The. exposure period, 

{ 4 ) The temperature of exposure, 
(5) The liquid used, 

{&) Statement of condition of ex- 
posed specimens from visual and 
manual examination, 

(7) The duration, temperature, and 
date of vulcanization of the test 
specimens, and 

(<?) The dates of the various periods 
of exposures. 


Tentative Method of Test for 


PERMEABILITY OF VULCANIZED RUBBER OR SYNTHETIC 
ELASTOMERS TO VOLATILE LIQUIDS* 



A.S.T.M. Designation: D 814-46 T 

Issued, 1944; Revised, 1946.® 


This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Pliiladelphia 3, Pa. 


Scope 

L This method of test is intended for 
use in evaluating the permeability of vul- 
canized rubber or synthetic elastomers 
with respect to volatile liquids diffusing 
into air. It is applicable only to the ma- 
terials in sheet form of moderate thick- 
ness and is principally useful for compar- 
ing the relative permeability of different 
materials to the same liquid or the diffu- 
sion of different liquids through the same 
material Comparisons should not be 
made between determinations in which 
both different rubbers and different liq- 
uids are used. 


Apparatus 

2. (a) The test apparatus shall consist 
essentially of glass permeability jars 
(Paragraph (J)) for each liquid on which 
the test specimens are mounted, and a 
suitable rack for supporting the jars in an 
inverted position in such a way as to 
allow free circulation of air over the 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Revision accepted by the Society at annual meeting, 
June, 1946. 


surface of the specimen. The apparatus 
shall be kept in a constant temperature 
cabinet or room at 25 ± 2.8 C 
(5) Permeability Jar , — The glass per- 
meability jar shall be of approximately 
|-pt. capacity with an opening of 2,375 
dz 0.015 in. in inside diameter and a wall 
I in. in thickness at the opening which 
shall be ground flat without rounded 
edges to a smooth ground-glass finish 
at the contact surface. The opening 
shall be equipped with a metal screw ring 
clamp holding a smooth-edged, flat, 
sheet-metal ring 2.188 db 0.015 in. in 
inside diameter and approximately 2M 
in. in outside diameter. The ring clamp 
and ring serve as a clamping device for 
holding the specimen against the ground- 
glass edge of the jar with a circular speci- 
men area 2 1 % in. in diameter exposed to 
the air while permitting the screw clamp 
to be tightened to form a leak-proof seal 
without subjecting the specimen to 
torsional strain. When testing ex- 
tensible materials, a circular disk of 16 
to 20-mesh screen shall be placed inside 
the screw ring clamp between it and the 
flat metal ring to prevent stretching of 
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the ' specimen during; the test. The 
screen disk may be soldered in place on 
top of the sheet metal ring if desired. 

Note.—A suitable permeability jar may be 
prepared from a 1/2-pt. Mason jar equipped 
with a Rerr type screw cap provided the edge 
of the jar is properly ground and finished with 
fine emery and the cap is cut with smooth 
flattened edges to form the required circular 
opening. 

Test Specimens 

3. (a) The test specimens shall con- 
sist of circular disks 2ii in. in diameter, 
cut with a sharp-edged die from a sheet 
of the material being tested. The thick- 
ness of the sheet which shall not exceed 
0.125 in. shall be measured using a dial 
micrometer graduated to 0.001 in. having 
a presser foot 0.25 db 0.01 in. in diameter 
exerting a total force of 3.0 rfc 0.1 oz, 

(&) For evaluating the permeability 
of a particular material with respect to 
a given fluid, three specimens having the 
same nominal thickness within a toler- 
ance of plus or minus 3 per cent shall be 
tested. The permeability of the mate- 
rial shall be taken as the average of the 
values obtained from the two specimens 
giving the lowest results providing these 
check within plus or minus 20 per cent of 
the average so determined. 

Procedure 

4. (a) With the permeability jar in an 
upright position, 200 ml. of the test 
liquid shall be placed in it after which the 
test specimen shall be fitted over the 
mouth of the jar, the ring and wire screen 
placed in position and the screw ring 
clamp screwed down lightly.. The as- 
sembly shall then be held in the constant 
, temperature cabinet or room at 25 =h 
2.8 C. with the test disk lightly in place 
until temperature equilibrium is ob- 
tained when the ring shall be screwed 
down tightly and the assembly allowed 
to stand in an upright position for 2 hr. 
A tare assembly shall be made using a 


duplicate jar and a test specimen of the 
same size but without the addition of the 
test liquid. Suitable weighting material 
such as lead shot shall be placed in the 
tare jar to bring its weight to approxi- 
mately that of the assembled jar and con- 
tents. The tare jar shall be conditioned 
at the test temperature, sealed, and 
handled throughout the test in a manner 
similar to that used for, the test jar. The 
test jar shall then be placed on a balance 
of suitable capacity capable of weighing 
to 0.005 g. and counterbalanced against 
the tare jar adding weights as required for 
equilibrium. The original weight of the 
test assembly shall'be taken as that of the 
tare corrected for the added weights and 
shall be recorded to the nearest 0.005 g. 

(b) After weighing, each test jar as- 
sembly shall be inverted and placed on 
the rack, supported in such a way that 
the entire inner surface of the specimen 
remains in contact with the liquid 
throughout the test. If the rack is 
located in a conditioning cabinet care 
shall be taken to remove diffused vapors 
from the chamber and to assure free cir- 
culation of fresh air by means of a fan or 
other suitable device. Twenty-four 
hours after inverting the jar, it shall be 
again weighed against the tare jar. Any 
excessive loss of weight indicates that 
leakage due to improper seal is occurring 
and such test assemblies shall be removed 
and replaced by new assemblies properly 
prepared. The test assembly shall be 
returned to the rack and reweighed 
against the tare after periods of 120 ± 
2 hr. and 192 =b 2 hr. from the initial 
inversion. The difference in weight be- 
tween those obtained at 120 hr. (5 days) 
and at 192 hr. (8 days) divided by 3 
shall be considered as the average weight 
of fluid lost per 24 hr. 

Note. — I n this test, the specimens are allowed 
to remain in contact with the fluid for 5 days 
before starting measurement of the loss in order 
to permit the rate of diffusion of the fluid to be- 
come uniform. 
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Calculation and Report 
5. (a) The permeabiMty 

of each specimen with respect to the test 
liquid employed shall be expressed as 
fluid ounces of liquid lost per 24 hr. per 
square foot of wetted area of the speci- 
men. It shall be calculated as follows: 

Permeability, fluid oz. per 24 hr. per sq. ft. =? 
1 099 X average wt. in grams of fluid lost per 24 hr. 
sp.gr. of fluid 


({) Repori,—~The report .shall include 

the following: 

(1) Identification, of . the test specimen. 

(2) The thickness . of the ■ test specimen 
to the nearest 0.001 in, 

(J) Identification of the test liquid. 

(4) The permeability of the test speci- 
men to the test liquid expressed 
in fluid ounces per 24.hr. per sq. ft., 
of wetted area. 


Tentative Method of Test for 

LOW-TEMPERATURE BRITTLENESS OF RUBBER AND 
RUBBER-LIEE MATERIALS* 



A.S,T.M. Designation: D 736 - 46 T 

Issued, 1943; Revised, 1946.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L This method of test is intended to 
determine the ability of compounds made 
from rubber or rubber-like materials to 
resist the effect of low temperatures in 
causing them to become brittle so as to 
fracture or crack when bent. Standard 
specimens are exposed to specified low 
temperatures for definite periods after 
which the specimens are bent in a pre- 
scribed manner and any fracture or 
cracking noted. The procedure is com- 
monly called the “ThiokoF’ method. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Cali Chamber . — ^The cold cham- 
ber in which the test specimens are ex- 
posed to the low temperature shall be 
of sufficient size to contain the flexing 
fixture when loaded with specimens, and 
so arranged as to permit the operation 
of the fixture to bend the specimens with- 


1 Under the standardization procedure of tlie Society, 
tMs method is under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Revision accepted by the Society at annual meeting, 
June, 194d. 


out removal from the chamber. It 
shall be capable of maintaining within it 
a uniform atmosphere of cold, dry air or 
a mixture of air and carbon dioxide at 
specified temperatures within a tolerance 
of plus or minus 2 F. Standard test 
temperatures shall be —40 F. and 
-70 F. 

{b) Flexing Fixture . — The flexing fix- 
ture shall consist of two parallel plates 
each having a width of at least 2 in. so 
supported in guides that they may be 
rapidly moved from a position 2| in. 
apart until they are separated by a dis- 
tance of 1 in. Suitable clamping bars 
or devices shall be provided for holding 
the ends of the specimens for a distance 
of i in. at the corresponding edge of 
each plate so that when mounted, the 
specimens form similar bent loops be- 
tween the plates. A satisfactory flexing 
fixture is shown in Fig. 1. 

Test Specimens 

3. (a) The test specimens shall con- 
form in shape to die C as specified in 
the Standard Methods of Tension Test- 
ing of Vulcanized Rubber (A.S.T.M. 
1026 
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Designation: D 412)3 and shaU have av 
thickness of 0.080 ± 0.010 in. 

(6) At least two specimens from each 
compound shall be tested. 

Procedure 

4. The test specimens shall be 
mounted in loop position between the : 
plates of the flexing fixture with' the 
enlarged ends spaced at least in. 
apart and held in the clamps for a 'dis- 


mination of the exposure period and 
while -still in, the cold chamber, the 
■plates of the- flexing ■ fixture '.shali,' be- 
moved as rapidly as possible from the 
2| in. distance of separatio,n to a .position 
where they are 1 . in, apart. The spec!-' 
mens shall then be examined for fracture 
or visible cracks. 

Results 

5. (a) When two specimens are tested 



Fig. 1.~— Flexing Fixture for Low-Temperature Brittleness Test. 


tance of | in. With the plates in the 
open position separated 2|- in., the fix- 
ture containing the specimens shall be 
placed in the cold chamber and exposed 
for the specified period to cold, dry air 
or a mixture of air and carbon dioxide 
at the specified temperature. Standard 
exposure periods shall be 5 hr. for com- 
pounds made from synthetic rubber or 
rubber-like materials and 96 hr„ for 
natural rubber compounds. ' At the ter- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


and neither one fractures nor shows 
cracks after being tested, the compound 
shall be considered as having passed 
the brittleness test. If both specimens 
crack, the compound shall be considered 
to have failed. 

(b) If only one specimen fractures or 
cracks, the result is inGonclusive and 
two additional specimens shall be tested. 
Ji either one of these cracks, the com- 
pound shaH then be considered to have 
failed. 
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Report, 

6. The report shall include the foUow- 

ing:;,:;'- 

(i) The results of the test expressed 
as “passed” or “failed,” 

{ 2 ) The temperature of the cold 
chamber, 


(J) The duration of the " exposure 
period, 

(4) Identification of : the ' material 
tested including description of any spe- 
cial treatment prior to test, and 

(5) Date of manufacture of the mate- 
rial, if known, and date of test. 


lentaHve Recommended Practice for 

CONDITIONING OF RUBBER AND PLASTIC MATERIALS 
FOR LOW-TEMPERATURE TESTING' 



A.S.T.M. Designation: D 832 - 46 T 

Issued, 1945; Revised, 1946.2 

This Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This recommended practice 
covers the general theory underlying all 
low-temperature testing of rubber and 
plastic materials (Note). It is designed 
to acquaint persons making mechanical 
tests at low temperatures with the 
characteristic behavior of natural rubber, 
synthetic rubber, rubber-like materials, 
and plastics, and to outline the condi- 
tioning procedure necessary for making 
these tests within the limits of present 
knowledge. 

(6) This recommended practice also 
covers the various types of low- tempera- 
ture cabinets or “cold boxes,’’ as they 
are commonly called, which are in 
general use for both conditioning and 
testing of rubber and plastic materials 
at sub-zero temperatures. In addition 
to a description of the various types of 
commercial equipment, details are given 
of a low-cost low- temperature cabinet 

1 Under the standardization procedure of the Society, 
this recommended practice is unaer the jurisdiction of the 
A.S.T.M. Committee D-11 on Rubber and Rubber-Like 
Materials. , 

2 Revision accepted by the Society at annual meeting, 
June, 1946, 


which can be made in the laboratory 
from inexpensive and readily available 
materials. 

Note. — This recommended practice is in- 
tended to apply particularly to the following 
methods of the American Society for Testing 
Materials: 

Tentative Method of Test for Low-Tempera- 
ture Brittleness of Rubber and Rubber-Like 
Materials (A.S.T.M. Designation: D 736),® 

Tentative Method of Test for Brittle Tem- 
perature of Plastics and Elastomers (A.S.T.M. 
Designation: D 746)® 

Tentative Method of Test for Stiffness in 
Flexure of Nonrigid Plastics (A.S.T.M. Desig- 
nation: D 747),® 

Standard Method of Test for Young’s Modu- 
lus in Flexure of Natural and Synthetic Elas- 
tomers at Normal and Subnormal Temperatures 
(A.S.T.M. Designation: D 797),® and 

Tentative Method of Test for Indentation of 
Rubber by Means of the Duronieter (A.S.T.M. 
Designation: D 676).®'^ 

General Considerations 

2. Regardless of the low-temperature 
test employed, one of the first stages 

® Appears in this publication, see Contents in Kumeric 
Sequence of A. S.T.M. Designations at front of book. 

® For additional information relating to this method of 
test, see F. L. Yerzley and D. F. Fraser, “Effects of Low 
Temperatures on Neoprene Vuicanizates,” Industrial and 
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in establishing a satisfactory, technique 
is the specification , of the time and 
temperature of exposure' of^ the test 
specimen. It has been demonstrated 


Simple Temperattire Effects ' 

3. Most of the '.elastic properties of 
rubber-like materials undergo change as 
the temperature ' is reduced. At ' 


.TABLE I.— DIFFERENTIATION BETWEEN CRYSTALLIZATION AND SECOND-ORDER TRANSITION. 


' Property ■ 

Crystallization 

Second-Order 'Transition 

Physical effects .(6, 7, % 11)® ' 

Becomes stiff (hard) but not necessarily 
brittle. 

Becomes stiff and brittle. 

Temperature - volume relation 
(L4,5,7) 

Significant change in volume. 

No change in volume, but definite change 
■ in coefficient of thermal expansion. 

Latent heat effect (1, 2, 3, 4, 
8, 10) , ■ : . ■ 

Heat evolved on crystallization. 

No heat effect, but definite change in 
specific heat. 

Rate (1, 2, 6, % 11) ■ 

Hours or days required. Dependent on 
temperature. In general, as tempera- 
ture is lowered rate of crystallization 
increases to maximum and then de- 
creases. Time is important. Rate also 
varies with composition and state of 
cure. 

Rapid; takes place within a definite nar- 
row temperature range regardless of 
thermal history of specimen. Time is 
not important unless plasticizers are 
present. ' ' 

Temperature of occurrence (1, 
2,3,4,9,10,11) 

Probably not below —50 C. Maximum 
rate probably not below —30 C. Opti- 
mum temperature is specific to base 
polymer. 

Very wide limits, depending on com- 
position. 

Effect on molecular structure 
(1) 

Orientation of molecules similar to crys- 
tallization of simpler substances. 

Change in type of motion of segments of 
molecule. 

Materials exhibiting properties 
(1,5,6,7,9,11) 

Unstretched polymers as follows; natural 
rubber (low-sulfur vulcanizates), Neo- 
prene (excepting type FR), Thiokols A 
and N, vinylidene chloride, polyethyl- 
ene, nylon plastics. The following 
materials do not crystallize: GR-I (ex- 
cepting when stretched), GR-A, GR-S. 

All rubber-like materials and plastics.. 


* The boldface numbers in parentheses refer to the following references: 

(1) Norman Bekkedahl, “Forms of Rubber as Indicated by Temperature-Volume Relationships,” Journal of Re- 
search, Nat. Bureau Standards, Vol. 13, No. 3, September, 1934, pp. 411-431. (Research Paper RP 717,) 

(2) Norman Bekkedahl and L. A. Wood, “Influence of the Temperature of Crystallization on the Melting of Crys- 
talline Rubber,” /owmaZ of Chemical Physics, Vol, 9, No. 2, February, 1941, p. 193. 

(3) Norman Bekkedahl and L. A. Wood, “Crystallization of Vulcanized Rubber,” Industrial and Engineering C/«m- 
Vol, 33, March, 1941, p. 381. 

(4) Norman Bekkedahl and Russell B. Scott, “Specific Heat of the Synthetic Rubber Hycar OR from IS® to 340® K.,” 
Journal of Research, Nat. Bureau Standards, Vol. 29, No. 1, July, 1942, pp. 87-95. {Research Paper RP1487.) 

(5) R. F. Boyer and R. S, Spencer, “Thermal Expansion and Second-Order Transition Effects in High Polymers. 

Parti. Experimental Results,” /owmaZ JPAysfCjr, Vol. 15, p. 398 (1944). 

(6) R. F. Clash and R. M. Berg, “Stiffness and Brittleness Properties of Nonrigid Vinyl Chloride-Acetate Resin 
Compounds,” Symposium on Plastics, p. 54, Philadelphia District Meeting, Am. Soc. Testing Mats. 0944). (Sympo- 
sium issued as separate publication.) ^ 

(7) R. F. Clash and L. M. Rynkiewicz, “Thermal Expansion Properties of Plastic Materials,” Industrial and Engi- 
neering Chemistry, Yol. p. 219 {1944), 

(8) D. B. Forman, “Effect of Elastomer Crystallization on Tests for Freeze Resistance,” Industrial and Engineer- 
im Chemisiry, Vol. 36, p.7$8 {1944), 

, 19) J" W. Liska and F. S. Conant, “Some Low Temperature Properties of Elastomers,” Journal of Applied Physics. 
Vol. IS, p. 767 (1944). 

(10) J. W. Liska, “Effect of Low Temperatures on Young’s Modulus of Elastomers,” Industrial and Engineering. 
Vol. 36, p. 40 (1944). 

_ (11) R^D; Rands, W. J, Ferguson, and J. L. Prather, “Specific Heat and Increases of Entropy and Enthalpy of the 
Synthetic Rubber GR-S from 0® to 330® K.,” Journal oj Research, Nat. Bureau Standards. Vol. 33. No. 1. July. 1944„ 
p, 613, {Rmearck Paper RPiSH.) * t- 


that the following distinct changes take 
place on lowering the temperature : 
Simple temperature effects, 
Second-order transitions (vitrifica- 
tion), 

Crystallization (first-order transi- 
tions), and 

Effects associated with plasticizers. 


temperatures above those at which 
transitions of the second order take 
place, these changes are usually mani- 
fested by increased ^^logginess’^ of the 
specimen, loss in resilience, increase in 
modulus, and increase in hardness. 
It should be noted that as the tempera- 
ture is decreased, resilience will decrease 
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to a minimum and then increase with 
further decline in temperature. This 

progressive increase in resilience with 
declining temperature continues until 
some temperature below the second-order 
transition is reached. ' Changes due to 
simple temperature effects are complete 
when the test specimens have reached 
thermal equilibrium. The magnitude 
of these changes depends, on the composi-, 
tion of the material and the test tempera- 
ture. 

Second-Order Transitions (Vitrifica- 
tion) 

4. Transitions of the second order, 
which are exhibited by all plastics and ail 
rubber-like materials, do not depend 
critically on time. They take place 
quickly within a definite temperature 
range of a few degrees. Considerable 
change in elastic properties usually 
precedes a second-order transition. 
Measurement of these effects should be 
limited to exposure times required for 
thermal equilibrium, otherwise crystalli- 
zation or plasticizer - time effects may 
influence the results. A convenient 
differentiation between crystallization 
and second-order transitions is provided 
by the summary given in Table I. 

Crystallization (First-Order Transitions) 

5. Changes in properties resulting 
from crystallization may take hours, 
days, weeks, or longer, depending on the 
material being tested and the particular 
temperature employed. Crystallization 
effects begin some time after thermal 
equilibrium has been established and are 
manifested by increase in hardness or 
modulus. Only a relatively small num- 
ber of materials, anch a's natural rubber, 
Thiokol A, Neoprene GR-M, Neoprene 
CG, Neoprene E, polyethylene,® and 
nylon, exhibit crystallization. ■ These 

8 Polyethylene may crystallize In a very short time— 
k seconds .or rainutes at. lOS to 112 C. 


materials conform to 'the present concept 
that only, linear polymers made irom a 
single monomer are crystallizable. The 
temperature at which natural rubber 
crystallizes most rapidly is about — 25 C. 
and for Neoprene GR-M it is reported to 
be about 0 C. Both above and below 
these , temperatures crystallization , pro-., 
ceeds at a slower rate. , Accordingly, 
any. attempt to co.mpare. m.aterials 
(particularly those subject to change in 
properties resulting from crystaEization 
or plasticizer - time effects) on a basis 
of exposure at a given temperature for a ■ 
specific time is almost certain to be 
misleading. Such a specific temperature: 
may be near the optimum rate, of crystal- 
lization of one of the materials and many 
degrees above or below the optimum of 
another. A convenient differentiation 
between crystallization and second-order 
transitions is provided by the summary 
given in Table I. 

Effects Associated With Hasticizers 

6. When the material being tested 
contains considerable amounts of certain 
plasticizers, time effects not necessarily 
associated with crystallization may be 
observed. These effects occur over a 
wide range of time, temperature, and 
composition. Some of these effects may 
be explained on the basis of limited 
low-temperature solubility of such plasti- 
cizers in the compound. If the original 
plasticizer concentration is less than the 
amount corresponding to saturation at 
the test temperature, no time effects 
will be observed. The effects consist of 
delayed stiffening and, in some instances, 
an elevation of the brittle temperature. 
In the case of elevation of the brittle 
temperature, plasticized compositions 
may become brittle after an extended 
' exposure to temperatures: slightly higher 
than their brittle Temperatures. . Th^^^ 
effect appears to be' Tmited to a veiy 
narrow temperature : range, which is in 
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contrast to the relatively wide range in 
which delayed stiffening may occur. 

: CoNEmoNiNG' Procedures for 
Mechanical Tests 

Tests for. Effects of Second-Order 
Transition (Vitrification) Only . 

specimen shall be held at 
each test temperature until it reaches 
a uniform temperature. For test speci- 
mens 0.25 in. or less in thickness, the 
recommended conditioning time in air 
is 20 min. and in liquid is 10 min. 
Thicker test specimens, as well as some 
compositions, will require longer condi- 
tioning times. When the equilibrium 
temperature has been reached, the re- 
quired measurements of modulus, hard- 
ness, or brittleness should be made 
immediately, while maintaining the 
specimen at the same temperature. 

Tests for Effects of Crystallization (First- 
Order Transition) Only 

8. These tests shall be conducted at the 
temperatures of maximum rate of 
crystallization (for example, — 25 C. 
for natural rubber and 0 C. for Neoprene 
GN, The temperature of the test 
specimen should be allowed to come to 
equilibrium as described in Section 7. 
When the equilibrium temperature has 
been reached, one set of the required 
modulus or hardness measurements 
should be made immediately. The test 
specimen should be aged for 72 hr. at the 
specified temperature, and a second 
set of measurements comparable to the 
first should then be made. Increased 
stiffness is an indication of crystallization 
or a plasticizer effect. 

Tests for the Effects Associated with 
Plasticizers 

9. The optimum temperature for 
determining the increased stiffness 
caused by the time effects of plasti- 
cizers has not been determined, but 


data are being accumulated with this . 
end in view. It is suggested that tests 
should be conducted at temperatures 5 C. 
higher than the brittle temperature. 
The procedure described in Section 8 
should be followed, except that in meas- 
urements for brittleness that may occur 
after an extended exposure to a given 
temperature, a slight modification of the 
procedure described in Section 8 is 
suggested. In this case the temperature 
should also be 5 C. higher than the 
observed brittle point (see Section 7). 
Tests for brittleness should be made after 
periods of 15 and 60 min. exposure in air 
followed by as many additional tests as 
desired through a 72-hr. exposure period. 
Long exposure in a liquid medium may 
give erroneous results. 

Lo”w-Temperature Cabinets^ 

General Requirements 

10. (a) The low- temperature cabinets 
may be of the mechanically refrigerated 
type, dry ice type, or the so-called 
‘‘packaged air’^ type, but shall conform 
to the following requirements: 

(1) The heat-transfer medium in the 
test chamber shall be air or a mixture 
of air and carbon dioxide. 

(2) The temperature variation 
throughout the effective test chamber 
shall be within ±2 F. of the specified 
testing temperature. 

(J) The heat-transfer medium shall 
be thoroughly circulated in the test 
chamber by means of mechanical 
agitation. A fan, suitably located in 
the test specimen chamber, can be 
used for this purpose. 

{4) Automatic temperature control 

6 Satisfactory low-temperatur® cabinets have been sup- 
plied by the following manufacturers: 

Bowser Co., Inc., Refrigeration Div,, Terryville, 

■ ;.Conn. 

American Instrument Co., 8010-8020 Georgia Ave., 

Silver Spring, Md. 

Precision scientific Co., 1750 W. Springfield Ave., 

Chicago 47, 111. 

Twney Engineering, Inc., 40 Farrand St., Montclair, 
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shall be, tised . A .bimetallic , thermo- 
regulator has been found to be satis- 
factory. 

(&) The size of the test chamber is 
optional. However, an 8-cu. ft. com- 
partment 24 by 24 by 24 in. is sufficient 
for all of the low- temperature tests 
listed in Section 1. For tests such as 
A.S.T.M. Method D 736, a 1-cu. ft. 
test chamber may be used. The equip- 
ment for A.S.T.M. Method D 747 is 
frequently installed in a “walk in” type 
of cold room when it is available. 

(c) The door can be located either in 
the top of the test cabinet or in the side. 
A side-opening door is convenient and is 
necessary where the equipment involved 
must be operated from the side. How- 
ever, it has the disadvantage of allow- 
ing the cold air to pour out when the 
door is opened. In general, a window in 
the door is desirable for observation 
and the reading of test equipment dials. 
This window should be, preferably, of 
the 5-ply Thermopane construction, or 
its equivalent, to prevent frosting. 

(d) For units that are in continuous 
use, a 6-in. wall of ground cork, fiber- 
glass, rock 'Wool, or other suitable 
insulation will be found desirable in 
reducing thermal losses and in conserva- 
tion of dry ice or refrigeration. For 
the operation of the equipment involved 
in A.S.T.M. Method D 676, handholes 
equipped wdth insulated sleeves are 
frequently installed in the wails of the 
test cabinet. 

Mechanically Refrigerated Units 

11. (a) In general, the mechanically 
refrigerated low- temperature cabinets 
consist of a multiple-stage compressor 
and suitable cooling coils which surround 
the test chamber. Suitable insulation 
is provided be tv’^een the test chamber and 
the outside walls of the cabinet. Auto- 
matic temperature control is obtained 
by either a thermostatic control located 


in the test chamber, which, turns the 
compressor on or off, or .by a suitable 
pressure control, which regulates., .the 
refrigerant temperature. Air is used 
as the heat-transfer medium' in .the test 
specimen compartment. 

(b) This type of equipment is well 
adapted to continuous operation at a 
fixed temperature. Except for rather 
high maintenance and initial costs, this 
type of equipment is less expensive to 
operate continuously from a power 
standpoint than the dry ice units. 
Temperatures as low as —90 F. can be 
obtained with commercial units. By 
the installation of electric strip heaters 
and suitable automatic controls, 
temperatures up to room temperature 
and above can be obtained. 

Dry Ice Units (Direct Type) 

12. (a) In the direct type of dry ice 
low-temperature cabinets, a suitable 
fan or blower, located in the dry ice 
compartment, circulates the carbon 
dioxide vapor from the dr}^ ice chamber 
into the test specimen chamber and 
back. By means of a preset damper 
between the dry ice compartment and 
the test chamber, the inlet and outlet 
openings can be adjusted for maximum 
efficiency. A bimetallic thermo- 
regulator, located in the test compart- 
ment, controls the '^on” and ^^off” 
operation of the fan in the dry ice com- 
partment, thus providing automatic 
temperature control. To insure uni- 
formity of temperature in the test com- 
partment, a fan is provided. 

(J) Commercial units are available in 
either 1- or 8-cu. ft. capacities and pro- 
vide a temperature range of from— 100 
to + 220 F. These units are particularly 
adapted for intermittent use wYhere a 
wide range of testing temperatures is 
desired. Only a short time is required 
to cool the test chamber to a low tem- 
perature. 
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DrjTce' IJmts (lodirect Type) ■ 

13. (a) In the indirect type of dry ice 
loW“temperature cabinets, air is used as 
the heat- transfer medium and no carbon 
dioxide from the dry ice comes in contact 
with the test specimens. The test cham- 
ber is cooled by circulating the carbon 
dioxide vapor completely around the 


(b) Commercial units are available in 
either a 1- or,, 8-eu. ft. test chamber 
capacity. These units operate over a 
temperature range of —90 to ,+,220 F. 
Two 'fans are provided, one for circulat- 
ing the carbon dioxide around the outside 
of the test chamber and the other for 
circulating the air heat transfer medium 



Fig. L — Schematic Diagram of Low-Temperature Test Cabinet: 

A— Angle iron frame of the desired dimensions, constructed from 1 34 or 2-in. angles with welding at all corners. 

Layer of 34'ia. hard structural board. 

C— Layer of K-in. thermal insulating board. 

D— 34 by 2'in. strips of thermal insulating board, glued in place. 

E— 34 by H-in. blocks of thermal insulation, glued in place at intervals of 10 or 12 in. to provide an air space. 

E— Layer of H-in. thermal insulating board. 

G— Layer of 34-in. hard structural board. 

H— Gummed paper in the corners and on the top edges (not shown in the sketch). No other bracing of the panels is 
needed because all but the last layers are held by interlocking at the corners, and the gummed paper serves very well 
to hold the inner panels and to finish corners. 

I— Wood support between lids. 

J and K — Lids of the same general construction, except that lid J is bolted together. 

L— Bolts consisting of wood dowel pins, threaded at both ends and spaced every 10 or 12 in. Washers and nuts are 
of steel. 

M— Partition arranged so that the top and bottom openings are adjustable. 

iV— Dry ice compartment with a basket of expanded metal to hold the dry ice. 

0— Test chamber. 

P— Thermostat element. This may be of the bi-metal type except where exposed to vibration which may cause the con- 
tacts to chatter. A relay is advisable with this type to protect the points. Thermocouple control is more expen- 
sive but is satisfactory under all conditions. 

Q— Fan for circulating heat-transfer medium over the dry ice. 

R— V-Belt drive, selected to run the fan q because of the ease of changing pulleys to change fan capacity to the correct 
amount, it is necessary to avoid over or under amounts of blowing to control the temperature without leakage at 
the lids. Leakage, of course, uses excess ice and permits the entry of moisture. For these reasons it is preferred to 
use intermittent operations of the fan g, rather than automatic control of openings in partition M. Automatic 
operation of Louvres in partition M would be satisfactory if made to close when the drive is shut off and open wide 
when the drive is running. Some control of partition M is necessary for relatively high temperatures in chamber 0. 
Otherwise, convection and conduction through the partition may keep test chamber 0 colder than desired, 

X— -Circulating fan which runs continuously to prevent high and low temperature strata in the test chamber. 

Alternate Construction . — Dry ice compartment N and test chamber 0 may be made in separate boxes if desired, connected 
by two flexible hose lines. Blower g is then placed in one of the hose lines. 


outside of the test chamber which, in 
turn, is insulated from the outside of 
the cold box. In general, this type is 
of a more costly construction than the 
direct type and is not quite as efficient. 
The time required to cool the test cham- 
ber to a low temperature is somewhat 
greater and is more comparable in this 
respect to the mechanically refrigerated 
units. 


inside the test chamber. An automatic 
switch on the door shuts down the latter 
fan when the door is opened, thus tending 
to prevent frosting. 

Packaged Air Units ■ 

14. (a) It is fre,quently desirable', to 
enclose a piece of test equipment in a 
separate test chamber and circulate tem- 
perature-regulated cold air or carbon 
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dioxide, from a separate unit®, by, means 
of insulated ducts or pipes. This type of 
unit is som.e what similar to the direct 
type of dry ice unit (Section 14) but 
contains an auxiliary blower to force 
the cold air through the pipes to the 
„separate test chamber. It has the ad- 
vantage of .being portable and can 
be, connected to .different pieces , of 
equipment. 

(&)..Tn some cases, the .temperature is 
controlled by a Modutrol motor-driven 
damper, or its equivalent, which by- 
passes the, cold chamber, or specimen 
, chamber ..rather than a control of the fan- 
motor itself. Motor or solenoid-driven 
dampers which operate in the dry ice- 
compartment for the control of tempera-- 
ture may cause trouble due to frosting of 
the media, nism. No iiietliod which is- 
entirely satisfactory Ims liecn devised to 
date to remove moisture from the heat 
transfer medium and completely elimi- 
nate frosting* Desiccaiiis such " as ' 
calcium chloride and calcium sulfate have 
been used. 

Laboratory -Built Units 

' , 15. .(«) In, F,ig. 1, is shown, a schematic 
diagram of the .essential .requirements 
for . an inexpensive, dry ice iow-tempera- 
.. ture cabinet of .the direct type,, which 
can be built in any laboratory from mate- 


rials which are readEy available.' The 
cabinet is made of hard structural board- 
and thermal insulating board, with a 
central dead air space for insulation. 
The unit is divided into two compart- 
ments by the adjustable dampers. The 
size of the inlet and outlet openings can; 
be adjusted for maximum efficiency by- 
. means of these dampers. The fan in the 
" test compartment insures positive cir- 
culation and resultant uniformity of ■ 
' temperature in this chamber. Auto- 
■ matic temperature control to —90 F. 
.is obtained by means of a bimetaUic 
thermoregulator which turns the fan in 
the dry ice- chamber on- and off. By the 
use of electric strip .heaters .in 'place of , 
dry ice, the unit, .will function equally 
well at elevated temperatures. 

(b) This unit can be built to any con- 
venient size and can be provided with 
either top or - side opening door, .with,,or 
'.without a window. , The wall thickness,- 
-while not great, is sufficient for good tern-' 
perature regulation, ' and ' dry ice con-, 
sumption is not excessive. -Where 
continuous operation is contemplated 
and dry ice consumption is a major 
factor, a, 6dii. wall of ground cork, fiber 
glass, rock wool or other suitable insula- 
tion can be used. Where walls are 
perforated for fixture attachment, bake- 
lite or fiber tubes should be used. 
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Scope 

1. (a) These specifications cover vul- 
canized compounds of natural rubber, 
reclaimed rubber, synthetic rubber, or 
rubber-like materials, alone or in com- 
bination, which are intended for use in 
manufacturing products for automotive 
and aeronautical applications. Com- 
pounds for tires, inner tubes, sponge 
rubber, and hard rubber are not included. 

{h) The compounds listed in Tables 
I, II, III, IV, and V are of two types 
grouped in five classifications based 
primarily on physical properties. Al- 
though the individual compounds pro- 
vide a wide variety and range of physical 
properties, it should be understood that 


3 Under the standardization procedure of the A.S.T.M., 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-ll on Rubber and Rubber-Like 
Materials. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Revision accepted by the A.S.T.M. at annual meet- 
ing, June, 1946. 


these specifications are general and are 
intended to furnish a basis for engineers 
to select material suitable for common 
applications. When using these classi- 
fications as a basis for detailed product 
specifications, care should be taken to 
choose those grades having only the 
properties required for the intended 
service. Since it is recognized that basic 
test requirements used mainly to classify 
compounds do not sufficiently describe 
some compositions required by the auto- 
motive and aeronautical industries, pro- 
vision is made for added test require- 
ments which are indicated by suitable 
suffixes to the grade numbers. When 
the compounds may be used for purposes 
where the requirements are too particular 
to be prescribed in general specifications, 
it is advisable for the purchaser to consult 
the manufacturer to secure adjustment of 
the properties to suit the actual opera- 
tions to which the material is to be sub- 
jected. 

{c) In case of conflict between the 
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provisions of these general specifications 
and those of detailed specifications or 
methods of test for a particular product, 
the latter' shall take precedence. 

.Types of Compounds 

2. These specifications cover two types 
of compounds designated by the prefix 
letters R and S,'as follows: 

Type R— Compounds made from nat- 
ural rubber, reclaimed rubber, syn- 
thetic rubber, or rubber-like materials, 
alone or in combination, for services 
having no specific requirement for re- 
sistance to the action of petroleum-base 
oils or other organic fluids. 

Type 5 —Compounds made from syn- 
thetic rubber or rubber-like materials for 
services where resistance to the action of 
petroleum-base oils or other organic 
fluids is required. 

Classes and Grades of Compounds 

3. (a) Classes, — Type R compounds 
are divided into two classes designated 
by the letters N and S added to the R 
prefix, and type S into three classes 
designated by the letters A, B, and C 
added to the S prefix, as follows: 

Type R: Class RN. — Compounds con- 
taining natural rubber hydrocarbon 
either in the form of crude or reclaimed 
rubber to the extent of 50 per cent or 
more by volume of the total elastomer 
content. No requirement for oil resist- 
ance, Class Compounds contain- 
ing synthetic rubber or rubber-like 
material to the extent of 50 per cent or 
more by volume of the total elastomer 
content. No requirement for oil resistance, 

Type S: Class SA, — Compounds made 
from synthetic rubber or rubber-like 
material having fwuxwmw oil resistance, 
Ctoxx Compounds made from syn- 
thetic rubber or rubber-like material 
having good oil resistance. Class SC , — 
Compounds made from synthetic rubber 


or rubber-like material ' having medium 
oil resistance, 

{b) Grades.— E&ch chss of compound 
has a number of different grades, each 
having different physical properties. 
The grades shall be designated by 
numbers following the prefix letters and, 
when necessary, by suffix letters after the 
grade number, as follows: 

Grade Numbers shall consist of three 
digits, the first indicating the durom- 
eter hardness range, for example, 3 
for 30 ±: 5, 4 for 40 dz 5, etc. The 
next two digits indicate the minimum 
tensile strength, for example, 09 for 
900 psi., 15 for 1500 psL, etc. 

Suffix Numbers shall be used only in 
those cases where compounds having 
the same tensile strength may be speci- 
fied with different ultimate elonga- 
tions. They shall be single digits 
preceded by a hyphen and appended 
to the grade numbers indicating the 
required minimum elongations, for 
example, -4 for 400 per cent, -7 for 700 
per cent, etc. 

Suffix Letters may be added singly or 
in combination after any grade number 
to indicate additional requirements 
beyond those specified in Tables I 
to V as basic requirements for that 
particular grade. In those cases where 
a specific test for the property covered 
by a suffix letter has not been made a 
part of these specifications, the suffix 
letter is not to be used until suitable 
tests have been arranged by agreement 
between the manufacturer and the pur- 
chaser. The manufacturer will not be 
held accountable for special tests 
worked out by the purchaser unless the 
tests are specified on part drawings 
or the manufacturer has been notified 
in writing regarding these tests pre- 
vious to entering into a contract to 
furnish these materials. The signifi- 
cance of the approved suffix letters, is 
as follows: 
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SIGNIFICANCE OF SUFFIX BETTERS 


Suffix , Suffix' , , 

Letter '■ /' ■ • Letter 

{ Oven 'aging test required with f Uniform, adliesioii values should 

values as specified in Tables I, II, range upward from, .approximately 

IV, and V, 200 psi. for compounds of less than 

50 durometer hardness, and from 

{ Compression set test required with approximately 250 psi. for corn- 

values as specified in Tables I, II, pounds of over 50 durometer 

IV, and V.' hardness, provided .the compounds 

are designed for use in bonding to 

{ Weather resistance required. Test metal, 

to be arranged between the manu- Standard Method of Test for Ad- 

facturer and the purchaser. hesion of Vulcanized Rubber to 

Metal (A.S.T.M. Designation: 

{ Load deflection test required with D 429)® should be used when possi- 

vaiues as specified in Tables I and K 1 ble. However, it is usually desir- 

II. {continued) Jable to run tests on the actual pro- 

duction parts, in which case, the 
[Oil aging test required with values adhesion value is measured by a 

E. , . . . . as specified in Tables III, IV, and tension pull normal to the plane of 

[V. the metal surfaces and calculations 

are based on the projected area of 

[Grades passing the low-tempera- the smaller metal part. 

F Iture brittleness test (Section 8 W) It is recommended that the re- 

[at — 40F. spective purchaser and manufac- 

turer of products requiring 
[Grades passing the low-tempera- adhesion to metal mutually agree 

FF ’ ture brittleness test (Section 8 {h)) on the test method and adhesion 

at — 70F. value required for each specific 

[application. 

[Resistance to tear required. Test 

G - to be . arranged between the manu- [Resistance to water absorption re- 

facturer and the purchaser. ^ J Test to be arranged be- 

I tween the manufacturer and the 

( Resistance to severe flexing re- [purchaser, 

quired. Test to be arranged be- 
tween the manufacturer and the [Inflammability resistance re- 

purchaser, ^ j quired. Test to be arranged be- 

] tween the manufacturer and the 

[Resistance to abrasion required. [purchaser. 

J . .jTest to be arranged between the 


[manufacturer and the purchaser. (Resistance to impact required. 

N "(Test to be arranged between the 

'Adhesion to metal required. [manufacturer and the purchaser. 

Natural and synthetic rubber 

compounds can be bonded to most [Test for the degree of staining of 

metals. The bond obtained is de- surf ace finishes required. Methods 

pendent on many factors, such as: P of test and limits to be arranged 

(i) Type of compound. between the manufacturer and the 

K (^) Type of metal, [purchaser. 

(J) Surface preparation of the 

metal. ^ [Special tests of either the usual 

(4) Type of adhesive used. laboratory type or performance 

(5) Size and shape of the Z.. .... Ai type required. Such tests to be 

product. arranged between the manufac- 

^ (d) Method of vulcanization. [turer and the purchaser. 

Note: Example , — Grade SB 625 F designates a synthetic compound with good oil resistance 
having a durometer hardness of 60 =1:5, and an original minimum tensile strength of 2500 
psi., and which passes the low-temperature brittleness test at ““40 F. and conforms to the 
other basic requirements prescribed in Table IV. 

* Appears in this publication, see Contents in NTuineric Sequence of A,S.T,M. Designations at front of book. 
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TABLE I.-PHYSICAL REQUIREMENTS OF RUBBER COMPOUNDS TYPE R, CLASS RN, NON-OIL 

RESISTANT. 

(See Section 8 for Methods of Testing.) 


Basic Requirements 


Requirements Added by Suf&x Letters® 







SuiBB-x A 

Suffix B 

SuffixD 


Durometer 

A.S.T.M. 

Tensile 

Ultimate 
Elonga- 
tion, min,, 
per cent 

Oven Aged 70 hr. 
at 158 F. 



Grade Number 

.Hardness 

Number 

Hardness 

Number^ 

Strength, 
min., psi. 

Change 

in 

Tensile 
Strength, 
max., 
per cent 

Change in 
Ultimate 
Elonga- 
tion, 
max., 
per cent 

Compres- 
sion Set, 
max., 
per cent . 

20 per cent 
Load 

Deflection,' 

,, psi. " 

tRN300... 

30 d= 5 

ISO dr 20 





25 


RN309... 

30 ± 5 

ISO dr 20 

900 

500 

-25 

-25 

50 


RN31S 

30 ±5 

150 dr 20 

1 500 

600 

-25 

-25 

SO 

70 ± tO' 

RN320 

30 rh 5 

150 dr 20 

2 000 

600 

-25 

-25 

50 

70 dr 10 

RN330 

30 ±5 

150 ± 20 

3 000 

700 

-25 

-25 

SO 

70 db 10 

*tRN400 

40 dr 5 

105 dr IS 





25 


RN40S 

40 ±S , 

105 dr 15 

500 

300 

-25 

-25 

so 


*RN409 

40 dr S 

105 dr 15 

900 

500 

-25 

-25 

50 


’*'RN41S 

40 dr S 

105 dr 15 

1500 

500 

-25 

-25 

so 

lOO ± IS 

*RN420 

4 0 dr S 

lOS dr IS 

2 000 

500 

-25 

-25 

SO 

100 dr IS 

RN430 

40 dr 5 

105 dr 15 

3 000 

600 

-25 

-25 

so 

100 db 15 

*tRNSOO. 

^RNS06 

SO dr S 

75 ± 10 





25 


SO dr 5 

75 dr 10 

600 

300 

-25 

-25 

SO 


*RN5()9 

SO dr S 

75 dr 10 

900 

300 

-25 

-25 

50 


niNsis 

so dr 5 

75 dr 10 

1 500 

400 

-25 

-25 

50 

140 dr 20 

♦RNS2S..... : 

50 dr 5 

75 db 10 

2 500 

500 

-25 

-25 

' 50 

140 db 20 

' RNS3S ' 

50 rh 5 

75 dr. 10 

3 500 

600 

-25 

-25 

50 

140 d: 20 

*tRN600 

60 dr 5 

55 dr 8 





25 


RNd06 

60 dr 5 

55 dr 8 

600 

m 

-25 

-25 

50 


*RN60<) 

60 dr 5 

SSdr 8 

900 

300 

-25 

-25 

SO 


*RN«$1S 

60 dr 3 

55 dr 8 

1 500 

350 

-25 

-25 

50 

195 ± 30 

RN620 

60 dr S 

55 dr 8 

2 000 

400 

-25 

-25 

50 

195 d: 30 

*RN62S 

60 dr 5 1 

SSdr 8 

2.500 

450 

-25 

-25 

SO 

195 ± 30 

RN635 

60' db 5 

SSdr 8 

3 500 

550 

-25 

-25 

SO 

195 dr 30 

tRN700 

70drS 

40 dr 7 





25 


RN703 

70 dr S 

4 0 dr 7 

300 

ioo 

-25 

-25 

50 


RN704 

70 dr 5 

40 dr 7 

400 

150 

-25 

-25 1 

SO 


’^RN706 

70 dr 5 

40 dr 7 

600 i 

200 

-25 

-25 ■ 1 

SO 


RN709 

70 dr 5 

40 dr 7 

900 

250 

-25 

-25 

SO 

285’± SO 

’»RN71S 

70 dr 5 

40 dr 7 

1 500 

300 

-25 

-25 

SO 

♦RN720 

70 ±5 

40 dr 7 

2 000 

350 

-25 

-25 

SO 

285 ± SO 

RN730 

70 dr 5 

40 dr 7 

3 000 

450 

-25 

-25 

50 

285 dr 50 

RN804........... 

80 dr 5 

28 db 7 

400 

100 

-25 

-25 

SO 


'«'RN806 

so dr 5 

28 dr 7 

600 

150 i 

-25 

-25 

SO 


RN809 

80 dr S 

28 dr 7 

900 

200 I 

-25 

^-25 

50 


*«'RN812. 

80 d: 5 

28 dr 7 

1 200 

250 

-25 

-25 

SO 

'450*±7S'" 

, *RN820 

80 dr 5 

28 rh 7 

2 000 

250 

-25 

-25 

SO 

RN825 

80d=5 

28 dr 7 

2 500 

, 300 

-25 ■ 

-25 

SO 

. 450 dr .75 . 

*RN907 

90 db 5 

13 dr 7 

700 

75 

-25 

-25 



RN915..... 

90 dbS 

13 dr 7 

1500 

200 

-25 

-25 




It is suggested that these com- 


. ® See Section 3. , 

® Required only for referee purposes. _ 

* The compounds marked with an. asterisk are those which are most commonly used, 
pounds be specified when possible, , ^ ^ j t: 

t The compounds whose grade numbers are even hundreds are designed primarily for low compression set, and are for 
use in such applications as motor mounts, spring shackle bushings, rubber springs (vibration absorbers), brake cups, and 
many other applications where maximum resistance to permanent distortion under load is of paramount importance. 
Tensile and elongation requirements have been omitted because compression set is of first importance, iensile and 

elongation cannot be specified in the tables because of the wide variation in these values. 
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TABLE IL— PHYSICAL REQUIREMENTS OF RUBBER COMPOUNDS. TYPE R. CLASS RS. NON-OIL 

RESISTANT. 


(See Section 8 for Methods of Testing.) 


Basic Requirements 

Requirements Added by Suffix Letters" 

Grade Number 

Durometer 

Hardness 

Number 

A.S.T.M. 

Hardness 

Number^ 

Tensile 
Strength, 
min . psi. 

Ultimate 
Elongation 
min., per 
cent 

Suffix A 

Suffix B 

. Suffix D 

Oven Aged 70 hr. 
at 158 F. 

Compres- 
sion Set, 
max., 
per cent 

20 per cent 
Load 

Deflection,® 

. psi. 

Change 

in 

Tensile 
Strength, 
max., 
per cent 

Change in 
Ultimate 
Elonga- 
tion 
max., 
per cen t 

tRS300.. .... 

30 ± 5 

175 dr 25 





25 


RS307 ..... 

30 ± 5 • 

175 dr 25 

700 

300 

-25 

-25 

SO 


RS.t09 

30 ± 5 

175 dr 25 

900 

300 

-25 

-25 

SO ■ 


RS309-5. .... 

30 ± 5 

175 dr 25 

900 

500 

-25 

-25 

SO 


RS315 

30 i 5 

175 dr 25 

1 500 

600 

-25 

-25 

50 

70 dr 15 

RS320 

30 i 5 

175 dr 25 

2 000 

500 

-25 

-25 

50 

70 dr 15 

RS320-7..... 

30 ± 5 

175 dr 25 

2 000 

700 

-25 

-25 

SO 

70 dr 15 

tRS400....... 

40 ± 5 

■ 125 dr 25 





25 


RS402., 

40 ± 5 

125 dr 25 

200 

iso 

-25 

-25 

50 


RS405., 

40 ±5 

125 dr 25 

500 

300 

-25 

-25 

SO 


RS40S-7 

40 d= 5 

125 dr 25 

50G 

700 

-25 

-25 

SO 


*RS409 

40 dr 5 

125 .dr 25 

900 

400 

-25 

-25 

50 


RS415 

40 ± 5 

125 dr 25 

1 500 

SOO 

-25 

-25 

50 

102.5 dr 22.5 

RS415-7 

40 ± 5 

125 dr 25 

1 500 

700 

-25 

-25 

SO 

102.5 + 22.5 

RS420....... 

40 dr 5 

125 dr. 25 

2 000 

700 

-25 

-25 

50 

102. S ±22.5 

RS425 

40 dr 5 

125 d= 25 

2 500 

600 

-25 

-25 

SO 

102.5 ± 22.5 

*tRS5no 

so dr 5 

90 dr 20 





25 


RSS03. 

SO dr 5 

90 ± 20 

300 

125 

-25 

-25 

50 


RS506 

50 dr 5 

90 dr 20 

600 

300 

-25 

-25 

SO 


*RSS09 

50 + 5 

90 dr 20 

900 

300 

-25 

-25 

SO 


RS509-5 

50 dr 5 

90 dr 20 

900 

500 

-25 

-25 

50 


*RSS15 

S O dr 5 

90 dr 20 

1 500 

400 

-25 

-25 

50 

145 ± 30 

RSS15-6 

50 dr 5 

90 dr 20 

1 500 

600 

-25 

-25 

i 50 

145 ± 30 

RS51S. 

50 dr 5 

90 dr 20 

1 800 

400 

-25 

-25 

SO ! 

145 ± 30 

RSS20 

SO dr 5 

90 dr 20 

2 000 

600 

-25 

-25 

50 

145 ± 30 

nRSdOO 

60 dt 5 

63 dr 17 





25 


RS604 

60 d: 5 

63 dr 17 

400 

ido 

-25 

-25 

SO 


RS606 

SO dr 5 

63 d: 17 

600 

300 

-25 

-25 

50 


’^RS609...... 

60 dr 5 

63 dr 17 

900 

300 

-25 

-25 

50 


RS612 

60 dr 5 

, • 63 db 17 

1 200 

500 

-25 

-25 

SO 


•^Rseis. 

! 60 d= 5 

i 63 dr 17 

1 500 

350 

-25 

-25 

SO 

205' ±45 

*RS620 

60 d: 5 

63 d: 17 

2 000 

600 

-25 

-25 

SO 

205 ± 45 

RS625 

60 dr S 

; 63 dr 17 

2 500 

450 

-25 

-25 

50 

205 ± 45 

tRS700 

70 dr 5 

42 dr 12 





25 


RS703 

70drS 

42 d: 12 

ido 

ioo 

-’as 

-’ 2*5 

SO 


RS704 

70 dr 5 

42 dr 12 

400 

150 

-25 

-25 

50 


RS706 

70 dr 5 

42 dr 12 

600 

200 

-25 

-25 

50 


*RS709 

70 dr 5 

42 dr 12 

900 

250 

-25 

-25 

50 


RS709-4.... 

70 dr 5 

42 dr 12 

900 

400 

-25 

-25 

50 


*RS7t5 

70 dr 5 

42 dr 12 

1 500 

300 

-25 

-25 

SO 

302.5' ±72. 5 

RS71.5-5 

70 dr 5 

42 dr 12 

1500 

500 

-25 

-25 

50 

302.5 ±72,5 

RS720 

70 dr 5 

42 dr 12 

2 000 i 

350 

-25 

-25 

SO 

302.5 ± 72.5 

RS725 

70 db 5 

42 dr 12 

2 500 i 

300 

-25 

-25 

SO 

s302.S ± 72.5 

RS804 

80 dr 5 

30 dr 10 

400 

50 

-25 

-25 

50 


*RS806 

80 dr 5 

30 dr 10 

600 

150 

-25 

-25 

SO 


RS809 

80 dr 5 

30 dr 10 

900 

200 

-25 

-25 

SO 


*RS812 

80 dr 5 ; 

30 dr 10 

1 200 

250 

”25 

-25 

50 


RS820 

80 dr 5 

30 dr 10 

2 000 

200 

-25 

-25 

50 ,'i 

472.5 db* 102.5 

RS825 

80 dr S 

30 dr 10 

2 500 

300 

-25 

-25 

50 1 

472.5 ±102.5 

RS907 

90 dr 5 

IS dr 10 

700 

75 

^ -25 ' 

-25 



*RS915 

90 d: S 

IS dr ID 

1 500 

. 75 

-25 

-25 




“ See Section 3. 

® Required only for referee purposes. 

Load deflection values are not provided for compounds having a tensile strength of less than 1500 psi. nor for 
compounds over 80 durometer hardness- 

* The compounds marked with an asterisk are those which are most commonly used. It is suggested that these com- 
pounds be specified when possible. 

t The compounds whose grade numbers are even hundreds are designed primarily for low compression set, and are for 
use in such applications as motor mounts, spring shackle bushings, rubber springs (vibration absorbers), brake cups, and 
many other applications where maximum resistance to permanent distortion under load is of paramount importance. 
Tensile and elongation requirements have been omittea because compression set is of first importance. Tensile and 
elongation cannot be specified in the tables because of the wide variation in these values. 
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Gomposition and Manufacture 

4. Compoimds furnished under these 
specifications shall be manufactured from 
natural rubber j reclaimed rubber, syn- 
thetic rubber, or rubber-like materials 
together with added compounding in- 
gredients of such nature and quantity as 
not to prevent compliance with the 
specified requirements. In permitting 
choice in use of those materials by the 
manufacturer, it is not intended to 
imply that the different rubber materials 
are equivalent with respect to all 


free from porous areas, weak sections, 
bubbles, foreign matter or other defects 
affecting serviceability. 

Color 

5. Unless otherwise specified, the rub- 
ber compounds shall be black and free 
from objectionable bloom. 

Physical Properties 

6. The various grades of compounds 
shall conform to the requirements as to 
physical properties prescribed in Tables 
I, II, III, IV, and V, together with any 


TABLE III.— PHYSICAL REQUIREMENTS OF SYNTHETIC RUBBER COMPOUNDS, TYPE S, CLASS SA, OIL 

RESISTANT. 

(See Section 8 for Methods of Testing.) 


Basic Requirements 


Grade 

Number 

Durom- 

etcr 

Hard- 

ness 

Number 

A.S.T.M. 

Hardness 

Number^ 

Tensile 

Strength, 

min., 

p)si. 

Ulti- 
mate 
Elonga- 
tion, 
min., 
per cent 

Oil Aged 

70 hr. at 
1S8 F., 
Change in 
Volume 
(Limits), 
per cent 

Suffix E 

Oil Aged 70 hr. 
at 158 F. 

Change 

in 

Tensile 
Strength, 
max., 
per cent 

Change 

in 

D urom- 
eter 

Hardness 

(Limits) 

SA302 

30 rbS 

150 ± 20 

200 

500 

-15 to -f5 

-20 

-5 to -flO 

SA403 

40 ± 5 

105 ± 15 

300 

500 

-5 to 4-3 

-20 

-5 to 4* 5 

SA5()6 

50 d= 5 

75 ± 10 

600 

500 

-3 to +3 

-20 

-5 to 0 

SA607 

60 =fc 5 

55 dr '8 

700 

400 

-3 to 4-3 

-20 

-S to 0 

SA706 

70 ± 5 

40 =h 7 

600 ! 

400 

— 3 to 4’3 

-20 

-5 to 0 

SA709 

70 ± 5 

40 d= 7 

900 

300 

-3 to 4-3 

-20 

-5 to 0 

SA809 

8Q±$ 

28 A: 7 

900 

200 

-3 to +3 1 

-20 

—5 to 0 

SA910 

90 ± 5 

13 rt 7 

1000 

100 

-3 to +3 

-20 

-5 to 0 


Requirements Added by SufEx Letters® 


Oven Aged 70 
hr. at 158 F. 


SufSx A 


Suffix B 


Compression 

Set 


Values for oven aging and 
compression set tests are 
omitted for class SA com- 
pounds as these materials 
may be thermoplastic. 


® See Section 3. 

" Required only for referee purposes. 


physical properties. An}^ special char- 
acteristics other than those prescribed 
in these specifications, which may be 
desired for specific applications (for 
example, resistance to ozone, flexing, 
abrasion, or specific fluids) shall be 
specified in the product specifications, as 
they may influence the choice of the type 
of rubber material or other ingredient 
used- The compounds shall be vul- 
canized by a suitable heat treatment. 
All materials and workmanship shall be 
in accordance with good commercial 
practice and the resulting stock shall be 


additional requirements indicated by suf- 
fix letters in the grade designations as 
described in Section 3. 

Sampling 

7. (a) The values for the physical re- 
quirements prescribed in these specifica- 
tions define the properties of the com- 
pounds after vulcanization in molds in 
the form of standard laboratory test 
slabs or blocks prepared in accordance 
with the Standard Methods of Sample 
Preparation for Physical Testing of 
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Rubber ■ .Products ■ ' (A.S.T.M. Designa- 
tion : D' I'S) . F requen tly the same' com- 
pound will have differing properties, when 
processed in different manners as re- 
quired in various products* Therefore, 


(b) ■ When proof of conformance with 
these specifications is required for any 
lot of products in which their use was 
specified, the manufacturer shall, upon 
request of the purchaser at. the time of 


TABLE.IY.— PHYSICAL 'REQUIREMENTS OF SYNTHETIC RUBBER COMPOUNDS, TYPE S, CLASS SB, OIL 

RESISTANT. 

(See Section 8 for Methods of Testing.) 


Basic Requirements 


Requirements Added by Suffix Letters® 


Grade 

Number 

Durom- 

cter 

Hard- 

ness 

Number 

A.S.T.M. 

Hardness 

Number^ 

Tensile Strength, min., psi. 

Ultimate Elongation, min per cent 

Oil Aged 70 
hr. at 212 F., 
Change in 
Volume 
(Limits), 
per cent 

Suffix E 

Suffix A 

Suffix B 

Oil Aged 70 hr. 
at 212 F. 

Oven Aged 70 hr. 
at 212 F. 

Compression 
Set, max,, 
per cent 

Change in Tensile 
Strength, max., 
per cent 

Change in 
Durometer 
Hardness 
(Limits) 

Change in Tensile 
Strength, max., 
per cent 

Change in Ultimate 
Elongation, max.j 
per cent 

Change in 
Durom- 
eter 

Hardness, 

(Limits) 

22 

hr. 

at 158 
P. 

70 

hr. 

at 212 
F. 

SB305 . , 

30=fc 5 

150 ± 20 

500 

400 

-15 to +25 

-20 

-10 to +20 

-20 

-SO 

0 to +20 

SO 


SB309,, 

30=b5 

150 ± 20 

900 

500 

-15 to +25 

—20 

-10 to +20 

-20 

-50 

0 to +20 

SO 


mm.. 

40 =fc 5 

105 ± 15 



-15 to +25 


-10 to +15 



0 to +15 


70 

SB405 . 

40 =b 5 

105 ± IS 

500 

400 

-15 to +25 

-20 

-10 to +20 

-20 

-50 

0 to +20 

45 


*SB410,, 

40 d= 5 

lOS ± 15 

1000 

500 

-15 to +25 

-20 

-10 to +20 

-20 

-SO 

0 to +20 

45 


*SB415 . . 

40d= 5 

105 ± IS 

1500 

500 

-15 to +25 

-20 

-10 to +15 

-20 

-50 

0 to +15 

45 


•fSBSOO . . 

S0d=S 

75 ±10 



-5 to +25 


-10 to +10 



0 to +10 


65 

SBS08 . . 

50 it 5 

75 ± 10 

800 

400 

-5 to +25 

-20 

-10 to +15 

-’20 


0 to +15 

40 


*SBS15.. 

S0d=S 

75 ±10 

1500 

SOO 

-5 to +25 

-20 

-10 to +15 

-20 

-SO 

0 to +15 

40 


SB520.. 

I SOdrS 

75 + 

10 

2000 

500 

-5 to +25 

-20 

-10 to +10 

-20 

-SO 

0 to +10 

40 


*tSB600.. 

i 60 d= 5 

55 ± 

8 



-5 to +25 


-10 to +10 



0 to - 

hto 


65 

SB608 . , 

i 60 d= 5 

55 ± 

S 

800 

300 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to - 

-15 

35 


•SB612.. 

60dbS 

SS ± 

8 

1200 

300 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to - 

-15 

35 


*SB617 . . 

60rb5 

55 ± 

8 

1700 

400 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to - 

-10 

35 


SB62S.. 

60 ±5 

55 ± 

8 

2500 

500 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to - 

-10 

35 


*tSB700.. 

70 ± 5 

40 ± 

7 



-5 to +25 


-10 to +10 



0 to +10 


65 

SB710.. 

70 zt S 

40 ± 

7 

1000 

300 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to +10 

30 i 


*SB715.. 

70=fc5 

40 ± 

7 

1500 

300 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to +10 

■30 1 


SB720.. 

70 ± 5 

40 ± 

7 

2000 

300 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to +10 

i 30 


SB725.. 

70 ±5 

40 ± 

7 

2500 

300 

-5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to +10 

' 30 


SB730.. 

70 ± 5 

40 ± 

7 

3000 

400 

—5 to +25 

-20 

-10 to +10 

-20 

-60 

0 to +10 

; 30 


tSBSOO.. 

m±s 

28 ± 

7 



-5 to +25 


-10 to + 5 



0 to -] 

hio 


65 

SB804 . . 

80 ± 5 

28 ± 

7 

400 

ioo 

! -5 to +25 

-^20 

-10 to +10 

-20 

-60 

0 to - 

-10 

30 


SB810V. 

80 ±5 

28 ± 

7 

1000 

150 

1 -5 to +25 

-20 

-10 to +10 

-20 

\ -60 

0 to - 

-10 

30 


*SB81S.. 

1 80 d= 5 

28 ± 

7 

1500 

150 

-5 to +25 

-20 

-10 to +10 

i -20 

1 -60 

0 to - 

-10 

30 


SB820. 

1 80 =fc 5 

28 ± 

7 

2000 

150 

-5 to +25 

-20 

-10 to + 5 

1 -20 

r-60 

0 to - 

hiO 

30 


. SB902... 

90=1:5 

13 ± 

7 

200 

50 

-5 to +25 

-20 

i -10 to + 5 

-20 

-60 

0 to + 5 

40 


*SB910., 

: 90 =fc S 

13 ± 

7 

1000 

100 

-5 to +25 

-20 

I -10 to + 5 

;■ -20 

j -60 

0 to + 5 

30 



® See Section 3. 

® Required only for referee purposes. 

The compounds marked with an asterisk are those which are most commonly used. It is suggested that these com- 
pounds be specified when possible. 

tThe compounds whose grade numbers are even hundreds are designed primarily for low compression set, and are 
for use in such applications as motor mounts, spring shackle bushings, rubber springs (vibration absorbers), brake cups, 
and many other applications where maximum resistance to permanent distortion under load is of paramount importance. 
Tensile and elongation requirements have been omitted because compression set is of first importance. Tensile and 
elongation cannot be specified in the tables because of the wide variation in these values. 


samples taken from finished products 
cannot be expected in ail cases to meet 
the values prescribed. 


ordering, furnish a sufificient number of 
test slabs, having dimensions 6 by 6 by 
0,080 zb 0.010 in. and test blocks 2 by 4 
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by 0.55 ± 0.02 in. for the proper per- Methods of Testing 
formance of the required tests. These 

samples shall be guaranteed to have The properties enumerated in these 
equivalent cure and to be from the same specifications shall be determined in 

TABLE V.-PHYSICAL REQUIREMENTS OF SYNTHETIC RUBBER COMPOUNDS, TYPE S. CLASS SC, OIL 

RESISTANT. ■ ■ * \ 

(See Section 8 for Methods of Testing.) 


Basic Requirements 


Requirements Added by Suffix Letters® 


Grade 

N'-imber 

Durom- 

eter 

Hard- 

ness 

Number 

A.S.T.M. 

Hardness 

Number® 

Tensile Strength, min., psi. 

Ultimate Elongation, min., per cent 

Oil Aged 70 
hr. at 212 F., 
Change in 
Volume 
(Limits), 
per cent 

Suffix E 

Suffix A 

Suffix B . 

Oil Aged 70 hr. 
at 212 F. 

Oven Aged 70 hr. 
at 212 F. 

Compression 
Set, max., 
per cent 

Change in Tensile 
Strength, max., 
per cent 

Change in 
Durometer 
Hardness 
(Limits) 

Change in Tensile 
Strength, max., 
per cent 

Change in Ultimate 
Elongation, max., 
per cent 

Change in 
Burom- 
eter 

Hardness, 

(Limits) 

22 

hr. 

at 158 
F. 

70 

hr. 

at 212 
F. 

SC30S.. 

30dfcS 

ISO d: 20 

500 

soo 

100 to ISO 

-85 

-30 to -10 

-15 

-40 

0 to +15 

70 


SC310 . . 

30 ±3 

ISO ds 20 

1000 

500 

100 to ISO 

-85 

-30 to -10 

-15 

-40 

0 to +15 

70 


SC31S., 

30=fc5 

lSOd=20 

1300 

SOO 

100 to ISO 

-85 

-30 to -10 

-is 

-40 

0 to +15 

70 


SC320,. 

30sh5 

ISO ± 20 

2000 

500 

100 to ISO 

-85 

-30 to -10 

-15 

-40 

0 to +15 

70 


tSC400.. 

40 =1:5 

lOS db IS 



90 to 140 

■ 

-35 to -15 



0 to +15 


75 

SC40S.. 

40=hS 

105 d= IS 

sob 

500 

90 to 140 

-80 

-35 to -15 

-15 

-40 

0 to +15 

65 


“^SCUS.. 

40 dr 5 

lOS d= IS 

1500 

SOO 

90 to 140 

-80 

-35 to -IS 

-15 

-40 

0 to +15 

65 


*SC420.. 

40 ± 5 

105 dr IS 

2000 

SOO 

90 to 140 

-so 

-35 to -IS 

-15 

-40 

0 to +15 

60 


S'C425.. 

40 d= S 

lOS d= IS 

2500 

500 

90 to 140 

-80 

-35 to -15 

~15 

-40 

0 to +15 

60 

./, 

*tscsoo.. 

S0d=S 

75 d= 10 



80 to 130 


-40 to -20 



0 to +15 


70 

SCSQ7.. 

S0=bS 

75d=t0 

700 

300 

80 to 130 

-70 

-40 to -20 

-15 

-40 

0 to +15 

60 


^SC512.. 

so =b 5 

75 d= 10 

1200 

300 

80 to 130 

-70 

-40 to -20 

-15 

-40 

0 to +15 

60 


‘*'SCS20,. 

SO ± 5 

75 d= 10 

2000 

400 

80 to 130 

-..70 

-40 to -20 

-15 

-40 

0 to +15 

SO 


SC525 . . 

50 S 

7Sd= 10 

2500 

400 

' 80 to 130 

-70 

-40 to -20 

-IS 

-40 

0 to +15 

50 


SCS30.. 

S0d=S 

75 d= 10 

3000 

500 

80 to 130 

-70 

-40 to -20 

-15 

-40 

0 to +15 

50 


SC600.. 

60=bS 

SSdb 8 



70 to 120 


-50 to —20 



0 to +10 


70 

*SC608..^ 

60d=S 

SSdz 8 

800 

300 

70 to 120 

-60 

-SO to -20 

-15 

-40 

0 to +15 

55 


*SC614.. 

OOrfcS 

SS=fc 8 

1400 

300 

70 to 120 

-60 

-SO to -20 

-15 

-40 

0 to +10 

55 


'^SC620 . . 

60d=5 

55d= 8 1 

2000 

300 

70 to 120 

-60 

—SO to —20 

-15 

-40 

0 to +10 

SO 


SC62S . . 

60=bS 

5S=b 8 

2500 

300 

70 to 120 

-60 

-SO to —20 

-15 

-40 

0 to +10 

SO 


SC63tt., 

60d=5 

55 d= 8 

3000 

400 

70 to 120 

-60 

-SO to -20 

-15 

-40 

0 to +10 

45 


*tSC700.. 

70 db S 

40 d= 7 



60 to no 


-so to -25 



0 to +10 


65 

^SC707 . , 

70 d=S 

40d= 7 

700 

266 

60 to no 

-60 

-SO to —25 

-15 

-40 

0 to +10 

SO 


*SC717.. 

70d=S 

40 db 7 

1700 

200 

60 to no 

-60 

-50 to —25 

-IS 

-40 

0 to +10 

45 


sens.. 

70 d: S 

40 d= 7 

2500 : 

300 

60 to no 

-60 

-50 to -25 

-IS 

-40 

0 to +10 

40 


fSCSOO.. 

S 0 d=.s 

28 d= 7 



50 to 100 

-40 

-50 to -30 



0 to +10 


"■■'6S 

SC804 . . 

80 d=S 

28 db 7 

400 

ioo 

50 to 100 

-40 

-SO to -30 

-IS 

-40 

0 to +10 

SO 


SC808.. 

80d=S 

28 d= 7 

800 : 

100 

50 to 100 

-40 

-SO to -30 

-IS 

i -40 

0 to +10 

SO 


“^SCSIS . . 

80 db S 

28 d= 7 

1500 

100 

50 to 100 

-40 

-SO to -30 

-15 

1 -40 

0 to +10 

,45 


. SC902., 

90 ,d: S 

13 db 7 

200 

50 

40 to 90 

-30 

—SO to —30 

-IS 

t -40 

0 to + 5 

SO 


’»SC910.. 

9 0 d=S 

13 d= 7 

1000 

100 

40 to 90 

-30 

-so to -30 

-IS 

! -40 

1 

0to+ 5 

SO 



® See Section 3. , 

® Required only for referee purposes. , ■ 

* The compounds marked with an asterisk are those which are most commonly used. It is suggested that these com- 
pounds be specified when possible. . . ' . ^ , ■ . , , 

t The compounds whose grade numbers are even hundreds are designed primarily for low compression set, and are for 
use in such applications as motor mounts, spring shackle bushings, rubber springs (vibration absorbers), brake cups, and 
many other applications where maximum resistance to permanent distortion under load is of paramount importance. 
Tensile and elongation requirements have been omitted because pmpression set is of first importance. Tensile and 
elongation cannot be specified in the tables because of the wide variation in these values. , , , 


ruE or batch of compound used in the 
lot Unless otherwise specified, a lot 
shall consist of all products of the same 
composition and the /.same grade, sub- 
mitted; for/ mspectiou' a the same time. 


accordance with the following methods 
of the American Society for Testing 
Materials except as modified in accord- 
ance with certain' of the- references given 
below. All exposure periods ' and tern- 
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peratures prescribed in Tables I, II, III, 
IV, and V shall be given precedence 
over those specified in the A.S.T.M. 
methods. 

Note.— Before any tests are started, the 
• classifications of rubber compounds, and the 
A.S.T.M. methods of testing referred to should 
be studied carefully. 

(a) AS.T.M. Hardness. — Standard 
Method of Test for Hardness of Rubber 
(A.S.T.M. Designation: D 314).^ 

(b) Durometer Hardness. — Tentative 
Method of Test for Indentation of 
Rubber by Means of the Durometer 
(A.S.T.M. Designation: D 676).^ 

(c) Tensile Strength and Elongation . — 
Standard Methods of Tension Testing of 
Vulcanized Rubber (A.S.T.M. Desig- 
nation: D 412),^ except that the test 
specimens shall be 0.070 to 0.090 in. in 
thickness and shall be cut using die C. 

{d) Load Deflection. — Standard Meth- 
ods of Test for Compression-Deflection 
Characteristics of Vulcanized Rubber 
(A.S.T.M. Designation: D 575).^ 

(e) Compression Set. — Method B of 
the Tentative Methods of Test for Com- 
pression Set of Vulcanized Rubber 
(A.S.T.M, Designation: D 395)^ in 
which the compression is at constant 
deflection and the percentage of set is 
based on the original deflection of the 
specimen rather than the original thick- 
ness. The percentage of compression 
employed shall depend upon the hardness 
of the rubber being tested, according to 
the following requirements; 


Durometer Hardness 

Deflection, p< 
original thi 

Number 

30 ± 5 

40 

40 ± 5 

40 

50 ± 5 

........ 30 

60 ± 5 . 

30 

70 ± 5,. ... ... 

........ 25 

80 ±5........ 

......... 25 

90 ± 5........ 

20 


(/) Ovm .4 gmg.— Standard Method 
of Test for Accelerated Agmg of Vul- 
canized Rubber, by the Oven Method 
(A.S.T.M. Designation: D 573).^ It is 


essential that the oven used shall have 
means of forced-air circulation and 
adequate temperature control as re- 
quired by Section 4 {h) of A.S.T.M. 
Methods D 573. In addition to de- 
termining the percentage changes in 
tensile strength and elongation, the 
following determination shall be made 
on type S compounds; 

Durometer Hardness —Mtex the 
specimen has been aged and cooled, 
the durometer hardness number shall 
be determined in accordance with 
A.S.T.M. Method D 676 and the 
change from the original hardness 
number noted. The specimen shall 
have the minimum thickness specified 
in A.S.T.M. Method D 676, built up if 
necessary from thinner sections. The 
specimen shall be large enough to 
allow at least | in. in any direction 
from the indentation point to the edge 
of the specimen. 

(g) Liquid Aging. — ^Tentative Meth- 
ods of Test for Changes in Properties of 
Rubber and Rubber-Like Materials in 
Liquids (A.S.T.M. Designation: D 471),® 
using the procedure described in Sec- 
tion 10 (c) of Methods D471 with the 
following modifications: 

(i) Test Petroleum-base oik 

No. 3 specified in A.S.T.M. Meth- 
ods D471 shall be used. 

{2) Condenser.—An air condenser shall 
be used in all cases. This con- 
denser shall be a glass tube 30 in. 
in length with a |-in. bored fitted 
tightly to the immersion tube by 
means of a cork stopper. The 
bottom of the condenser tube shall 
project I in. below the stopper. 
(J) Volume of The test tube 

prescribed in A.S.T.M. Methods 
D 47 1 shall be three quarters full of 
liquid after the test specimens are 
immersed. 


‘♦The oil known as “Circo light,” or equivalent, is 
satisfactory. 
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(4) Tensile „ -The , tensile 

strength of the specimen after 
removal from the liquid, shall be 
calculated on the original unaged 
cross-sectional area, and not ac- 
cording to the formula given in 
Section 11 {c) of A.S.T.M. Meth- 
■ ods D 47L , , 

, (5) , Durometer . Immedi-. 

ately after removal of the specimen 
from the cool liquid, ■ and after 
' drying as specified, the durometer 
hardness number shall ' be de- 
■termined in accordance' with A,S, 
T.M. Method D 676, and the 
, change, from the original durom- 
. ’ eter, hardness, number noted, . 
(h) Low-Temperature , Brittleness . — 
Tentative , Method of Test for^ Low- 
Tem.peratu.re, Brittleness of Rubber and 
Rubber-like Materials (A.S.T.M. Des- 
ignation:!) 736).® Type R compounds 
shall be given an exposure .period of 96 
hr. and type S compounds of classes 
SA, SB, and SC shall have an exposure 
period of 5 hr. All grades. carry.ing the 
suffix letter F in the grade .number shall 
be exposed at —40 F., and those with 
suffi.x. letters FF.at — 70 F, , 


Inspection and Rejection 

9. (a) All tests and inspection shal be 
made at the place of manufacture prior to 
shipment, unless otherwise specified. 
The manufacturer shall afford the in- 
spector all reasonable facilities, without 
charge, for tests and inspection. 

{b) The purchaser may make the 
tests and inspection to govern acceptance 
or rejection of ’ the materiaiat his labora- 
tory or elsewhere. Such tests and 
inspection shall be made at the expense 
of the purchaser and not later than 60 
days after receipt of the material. 

(c) Ail samples for testing, provided as 
specified in Section 7, shall be visually 
inspected to determine compliance with 
the material, worlonanship, color, and 
nonblooming requirements. 

(d) Any material which fails to con- 
form to one or more of the test require- 
ments may be retested at the expense of 
the manufacturer, F or this purpose two 
additional tests shall be made for the 
requirement in which failure occurred. 
Failure of either of the retests shall be 
cause for final rejection. 

(<;) Rejected material shall be disposed 
of as directed by the manufacturer and 
at his expense. 



APPROVED AS SAE STANDARD BY 
SOCIETT OP AOTOMOTIVE ENGIHEERS 


Tentative Specifications for 

NATURAL RUBBER CUPS FOR USE IN HYDRAULIC 
ACTUATING CYLINDERS^ 



A.S.T,M, Designation: D 818 - 45 T 

Issued, 1945.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Cooperating Societies in accordance with established 
procedures, for use pending adoption as standard. Suggestions for re- 
visions should be addressed to the Headquarters of the A.S.T.M., 1916 Race 
St., Philadelphia 3, Pa,, or the S.A.E., 29 W. 39th. St., New York 18, N. Y. 


These specifications were prepared jointly by the Society of Automotive 
Engineers and the American Society for Testing Materials, 


Scope 

1. These specifications cover molded 
cups compounded from natural rubber 
for use in hydraulic actuating cylinders 
employing hydraulic brake fluid of non- 
mineral oil type. 

Note. — These specifications do not include, 
requirements relating to chemical composition, 
tensile strength and elongation of the rubber 
compounds and materials composing the cup. 
The preparation of suitable specimens for ten- 
sile strength and elongation tests from a cup 
herein specified is impracticable; furthermore, 
separate test slabs prepared from rubber com- 
pounds representing the cups are not considered 
suitable. 

Resistance to Fluids at Elevated Tem- 
perature 

2, After being subjected to the test for 
Tesistance to fluids at elevated tempera- 
tures as prescribed in Sections 13 to 16, 
the cups shall conform to the following 
requirements as to changes in dimensions 
and durometer hardness: 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-11 on Rubber and Rubber-Like 
Materials. 

Accepted by Committee E-10 on Standards, June, 
27,11945. 


Change in volume 0 to +20 per cent 

fLip 0 to +S.7S per cent (0 to 

Change in outside j +0.075 in.) 

diameter (Base 0 to +5.75 per cent (0 to 

I +0.075 in.) 

Change in durometer hardness —10 to +5 points 

Effect of Fluid Pressure at Elevated 
Temperature (Heat Pressure Test) 

3. After being subjected to the heat 
pressure test prescribed in Sections 17 to 
20 the cups shall conform to the following 
requirements as to changes in dimensions 
and durometer hardness: 

Measurements aeter 30 min. 

{ Lip —2 to +2 per cent (—0,025 

to +0.025 in.) 

Base +3 per cent mas. (+0.040 

in. max.) 

Change in durometer hardness --5 to +0 points 
Measurements after 48 hr. 

{ Lip —3 per cent to +2 per cent 

(—0.040 to +0.025 in.) 

Base +3 per cent max. (+0.040 

in. max.) 

Change in durometer hardness “5 to +0 points 

Stroking Test 

A, {a) There shall be no leakage of 
fluid past the primary or secondary cups 
during the stroking test. 

{b) After the stroking test, specimens 
shall be examined for wear and general 
condition which may affect their life and 
performance. 
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(c) The change in. dnrometer hardness 
after the stroking test shall be within the 
limits of minus 7 to plus 5 points from the 
original reading, 

Tow-Temperature Test 

5; (a) After being held for 120 hr. at 
—40 to —*45 F.y the durometer hardness 
of the specimen shall not increase more 
than 25 points over the reading taken at 
room temperature. 

(b) After the bend test, made while the 

specimen is held at a temperature of —40 
to ““45 F. following an exposure at this 
temperature for 120 hr., the cup shall 
return to its approximate original shape 
within 1 min. ' , ■ ■ ■ , 

(c) No leakage of fluid shall occur past 
the primary, secondary or wheel-cylinder 
cups during the low-temperature leakage 
test. 

Aging 

6. (a) The change in durometer hard- 
ness shall be within the limits of 0 to plus 
S points over the reading taken before 
aging, 

(b) After the aging test, the specimens 
shall be examined for general condition 
and defects which may affect their life 
and performance. 

Workmanship and Finish 

7. Gups shall be free of blisters, pin 
holes, cracks, protuberances, embedded 
foreign matter or other physical defects 
which can be detected by thorough in- 
spection and shall conform to the dimen- 
sions specified on the drawings. The 
sealing lip shall be sharp and free from 
any irregularities^ 

Marking 

8. The. identification mark of the 
manufacturer, cup size, and other details 
as specified on the drawings shall be 
molded into each cup. 


Packaging ' 

9. Cups shall be packaged to meet the 
■requirements specified by tihe purchaser. 

Inspection and Rejection 

10. (a) All tests and inspection shall 
be made at the place of manufacture 
prior to shipment, unless otherwise speci- 
fied. The manufacturer shall afford the 
inspector all reasonable facilities, without 
charge, for tests and inspection. 

(b) The purchaser may make the tests 
and inspection to govern the acceptance 
or rejection of the cups at his laboratory 
or elsewhere. Such tests . and inspection . 
shall be made at the expense of the pur» 
chaser and not later than 60 days after 
receipt of the material 

(c) Any cups which fail to conform to 
one or more of the test requirements may 
be retested at the expense of the manu- 
facturer. For this purpose two addi- 
tional tests shall be made for the require- 
ment in which failure occurred. Failure 
of either of the retests shall be cause for 
final rejection. 

(d) All rejected cups shall be destroyed 
by the manufacturer, by cutting each cup 
or grinding through a rubber mill to 
insure that no substandard cups will be 
used. 

Methods or Testing 

Sampling 

11. (a) A quantity of 5000 cups of one 
size shall represent the minimum lot on 
which complete tests shall be conducted. 
The frequency and t 3 q>e of tests used to 
control production shall be agreed upon 
by the manufacturer and the purchaser. 

{b) Specimens for resistance to fluid 
and heat pressure tests shall be wheel 
cylinder cups 1| in. in diameter, and for 
stroking tests shall be primary and sec- 
ondary cups 1| in. in: diameter. When 
conditions do not permit the use of these 
sizes, tests shall be made on cups of 
available size, in which case the per- 
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centage limits of the specifications shall 
apply. . 

(c) Gups used for purpose of tests shall 
not be more than six months old from 
the date of manufacture. 

Test Fluids 

12 . The fluid used in the tests shall be 
one of the standard non-mineral oil brake 
fluids as follows: Chrysler ^TSO Brake,’^ 
Delco No. 9, Ford M-3833-A, Wagner No. 
21, and fluids approved in Army Ord- 
nance Specification 2-111, latest issue. 

Resistance to Fluids at Elevated 
Temper at'Ure 

Apparatus 

13. [a) If Micrometer cal- 
ipers or other suitable apparatus to 
measure accurately in thousandths of an 
inch the lip and base diameters of the 
cup. 

(i) Containers, — Tightly sealed con- 
tainers of i-pt, capacity. 

(c) Oven. — Any well-designed uniform- 
ly heated standard dry-air oven con- 
forming to the requirements prescribed 
in Section 4 of the Standard Method of 
Test for Accelerated Aging of Vulcanized 
Rubber by the Oven Method (A.S.T.M. 
Designation: D 573), h may be used. 
The oven shall be provided with proper 
temperature controls to maintain a 
standard test temperature of 158 ± 2 F. 
Satisfactory circulation of air shall be 
secured by means of a fan. 

Test' Specimens 

14. Two cups shall be selected for test 
specimens (see Section 11 {b)). 

Procedure 

15. (a) The specimens shall be wiped 
with an alcohol-saturated lint-free cloth 
to remove dirt and packing debris. 

{b) The volume of each specimen shall 
be determined in accordance with Section 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


9 {a) of the Tentative Methods of Test 
for Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids (A.S. 
T.M. Designation: D 471),^ except, that 
a Jolly balance may be used. 

{c) The diameters of the lip and base 
of the specimen shall be measured to the 
nearest thousandth of an inch, taking the 
average of two readings at right angles. 
Care shall be taken when measuring the 
base diameter that the measurement is 
taken within 0.015 in. from the back and 
parallel to the base of the specimen. 

id) The durometer /hardness of the 
specimen shall be determined in accord- 
ance with Section 30. Two specimens 
shall be put in a f-pt. container contain- 
ing 75 ml of the specified test fluid and 
the container shall be sealed to prevent 
loss of vapor during the test. The con- 
tainer shall be placed in the oven at 158 
dr 2 F. for 120 hr. At the end of the 
heating period the container shall be 
taken from the oven and the test speci- 
mens removed immediately and wiped 
dry with an alcohol-saturated lint-free 
cloth. 

{e) The test specimens shall be cooled 
for 30 min. on a wooden table top. The 
final volume, dimensions, and durometer 
hardness of each specimen shall then be 
determined as described in Paragraphs 
{h) to id). 

Calculations and Report 

16. {a) Volume Change. — The change 
in volume shall be calculated as follows, 
and reported: 


Increase in volume, per cent = 


(W3-W4) -(Wt - W2) 
Wi - W2 


X 100 


where: 

Wi = initial weight in air, 

W 2 = initial weight in water, 

W 3 = weight in air after immersion in 
the test fluid, and 

W 4 == weight in water after immersion 
in the test fluid. 
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(&) Dimensional' Change— "Ih.t orig- 
inal measurements shall be subtracted 
from the measurements taken after the. 
test and the difference reported in thou- 
sandths of an inch and as a percentage. 
Any observable changes in the con- 
dition of the specimens shall also be re- 
ported., „ 

{c) Durometer Hardness. — The differ- 
ence between the original durometer 
hardness reading and the reading after 
the test shall be reported. 


of the oven by suitable supports. A 
suitable oven is described in Section 4 
of A.S.T.M. Method D 573. ; 

(b) Heat Pressure i9mr^^.-~-Suitable 
means shall be provided to maintain a 
pressure of 500 psi. in cylinders used in 
the heat pressure test. The apparatus 
shown in Figs. 1 and 2 has been found 
satisfactory. 

Test Specimens 

18. Two wheel cylinder cups shall be 


Fig. 1 


. — Oven Showing Fixtures for Heat Pressure Test, and Containers for Fluid Resistance Test. 


Heat Pressure Test 

Apparatus 

17. (a) 0 ?J^; 2 .“~-Any well-designed uni- 
formly heated standard dry-air oven of 
sujQ&cient size to hold the heat pressure 
device may be used. The oven shall be 
provided with proper temperature con- 
trols to maintain a standard test tem- 
perature of 158 zh 2 F. Satisfactory 
circulation of air shall be secured by 
means of a fan. The heat pressure 
device shall be centrally located in the 
oven and supported above the bottom 


selected for test specimens (see Section 

11 (W. 

Procedure 

19. (a) The specimens shall be wiped 
with an alcohol-saturated lint-free cloth 
to remove dirt and packing debris. 

(b) The diameters of the lip and base 
of the specimen shall be measured to the 
nearest thousandth of an inch, taking 
the average of two readings at right 
angles. Care shall be taken when meas- 
uring the base diameter that the measure- 
ment is taken within 0.015 in. from the 
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back aBd paraUel to the base of the 
specimen. 

(c) The durometer hardness of the 
specimens shall be determined in accord- 
ance with Section 30. 

(d) The specimens shall be installed 
in a wheel ^c^ and connected to a 
master cylinder with weighted arm (see 
Figs. 1 and 2 for typical arrangement of 



Fig. 2. — Oven Showing Weighted Master Cylinder 
for Applying Pressure in Heat Pressure Test. 


equipment). The system shall be filled 
with the specified test fluid and all air 
expelled by bleeding. The weight on the 
master cylinder arm shall be adjusted to 
maintain a pressure of 500 ± 50 psi. in 
the system. The test shall be continued 
for 120 hr. at 158 ± 2 F. At the termi- 
nation of the heating period, the speci- 
mens shall be removed from the cylinder 


and wiped clean with an alcohol-saturated 
lint-free cloth. 

■ (e ) . The specimens shall be cooled for 
'30 min. on a wooden table top, after 
which measurements of the dimensions 
■ and durometer hardness shall be taken 
as prescribed in Paragraphs (b) and (c:). 

(/) The specimens shall then be rested 
for 48 hr. on a wooden table top at room 
temperature after which the measure- 
ments of the dimensions and durometer 
hardness shall be repeated. 

Calculations and Report 

20. The changes in dimensions and 
durometer hardness shall be calculated 
and reported as described in Section 
16 (b) and (c). 

Stroking Test 

Apparatus 

21. {a) Stroking Machine , — The strok- 
ing machine shall consist of a suitable 
mechanical means for actuating the 
master cylinder containing the test 
specimens, which shall be operated at 
1000 dz 100 strokes per hour with a total 
piston movement of I jg- in. The initial 
movement of f in. to in. shall be at a 
pressure of 40 to SO psi. to permit the 
primary cup to pass over the compensat- 
ing port hole, and the balance of the 
stroke shall be at a test pressure of 500 
it SO psi., held constant by anadjustable 
relief valve. If master cylinder sizes 
other than those recommended are used, 
there shall be a minimum total move- 
ment of the master-cylinder piston of 
1^ in. with a minimum stroke of | in. 
after the primary cup passes over the 
compensating port hole. The master 
cylinder shall be located in a uniformly 
heated dry-air oven maintained at the 
standard test temperature of 158 dz 2 F, 
The equipment shown in Figs. 3 and 4 
has been found satisfactory* 

(5) Alternative Stroking Machine,— 
One hydraulic brake system master 
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REDUQNG BUSHING 4 MALE PT. t FEM/O-E RT, 



Fig. 5.— Alternative Stroking Test Apparatus. 
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cylinder 1| in. in diameter, four brake 
assemblies having 1 1 in. diameter wheel 
cylinders, brake drums, a pressure gage 
satisfactory for operation at 500 db 50 
psi. and approximately 15 ft. of J in 
outside diameter copper or steel tubing 
shall be used in assembling the apparatus. 
The master cylinder shall be enclosed in 
a heated air bath maintained at a tem- 
perature of 158 ± 2 F. Mechanical ap- 
plication of pressure to the master 
cylinder push rod shall be employed to 
simulate operation on the vehicle as 
closely as possible. At the start of the 
test, the brake shoes shall be adjusted 
concentric with the brake assembly axis 
to provide a diametral clearance of 
0.080 in. between the shoes and drums 
(0.040 in, clearance on each side). The 
equipment shown in Fig, 5 has been 
found satisfactory. 

Test Specimens 

22. One primary cup and one sec- 
ondary cup shall be selected for test 
specimens (see Section 11 (b)). 

Procedure 

23. (a) The specimens shall be wiped 
with an alcohol-saturated lint-free cloth 
to remove dirt and packing debris, and 
then examined and the general con- 
dition recorded. 

(b) The specimens and master cylinder 
internal parts shall be dipped in the 
specified test fluid and the cylinder walls 
coated with the specified test fluid before 
assembly. 

(c) The durometer hardness of the 
specimens shall be determined in ac- 
cordance with Section 30. 

{d) The master cylinder (Note) as- 
sembly shall be installed in an oven and 
operated for 150,000 strokes at a rate of 
1000 zt. 100 strokes, per .hour, and at a 
temperature 158 ± 2 F. The equipment 
shown in Figs. 3, 4, and 5 has been found 
satisfactory... . . 


Note. — master cylinder shall not be used 
for more than one test. 

(e) After this test the specimens shall 
be removed from the cylinders, wiped 
with an alcohol-saturated lint-free cloth 
and cooled for 30 min. on a wooden table 
top. The durometer hardness shall then 
be determined in accordance with Section 
30 and a thorough inspection made of 
the cup condition. 

Low- T emperature T est 

Apparatus 

24. Cold Chamber , — The chamber in 
which the test specimens are exposed to 
the low temperature shall be of sufl5.cient 
size to contain the leakage apparatus 
loaded with specimens and so arranged 
as to permit the operator to check and 
operate the apparatus without removal 
from the chamber. It shall be capable 
of maintaining a uniform atmosphere of 
cold dry air within the specified tempera- 
ture range of —40 to —45 F. The 
equipment shown in Fig. 6 has been 
found satisfactory. 

Test Specimens 

25. Three wheel cylinder cups, two 
primary cups, and two secondary master 
cylinder cups shall be selected as test 
specimens. 

Procedure 

26. (a) The specimens shall be wiped 
with an alcohol-saturated lint-free cloth 
to remove dirt and packing debris. 

{b) Hardness Test: 

{1) The durometer hardness shall be 
determined in accordance with Sec- 
tion 30. 

(2) One wheel cylinder cup, one pri- 
mary cup and one secondary master 
cylinder cup shall be placed in the cold 
box for 120 hr. at —40 to —45 F. The 
durometer and the test jig shall also be 
subjected to the same temperature for 
the last J hr, of the 120-hr. period. 
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■ (2) The' specimens shall be • wiped 
elean with an alcohol-saturated lint-free 
cloth, and assembled; in the system, 
which has previonsly been conditioned 
as prescribed in Section 23 (&). The 
system shall then be filled with the 
specified test fluid and the air bled from 
the system. 

(3) The complete system shall be en- 
closed in a cold chamber equipped with 
a glass door for observation and sub- 
jected to a temperature of —40 to — 45F. 



Fig. 6— Leakage Apparatus Used in Low-Temperature Test. 

through an angle of approximately 90 for a period of 120 hr. During this 
deg. and released immediately. The period no leakage of fluid past the cups 
cold cups shall be bent while in the shall occur. 

chamber and shall be handled with (4) The master cylinder piston shall 

gloves to prevent heating from the then be operated at an approximate rate 
fingers. of one stroke per minute at a pressure of 

(d) Leakage Test :-""' 500 psi. The piston shall return to the 
(i) The apparatus shall consist of a piston stop after each stroke. After 
master cylinder and a wheel cylinder so 12 piston strokes there shall be no evi- 
connected that their operation simulates dence of fluid leakage past the cups, 

the brake system in actual service. The (5) The operation described in Item 

apparatus shown in Fig. 6 has been found (4) shall be repeated at a pressure of 
satisfactory. 1000 psi. 


While the apparatus is in the cold cham- , 
ber and the specimen is at a' temperature 
of —40 to —45 F. the durometer hard- 
ness shall be determined in accordance 
with Section 30. 

Note. — I t is necessary to store the durometer 
used in the cold test in a desiccator for a period 
of at least 1 hr. befoi'e and 1 hr. after use in 
the cold box to keep it free of moisture, 

(c) Bend After an exposure for 

120 hr. at —40 to —45 F., the cups shall 
be bent between the thumb and finger 
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Aging Test 

Test Specimens 

; : :27. Two Clips shall be selected as test 
specimens. 

Procedure 

28. (a). The specimens shall be wiped 
with an alcohol-saturated lint-free cloth 
to remove dirt and packing debris. 


min. on a ' wooden table top to . room 

temperature. 

{e) The durometer hardness after ag- 
ing shall be determined in accordance 
with Section 30 and the specimens visu- 
ally inspected. 

Durometer Hardness , 

Apparatus 

29. {a) ■ Durometer. — A durometer j 



Fig. 7. — ^Apparatus for Measuring Durometer Hardness, 


(6) The original durometer hardness 
shall be determined in accordance with 
Section 30. 

{c) The two test specimens shall be 
placed in a circulation air oven as 
prescribed in A.S.T.M. .Method D 573 
and held for 70 hr. .at .158 .=fc 2 F. 

(d) At the termination of the heating 
period, the specimens shall be removed 
from the oven and allowed to cool for 30 


type A, which shall be calibrated as 
described in the Tentative Method of 
Test for Identation of Rubber by Means 
of the Durometer (A.S.T.M. Designa- 
tion: D 676). ^ 

{h) Fixture. — Fixture, as shown in 
Fig. 7, for holding the durometer and 

anvil. 

{c) Amil . — Rubber anvil, as shown in 
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Fig, 7, haviiig ■ a durometer hardness of 
46-to 48. 

Procedure' 

30. The durometer hardness of the 
specimen shall be determined using the 
apparatus as illustrated in Fig. 7. The 
anvil of the durometer when resting on 
the specimen shall be level with the 
inden tor point contacting the specimen 
at the position shown in Fig. 7. The 
durometer shall not be pressed against 


the specimen harder than is necessary to 
make contact between the rubber and 
the entire face of the durometer anvil.: 
The immediate reading of the durometer 
hardness shall be used. The same 
operator shall make all hardness de- 
terminations for any one test. 

Note. — S ince small variations in the pres- 
sure of application of the durometer produce 
considerable variation in results, it is recom- 
mended that the above instructions be rigidly 
adhered to. 



Tentative Methods of 
TESTING RUBBER HOSE^ 



A.S.T.M. Designation: D 380 - 46 T 
IsstTED, 1937; Revised, 1938, 1939, 1940, 1946* 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods are intended for use 
in the examination and test of all types 
and constructions of rubber hose. The 
term ^Tubber” as used in these methods 
includes synthetic compounds as well 
as compounds of natural rubber. 

General Methods 

2. (a) Except as otherwise specified in 
these methods for rubber hose, the fol- 
lowing methods of test of the American 
Society for Testing Materials, applicable 
in general to vulcanized rubber, shall be 
complied with as required and are hereby 
made a part of these methods: 

General Physical Test Require- 
Standard Methods of Sample 
Preparation for Physical Testing of 
Rubber Products (A.S.T.M. Designa- 
tion: D 15).® 

Tension Test . — Standard Methods 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-ll on Rubber and Rubber-Like Materials. 

a Latest revision accepted by the Administrative Com- 
mittee on Standards, September 9, 1946. 

Prior to their present publication as tentative these 
methods were published as tentative from 1933 to 1936. 
They were adopted in 1936, published as standard from 
1936 to 1937, but withdrawn, combined with the Standard 
Methods of Test for Rubber Hose— Braided Construction 
(D 379 - 36) and republished as tentative in 1937. 

® Appears in thi s publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


of Tension Testing of Vulcanized Rub- 
ber (A.S.T.M. Designation: D 412).® 
Aging Test . — Standard Method of 
Test for Accelerated Aging of Vulcan- 
ized Rubber by the Oxygen-Pressure 
Method (A.S.T.M. Designation: D 
572)® and Standard Method of Test for 
Accelerated Aging of Vulcanized Rub- 
ber by the Oven Method (A.S.T.M. 
Designation: D 573).® 

Adhesion Test . — Standard Methods 
of Test for Adhesion of Vulcanized 
Rubber (Friction Test) (A.S.T.M. 
Designation: D 413).® 

{h) In case of conflict between the 
provisions of these methods and those 
of detailed specifications or methods of 
test for a particular hose, the latter 
shall take precedence. 

Sampling 

3. {a) A sample of sufficient length 
for proper performance of the required 
tests shall be cut from the hose when 
possible without impairing its use and 
the pieces of hose from which samples 
have thus been cut shall be accepted by 
the purchaser as full length, provided 
the hose meets the specified require- 
ments. In general, the amount required 
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and the frequency of sampling for each, 
size and type of hose shal be one SO-in,' 
sample from each 500 ft. or fraction 
thereof of ^hose over IJ in. in nominal 
diameter, ' and one 36“’in. sample from ■ 
each 500 ft. or fraction thereof of hose 
in. : or , under in nominal diameter. 

(J) W the construction of the 
hose does not permit the cutting of 
samples as described in Paragraph (a) 
without impairment of use, as in wire 
inserted hose, dredging sleeves, etc., 
a separate length having the same speci- 
fications shall be provided, either as an 
additional length or as a prolongation 
built on to the hose. Wire shall be 
omitted from the prolongation or sam- 
ple length unless the detailed physical 
tests include requirements that measure 
the effect of the wire or metal elements 
in the construction. Additional lengths 
taken for purpose of tests shall be paid 
for by the purchaser, provided they con- 
form to the specified requirements. 

(c) The sampling of cotton-jacketed 
rubber-lined hose shall be in accordance 
with detailed specifications for this 
material. 

Measurements of Hose 

4. (a) Lengtk—The length shall be 
determined by means of a steel tape or 
calibrated measuring device and shaE 
not include the length of fittings except 
when specifically so requested and re- 
corded. In the case of cotton-jacketed 
rubber-lined hose, the length shall be 
determined under a 10-lb. internal pres- 
sure. 

(&) Outside Diameter , — The outside 
diameter shall be determined by calcula- 
tion from measurement of the outside 
circumference. A tape graduated to 
read the diameter directly may be used. 

(c) Inside Diameter.— Hht inside 
diameter shaU be measured with a plug 
gage except that on hose larger than 3 in. 


in nominal diameter, a steel scale or 
caliper may be used. ■ 

TMcImess of Tube, Cover or Other 

Rubber Elements 

5. {a) The thickness of. a rubber 
element from any type of hose except 
cotton rubber-lined fire hose shall be 
determined by means of a standard 
micrometer graduated to thousandths of 
an inch and having a presser foot 
0.25 ± 0.01 in. in diameter, exerting 
under dead-weight load a total force of 
3 zk 0.1 oz. In the case of cotton rubber- 
lined fire hose, a spring gage micrometer 
provided with a presser foot 0.375 ± 
0.01 in. in diameter, exerting a total 
force of 2.1 oz. (60 g. ±: 0.1 oz.) shall be 
used. 

(b) A rubber element adjoining a braid 
or helical wound reinforcing member of 
any material shall have the thickness 
taken as the average between two meas- 
urements of thickness, one of which 
shall be obtained using the unbuffed 
specimen and the other using a speci- 
men which is buffed just sufficiently 
to remove the braid or helical corruga- 
tions. 

(c) A rubber element adjoining a 
seamless woven jacket of any material 
shall have the thickness taken on a 
specimen which is buffed just sufficiently 
to remove the corrugations caused by 
the woven jacket. Where backing is 
used on a rubber element, the backing 
shaE be removed before thickness meas- 
urements are taken. 

(d) A rubber element adjoining flexi- 
ble metal convoluted Uning shaE have 
the thickness determined at the vaEeys 
formed by the tops of the metal convolu- 
tions. The opposite side of the rubber 
element, adjacent to other reinforcing 
members, shall be prepared for thickness 
measurement as specified in the other 
paragraphs of this section, depending 
upon the type of reinforcing niember. 
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I (e) A rubber element adjoining rein- 
I forcing fabric .woven prior,' to assembly 
I in the hose, shall have the; thickness 
I determined on, a specimen which is 
I tmbuffed. 

! 

Test Conditions . 

i 6. The temperature of the testing room 
shall be between 70 and 90 F. (21 and 
I 32 C.)- ,, ,The samples to be tested shall 
be kept in this room for at least 30 min. 
previous to the time of testing. 

I Number of Tests 

,i 7. id) When minimum requirements 
1 . are established, one specimen shall be 
.i tested for each physical characteristic 
required in the detailed specifications for 
j a particular hose except in the immersion 
I tests given in Sections 22 to 25, inclusive. 

If the results do not meet the specified 
I requirements, two additional specimens 
shall be prepared from the original 
sample and tested. Should the results 
of either of these tests be below the 
specified requirements, the sample shall 
be considered to have failed to meet the 
I specifications. 

■ (b) If minimum requirements are not 
estal3lished, at least three specimens 

j shall be tested and the results averaged. 

I Tensile Strength and Elongation of 
! Rubbe,r 

! Apparatus ^ 

8. (a) Testing Machine. — Tensile 

strength and elongation tests shall be 
made on apparatus the error of which 
does not exceed plus or minus 1 per cent, 
and provided with an accurate device 
f for indicating the actual maximum load 
; at rupture. The preferred type of ap- 
paratus is a power-driven machine of the 

■ inclination-balance or pendulum type, 
but a spring balance accurately cal- 
ibrated may be used. 

j (b) Grips for Testing.— The grips for 
holding the test specimen shall be such 


that they tighten automatically, exert- 
ing a uniform pressure, proportional 'to 
the applied tension, across; the full width, 
of the enlarged end of the test^ specimen.- 
The 'moving grip shall move at a con- 
stant speed of 20 in. per min. 

Test Specimens 

9. (a) Separation of Rubber Parts.— 
Sufficient length shall be cut from the 
hose sample to provide longitudinal 
tension test specimens from hose IJ 
in. and under in nominal diameter and 
transverse test specimens on larger 
sizes. The rubber parts to be tested 
shall be separated from the balance of 
the hose without the use of gasoline, if 
possible. If it is necessary to employ 
gasoline to effect the separation, it shall 
be straight run gasoline of the quality 
known as aviation grade and shall have 
the following characteristics : 


Speci/ic gravity at 60/60 F 0.685 to 0.705 

Distillation limits: 

Initial boiling point 100 to 120 F. 

10 per cent evaporated 128 to 143 F. 

20 per cent evaporated 140 to 155 F. 

v30 per cent evaporated 150 to 164 F. 

40 per cent evaporated 156 to 174 F. 

50 per cent evaporated 164 to 184 F. 

60 per cent evaporated 173 to 194 F, 

70 per cent evaporated 182 to 207 F. 

80 per cent evaporated 193 to 223 F. 

90 per cent evaporated 209 to 245 F. 

95 per cent evaporated 224 to 260 F. 

Dry. 250 to 286 F. 

Recovery, min 97 per cent 


The gasoline shall contain no lead compounds 
and shall not leave an appreciable amount 
of oily residue when evaporated. 

After use of gasoline, the test specimen 
shall be allowed to rest at least 1 hr. 
before being tested. 

(b) Preparation of Specimen. —The 
test specimen shall be stamped out from 
the separated rubber part with dies 
conforming to Fig. 1 A, or C. Die 
B shall be used when the size of the 
sample and the tension and stretch limits 
of the testing machine permit, with ex- 
ceptions as explained below. If the ten- 
sion limit is too low for the machine, 
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Die A 'sHall be used. If the stretch is 
too high for the machine, Die C shall be 
used. Die C shall also be used for sam- 
ples which are too small for Die A or B. 
In no case shall the thickness of the test 
specimen exceed | in. or fall below ^ in. 
Should it be impossible to obtain test 
samples having a buffed thickness of 
in, or greater, the manufacturer may be 
requested to furnish a sample of the 
cured rubber taken from the same lot of 
rubber as the hose was made from and 



Die C 

Fig. 1. — Tensile Strength and Elongation Test 
Specimens. 


having a cure equivalent to that to which 
the hose was subjected. This sample 
shall be approximately 6 in. iii length, 
and 0.070 to 0.080 in. in thickness, and 
at least 1 in. in width, and shall be 
buffed lightly on both sides before the 
tension test is made. All test specimens, 
taken either from the hose or from sheets 
of rubber representing the component 
parts of the hose, shall be free from 
marked irregularities of thickness. 

(c) Buffing — The specimm shall be 
buffed, but only to the extent necessary 
to remove surface corrugations, irregu- 
larities, or excess thickness, and to in- 


sure smooth ■ faces. BufiSng shall be 
done without excessive heating and the 
test specimen shall be allowed to rest 
after buffing for at least 10 min. before 
being tested. 

(d) Marking , — Parallel gage lines 1 
or 2 in. apart, depending upon the die 
used, shall be marked on the test speci- 
men at right angles to the longitudinal 
axis by means of an accurate stamp or 
bench marker. Care shall be taken to 
make fine lines and to avoid injuring the 
specimen. 

{e) Measurement of Test Specimen,— 
The thickness of the test specimen shall 
be the minimum thickness found be- 
tween the marks on the constricted por- 
tion, using the standard micrometer 
described in Section 5 (a). 

Procedure 

10. {a) The test specimen shall be 
placed in the jaws. The jaws shall be 
separated at the specified rate of speed 
until rupture takes place. The distance 
between the centers of the gage marks 
noted at the instant of rupture shall be 
measured using a rule or tape graduated 
to eighths of an inch or smaller divisions. 

{h) Test specimens that break outside 
of the gage marks or are found to be 
imperfect shall be discarded and retests 
shall be made. 

Calculations 

11. {a) The tensile strength in pounds 
per square inch shall be calculated from 
the breaking load indicated by the ma- 
chine and the original cross-sectional 
dimensions of the test specimen. 

(6) The elongation shall be the dif- 
ference between the original gage length 
and the total distance between the gage 
marks at the time of rupture as meas- 
ured in Section 10 (a) and shall be 
expressed as a percentage of the original 
gage length. 
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Permanent Set^ 

Pematteiit Set Test 

12. The specimen for the permanent 
set test shall be prepared as for de- 
termining tensile strength (Section 9) 
and placed in a suitable stretching' 
device. The grips shall conform to the 
requirements specified in Section 8 (6). 
The specimen shall be stretched to an 
amount equal to three fourths of the 
ultimate elongation specified, held for 2 
min., released, and the distance between 
the centers of the gage marks measured 
at the expiration of 2 min. The dif- 
ference between this measurement and 
the original gage length divided by the 
original gage length and expressed as a 
percentage shall be recorded as the 
permanent set. If no ultimate elonga- 
tion is specified, the specimen shall be 
stretched an amount equal to three 
fourths of the elongation determined 
under Section 10. 

Adhesion Tests 
Test Specimens 

13. (a) From co tton- jacketed rubber- 
lined hose, adhesion test specimens shall 
be cut transversely from the samples in 
rings 2 in. in width. These rings shall 
then be opened at the lap and laid out 
flat so as to give rectangular specimens 
of length equal to the full circumference 
of the hose. On each specimen a central 
strip of lining 1| in. in width shall be cut 
accurately, the cut extending through 
the lining but not entirely through the 
cotton jacket. These strips shall be 
separated from the jacket at one end for 
a distance of about If in. 

(6) From other types of hose, the 
adhesion test specimens shall be cut 
transversely from the samples in rings 1 

4 The amount of permanent set is considered by many 
rubber technologists as having no relation to the service 
value of rubber compounds except for some specialized 
requirements. The permanen t se t test is , therefore, not 
recommended for general use 


in. in width using a sharp tool which will 
leave clean^ edges. On hose i to 4 in., 
inclusive, in internal diameter the sped-' 
mens shall be tested in ring form, and' 
shall be referred to as Ting specimens.’^ 
For hose over 4 in. in internal diameter 
the rings shall be cut through at the 
point where the outside ply of fabric 
ends, and opened to form strips which 
shall be referred to as “strip specimens,'^^ 

(c) Adhesion specimens from hose 
less than J in. in internal diameter 
shall be cut longitudinally from the 
hose. Since the width of these speci- 
mens will be less than 1 in., the adhesion 
shall be determined on the contact width 
of the test specimen. 

(d) In hose constructions having 
braided wire or woven wire filler rein- 
forcing members, it is impracticable to 
prepare adhesion test specimens except 
for determining cover adhesion. 

Procedure 

14. (a) Ring Specimens.— The ring 
specimen shall be placed on a mandrel 
having a diameter equal to the nominal 
diameter of the hose. The parts to be 
tested shall be separated sufficiently by 
hand to permit attaching the jaws of a 
testing clamp. With the mandrel sup- 
ported so that it may revolve freely with 
minimum friction, the prescribed weight 
shall be attached to the clamp with 
suitable provision for supporting and 
releasing it slowly without jerking. 
The average rate of separation shall not 
exceed 1 in. per min. The separation 
shall be noted for a period of 4 min., 
unless the small size of the specimen 
makes a shorter period necessary. 

(b) Strip Specimens — The various 
parts to be tested shall be separated at 
one end of the strip specimen a sufficient 
distance to permit attaching the jaws 
of the testing clamp . The strip specimen 
shall be suspended by the separated end, 
all separate parts of which, except th^ 
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one mder testj shaE be clamped in the' 
jaws of the testing clamp. ' A mmimum- 
weight sufficient to maintain the strip- 
specimen in , approximately a vertical 
position shaE be attached to the lower 
end of the test specimen, or the specimen 
may be held against a vertical plate in 
such a manner as to hold the specimen 
in approximately a vertical position 
during the test. The specified weight 
shall be applied to the separated end 
with suitable provision for releasing ' it- 
slowly without jerking. The average 
rate of separation shall not exceed 1 in. 
per min. The separation shall be noted 
for a period of 4 min. 

(c) Report— TheYBlneoi the adhesion 
shall be reported as average inches of 
separation per minute under a stated 
weight. 

Hydrostatic Tests 
Types of Tests 

15. Hydrostatic tests of hose consist 
of subjecting the specimen to the action 
of internal water pressure under specified 
conditions to determine either the burst- 
ing strength of the hose or the effect 
of lower hydrostatic pressures in produc- 
ing changes similar to those occurring 
in service. In the latter case, the test 
may be used as an inspection proof test 
with a minimum safe limit. Bursting 
strength is determined on short speci- 
mens cut from the fuU hose lengths, but 
in tests for service effects and for proof 
inspection, the full lengths are used as 
specimens. The specimens may be 
tested, as required, in straight, curved 
or kinked positions, depending upon the 
stresses which are desired to be 
evaluated. 

AppEcation of Hydrostatic Pressure 

16. Hydrostatic pressure shall be ap- 
plied by means of a hand or power-driven 
hydrauEc pump or an accumulator 
system. The hose shall be connected 


, to the water line or pump and filed with 
water prior to application of pressure, 
allowing all air in the hose to escape 
through a petcock provided for the 
purpose. This is important as a safety 
measure because expansion of air com- 
pressed in the hose, when suddenly 
released • by bursting or other failure, 
might result in serious accident. The 
petcock shall then be closed and the 
pressure shaE be applied at a uniform 
rate of increase of approximately 1000 
psi. per min., except for hose with burst- 
ing strength specified above 2000 psi., 
in which case the pressure shall be 
applied at a rate of 10,000 psi. per min. 
or as rapidly as pump capacity will 
permit. Pressure shall be measured 
with a calibrated gage. 

Note. — T he specified rate of 1000 psi. per 
min. requires too much time for small-diameter 
high-strength hose, such as hydraulic brake 
hose, wire reinforced grease gun hose, etc. 
With l-in. hydraulic brake hose, pressure in- 
creases at rates as high as 40,000 psi, per min. 
are satisfactory. 

Bursting Tests 

17. (a) Straight Bursting Test — The 
specimen for the hydrostatic test for 
bursting strength shall be at least 18 in. 
in length for hose 3 in. and smaller in 
inside diameter, and at least 24 in. in 
length for larger hose. The pressure 
shall be raised as specified in Section 16 
until failure, and the pressure at which 
failure occurs shall be considered the 
bursting strength of the hose. 

(b) Curved Bursting Tesl.—The curved 
bursting strength test for cotton rubber- 
lined fire hose shall be made in accord- 
ance with Paragraph (a), except that 
the hose shall be firmly secured at both 
ends to a suitable test frame which is 
curved to a radius of 27 in, 

(c) Hold Test— When a hold test is 
specified instead of a bursting test, 
pressure shall be applied as specified in 
Section 16 until the required pressure is 
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reached. The' specimen shall withstand 
the specified pressure . for a 10-min. 
period without bursting, leaking, or 
developing other defects. Specimens 
which have been subjected to this test 
shall not' be considered fit for service. 

Hydrostatic Pressure Tests 

18. (a) When tests for elongation, 
contraction, twist, warp, rise, and expan- 
sion are ^ required, the hose shall be 
stretched out straight for inspection, and 
a pressure of 10 psi. applied. All 
original observations and measurements 
shall be taken at this pressure. The 
designated test pressure shall be applied 
at the rate specified in Section 16 without 
releasing the original pressure of 10 psi. 
and final measurements taken. The 
test pressure shall not be applied longer 
than 5 sec. 

(b) Proof Pressure Tests, — When 
proof pressure tests to determine leakage 
of hose or couplings are required, the 
proof pressure shall be applied as in Sec- 
tion 16, and held 1 min. The proof 
pressure shall not exceed 40 per cent of 
the specified minimum bursting strength. 

(r) Kink Tests, — When kink tests are 
required, each length of hose selected 
shall be filled with water with the pet- 
cock open to allow all air to escape. The 
petcock shall then be closed and the hose 
shall be kinked at one end 18 in. from 
the coupling by tying the coupling back 
against the hose so that there will be a 
sharp kink. The pressure shall then be 
raised as specified in Section 16 to the 
required pressure and immediately re- 
leased. 

Steam Tests 
Types of Test 

19. (a) Steam tests of hose consist of 
subjecting test specimens having pre- 
viously determined physical properties 
to the Rction ' of steam under controlled 


conditions for known periods after which 
the physical properties are again meas- 
ured and the changes noted. Two types 
of test that differ in the manner in which 
the specimens are exposed to the action 
of the steam are covered, as follows: 

Rack Method. — The steam is in con- 
tact only with the interior of the hose.; 

Digester Method, — The specimen is 
entirely surrounded by steam. ; 

The choice of type of test to be used 
fora given hose sample depends on the 
kind of service being evaluated. 

(5) Tensile strength and ultimate 
elongation of the rubber parts and 
strength of adhesion are the physical 
properties used in addition to visual and 
manual inspection for evaluating the 
effect of the steam. These shall be 
determined in accordance with Sections 8 
to 11, inclusive, and Sections 13 and 14. 

Rack Method 

20. {a) Apparatus, — Two fixed hori- 
zontal steam headers having suitable 
connections for attaching specimens shall 
be placed one above the other at such 
distance that the specimens will Just fit 
between the connections in a vertical 
position without distortion. Dry satu- 
rated steam at the required pressure 
shall be supplied to the specimens 
through the upper header which shall be 
equipped with a pressure regulating 
valve, a recording gage, and suitable 
indicating gages. The lower header 
shall be connected to a steam trap. 
Shutoff valves shall be provided at each 
opening in each header. 

(6) Test Specimen,--Th.t test speci- 
men shall be a piece of the hose sample 
cut to length as required by the appa- 
ratus except that the length shall be 
not less than 16 nor more than 24 in. 

(c) Procedure.— For ' determining the 
physical properties before steaming,* a 
portion of the hose sample not required 
for the rack test' shall be used. 'The 
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specimen for steaming shall be mounted 
in the apparatus and subjected to inter- 
nal steam pressure of 75 ± 2 psi. for 
7 hr. on each of two successive days, the 
steam being turned off and the hose 
allowed to cool during the i7-hr. inter- 
mediate interval. After the second 
steaming period, the hose shall be re- 
moved from the apparatus, allowed to 
cool, and held under laboratory atmos- 
pheric conditions for not less than 12 hr. 
nor more than 48 hr. after which the 
physical properties after steaming shall 
be determined. 

Digester Method 

21. (a) Apparatus. — A suitable pres- 
sure vessel having a steam inlet with a 
regulating valve and a condensate outlet 
through a steam trap shall be provided. 
The vessel shall have a petcock air vent 
for escape of trapped air at the beginning 
of the test and shall be equipped with a 
recording thermometer or pressure gage. 
A perforated metal or wire frame shall 
be provided for holding the specimens at 
least 6 in. above the condensate outlet, 

(&) Test Specimen. — The test speci- 
men shall be a piece of the hose sample 
cut to such length that all test specimens 
for physical properties can be obtained 
after discarding at least 2 in. at each end. 

(c) Procedure. — For determining the 
physical properties before steaming, a 
portion of the hose sample not required 
for the digester test shall be used. The 
specimen for steaming shall be placed in 
the digester and surrounded by dry satu- 
rated steam at a pressure of 45 ± 3 psi. 
for 48 hr. continuously. At the conclu- 
sion of this period, the pressure in the 
digester shall be released, the hose re- 
moved and examination made at once 
for blistering of the inner tube or cover or 
loosening of the tube from the fabric. 
The. specimen shall be allowed to cool 
and to rest under laboratory atmospheric 
conditions not less than 12 nor more than 


48 hr. after which the physical properties 
after steaming shall be determined. 

' Immersion Tests for Swell and 
Deterioration of Hose Used 
FOR Petroleum Products 

Types of Test 

■ 22, Immersion tests for evaluating the 
swelling and deteriorating effects of pe- 
troleum products on rubber hose consist 
of subjecting suitable test specimens 
from the rubber portion having known 
physical properties to the action of 
selected solvents by immersing the speci- 
mens completely in solvent under con- 
trolled conditions for definite periods, 
after which the physical properties are 
again determined and the changes noted. 
Two types of test are covered, as follows: 

Swelling Test. — This type involves 
measurement of the change in volume 
of the rubber caused by the swelling 
action of the solvent. 

Strength Deterioration Test. — In this 
type the change in strength is measured. 
Alternative procedures using different 
solvents are given. 

In any of the immersion tests, the 
choice of method and solvent depends 
upon the nature of the actual service and 
the petroleum product w’hich is there 
being used. 

Gasoline Immersion Swelling Test 

23. (a) Test Specimens. — The test 
specimens shall be rectangular rubber 
blocks 2 by 1 in. having a thickness not 
over fg- in. They shall be cut from the 
hose and buffed on both faces only to the 
extent necessary to insure smoothly 
buffed faces, except when the material is 
too thick, in which case the buffing shall 
be sufficient to reduce the specimens to 
in. Three specimens shall be used 
for each test and the results averaged. 

(6) Procedure.— Tilt volume of each 
test specimen shall be measured by the 
water displacement method in which the 
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specimeii is accurately weighed to the 
nearest milligram in air {W^ and in dis- 
tilled water (PFs) at room temperature. 
When weighing in water, care shall be 
taken that the specimen is free from 
adhering air bubbles and, if necessary, it 
'may first be wetted by being dipped in 
95 per cent ethyl alcohol and thoroughly 
rinsed with distilled water. After weigh- 
ing, the specimen shall be blotted dry 
with filter paper, completely immersed 
in gasoline, and allowed to stand for 
24 hr. at room temperature. The gaso- 
line used shall be straight run aviation 
grade as described in Section 9 (a). 
Excessive evaporation may be avoided 
by fitting the container loosely with a 
cork stopper. At the termination of the 
immersion period, the specimen shall be 
removed from the gasoline, dipped in 95 
per cent ethyl alcohol, blotted lightly 
with filter paper, and placed in a tared 
weighing bottle and weighed (PFs). It 
shall then be removed from the bottle 
and weighed (174) in distilled water in 
immediate consecutive procedure to de- 
termine the water displacement after 
test. The final weighing shall be com- 
pleted within 5 min. after removal from 
the gasoline. 

(c) Calculation . — The percentage in- 
crease in volume shall be calculated as 
follows: 


Percentage increase in volume = 


“• W d - (Wi - W2 ) 
(W; - WO 


X 100 


Kerosine-Benzol Immersion Strength 

Deterioration Test 

24. (a) Test Specimens . — Six dumb- 
bell-shaped test specimens, prepared as 
described in Section 9, will be required. 
Both faces of the dumbbell ends shall be 
buffed. 

{h) Apparatus —Tht apparatus, in 
which the specimen is subjected to the 


action of the solvent, shall consist of a 
glass container fitted tightly with a cork 
stopper and an efficient reflux condenser. 
The specimen shall be supported at least 
\ in. from the bottom of the tube by 
means of a wire screen or similar device. 

(c) Kerosine . — The kerosine shall be 
of a grade conforming to the following 
requirements: 



A.S.T.M. ^ 



Test 

Method** 

Limit 

Burning quality test, hr 

D187 

16 

min. 

Flash point, deg. Fahr 

DS6 

115 

min. 

End point, deg. Cent 

D 86 

330 

max. 

Cloud point, deg. Fahr.. 

D 97 

5 

max. 

Sulfur, per cent.. 

D 90 

0.13 

max. 

Color, Saybolt number. 

D 156 

•+16 

min. 


" These designations refer to the following methods of 
the American Society for Testing Materials: 

Standard Method of Test for Burning Quality of 
Kerosine Oils (A.S.T.M. Designation: D 187),*' 

Standard Method of Test for Flash Point by Means of 
the Tag Closed Tester (A S.T.M. Designation: D Se),*** 
Standard Method of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation; D 86),8 

Standard Method of Test for Cloud and Pour Points 
(A.S.T.M, Designation: D 97),^ 

Tentative Method of Test for Sulfur in Petroleum Oils 
by Lamp Method (A.S.T.M. Designation: D 90)d and 
Standard Method of Test for Color of Refined Petro- 
leum Oil by Means of Saybolt Chromometer (A.S.T.M. 
Designation: D 1563.-^ 


(J) Benzol . — The benzol shall be a 
pure, water white grade, free from sus- 
pended matter and conforming to the 
following requirements: 


Specific gravity at 60/60 F.. . . 0.875 to 0.886 

Distillation limits: 

Initial boiling point 168 to 172 F. 

95 per cent evaporated ... 1 74 F., max. , 

Dry 176 F., max. 

Recovery 98 per cent, min. 


(e) Procedure . — Three specimens shall 
be tested for tensile strength and elonga- 
tion in accordance with Section 10 and 
the results averaged to give the proper- 
ties of the rubber before immersion. 
The remaining three specimens shall be 
placed in the immersion apparatus and 
completely surrounded by solvent con- 
sisting of 85 per cent kerosine and 15 
per cent benzol. With the reflux con- 
denser in place the apparatus containing 


5 1946 Book of A.S.T.M, Standards, Part IH-A, 
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the specimen shall then be maintained 
at a temperature of 135 to 140 F. (57 to 
;60 C.) for 48 hr. ■ Use of a thermostat!-- 
cally controlled liquid bath is recom- 
mended* At the end of this period, the 
specimens shall be removed, dipped once 
in acetone at room temperature, and 
blotted lightly with filter paper. The 
specimens shall then be suspended or 
placed on a screen and allowed to dry at 
room temperature in air protected from 
drafts for 4 hr*, after which the tensile 
strength and elongation after immersion 
shall be determined as before, except that 
the measurements for cross-sectional 
area and test length between bench 
marks shall be taken after immersion and 
drying. The deterioration shown by the 
difference between the determinations 
before and after immersion shall be ex- 
pressed as a percentage of the original 
property. 

Oil Immersion Strength Deteriora- 
tion Test 

25. This determination shall be made 
exactly as in the case of the kerosine- 
benzol test described in Section 24, ex- 
cept that the temperature during immer- 
sion shall be maintained at 200 ± 2 F. 
(93 db 1 C.) for 48 hr. and the solvent 
shall be a neutral, pale, paraffin-base oil. 
The oil shall be yellow in color with blue 
fluorescence, free from turbidity, and 
shall conform to the following require- 
'.ments: 


A,S.T.M. Mini- Maxi- 
^ Test , .. Method® mum . mum 

Specific gravity, per cent. . ... ..... 0.878 , 0.882 

Flash pomt^ deg. Fahr. ...... D 92 330 340 

Saybolt Universal Viscosity 
at 122 F., sec. D 88 61 66 


® These designations refer to the following methods of 
the American Society for Testing Materials: 

Standard Method of Test for Flash and Fire Points by 
Means of Open Cup CA.S.T.M. Designation: D 92), s 

Standard Method of Test for Viscosity by Means of 
the Saybolt Viscosimeter (A.S.T.M. Designation; D 88) .s 

Inspection and Rejection 
Inspection 

■ 26. ■ (a) All tests and inspection shall 
be made at the place of manufacture 
prior to shipment, unless otherwise speci- 
fied. The manufacturer shall afford the 
inspector, without charge, all reason- 
able facilities to test and inspect the 
hose. 

(Z>) The purchaser may make the tests 
and inspection to govern the acceptance 
or rejection of the material in his own 
laboratory or elsewhere. Such tests and 
inspection shall be made at the expense 
of the purchaser not later than 60 days 
after receipt of the material. 

Retests and Rejection 

27. (a) Any material that fails in 
one or more tests may be resampled and 
retested at the expense of the manufac- 
turer. For this purpose two additional 
samples shall be selected from the hose 
for this test that failed to meet the 
requirements. Failure of either of the 
retested samples shall be cause for final 
rejection. 

(b) Rejected material shall be dis- 
posed of as directed by the manufac- 
turer and at his expense. 



Tentative Methods of 

TESTING AUTOMOTIVE AIR BRAKE AND VACUUM 

BRAKE HOSE* 



A..S,T.M* Besigaation; 622 ~ 44 T 
Issued, 1941; Revised, 1944.^ 

These Icniative ^Ictliods have been approved by the sponsoring com- 
mittee and, acce])ted by the Society in accordance with established proce- 
dures, lor use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope . 

1. .These .methods are intended for 
use in, testing the conventional types or 
hose employed for the operation of air- 
brake and vacuum brake system,s, either 
on a single .motor vehicle or as .connect- 
ing or transmission lines in a combina- 
tion of vehicles. The hose may be as- 
sembled .with suitable metal end fittings 
.or may be as fabricated for use with de- ■ 
tachable fittings. The term “rubber’^' 
as used in these, methods includes syn- 
thetic compounds as well .as compounds 
of natural rubber. These methods- do 
not include deterniinatioiis of tensile 
strength and elongation of' rubber com- 

' pounds, since, .the .characteristics .of 
these are considered to be adequately 
covered by the other physical, tests. ' ■ 

General Methods 

2, {a) The special tests described in 
these methods shall -be applied as re- 

1 -Under the standardissation procedure of . the Sodety, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D- 11 on. Rubber and Rubber-Like Materials. 

* Revision accepted by the Society at annual meeting, 
June,. 1944. ' 


■ quired by ., de,ta.iled .specifications -for 
these types of hose. Otherwise, the 
general methods in » the Tentative Metli-. 

■ ods of Testing Rubber Hose (A.S.T.M. 
Designation: D 380) of the American 
Society for Testing Materials^ shall be 
used and are hereby made a part of these 
methods. 

(J) ■ In case of conflict between' the 
provisions of these methods and ■ those 
of detailed . specifications or .methods of 
test for -a particular hose, the latter shall 
take precedence. 

Sampling ■ ' 

--S. {a) One representative .. sample- of 
each lot to be tested shall be taken. 
The total length of hose required for .all 
tests is as follows : 

Air ' brake hose . . . . , ...... approximately' 6 ft. 

Vacuum brake hose ...... .approximately 10 ft. 

(&) Each test specimen shall be pre- 
pared from the original sample without 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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having been subjected to any previous 
test,"' ' 

(c) In the interest of safety, any hose 
remaining intact after these tests shall 
be destroyed by cutting through at the 
center of the length. 

Test Conditions 

4. The temperature of the testing 
room shall be maintained between 70 
and 90 F. (21 and 32 C.). The test 
samples shall be held at room tempera- 
ture prior to testing until their tempera- 
ture is stabilized. 

resf Specimen 


Fig. 1. — Test Specimen on Form for Aging Test 
(see Table I). 

Air Pressure Test 

5. A specimen of hose 18 in. in length, 
assembled with end fittings as for serv- 
ice, shall be connected to a source of air 
pressure. The hose and couplings shall 
then be entirely submerged in water, 
using any suitable container for the 
water such that visual observation of the 
assembly is permitted. Air pressure of 
200 psi. shall then be applied internally 
and maintained for S min. Any evi- 
dence of leakage of air from the hose or 
couplings shall be considered failure to 
meet this test. 

Bursting Test 

6. The bursting test shall be con- 




ducted in accordance with Section 17 
(a) of the Tentative Methods of Testing 
Rubber Hose (A.S.T.M. Designation: 
D 380) of the American Society for Test- 
ing Materials.® 

Aging Test 

7. A specimen of hose bf the length 
prescribed in Table I shall ^ be bent 
around a form of the dimensions speci- 


TABLE I.-DIMENSIONS OF TEST SPECIMEN AND 
FORM FOR AGING TEST. 


Inside Diam- 
eter of Hose, 

Length 

of 

Dimensions of Form, 
(see Fig. 1) 

in. 

in. 

men, in. 

A 

B 

R 

C (min.) 

Aik Brake Hose 

H 

9 

4H 

3 

m 


Ke 

10 

4H 

3i4 



H 

10 

4H 


IH 

H 



11 

5 

4 

2 

H 

H 

11 

5 

4 

2 

' H 

H 

12 

5H 

43-2 

234 

1 

special. . . 

14 

6 

5. 

234 

1 


Vacuum: Brake Hose 


9 

434 

3 

134 

10 

4H 

334 

IM 

11 

5 

4 

2 

14 

6 

5 

234 

16 

7 

OH 

3H 



Fig. 2. — Aged Specimen Being Straightened. 


fied in Table I and held in place by a 
band or cord (see Fig. 1). The assembly 
shall be placed for 4 days at 194 F. 
(90 C.) in an air oven conforming to 
that described in the Standard Method 
of Test for Accelerated Aging of Vul- 
canized Rubber by the Oven Method 
(A.S.T.M. Designation: D 573) of the 
American Society for Testing Materials.® 
After removal from the oven, the hose 
shall be allowed to cool to room tempera- 
ture and shall then be removed from the 
form. It shall then be opened out to a 
straight length, as shown in Fig. 2, and 
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exammed externally for cracks, charring,, 
or ■ disintegration. The specimen shall 
be cut lengthwise and the inner tube 
shall be examined for signs of cracking. 

Cold Test 

8. The hose shall be conditioned in a 
cold , box .in a straight position at —40 F. 
(—40 C.) for 72 hr. After conditioning 
and without removal from the cold box, 
the hose shall be bent around a mandrel 
having a diameter ten times the outside 
diameter of the hose, and shall not break 
nor crack. 

Air Brake Hose 
Tensile Strength Test 

9. A tension testing machine con- 
forming to the requirements of the 
Standard Methods of Verification of 
Testing Machines (A.S.T.M. Designa- 
tion: E4) of the American Society for 
Testing Materials*^ shall be used. The 
machine shall be provided with a re- 
cording device to give the total pull in 
pounds at the conclusion of the test and 
shall be operated at a speed of approxi- 
mately 1 in. per min. The specimen of 
air brake hose, approximately 18 in. in 
length, shall be so^held in the testing 
machine that the hose and fittings have 
a straight center line corresponding to 
the direction of the machine pull. The 
hose assembly shall be subjected to an 
increasing tension load until failure 
occurs, either by separation of the speci- 
men from the end fittings or by rupture 
of the hose structure. Notation shall be 
made as to the type of failure, 

SweEing Test 

10. The swelling test on air brake 
hose shall be conducted in accordance 
with Section 23 of the Tentative Meth- 
ods of Testing Rubber Hose (A.S.T.M. 
Designation: D 380),^ except that A.S. 
T.M. precipitation xiaphtlia^ shall be 
used as the immersion medium. The test 


.■specimen shall be prepared from the hose 
tube and cover as described in Section 
9 (a) of Methods D 380 .and shall be as 
near the size specified in Section 23 (a) 
of Methods D 380 as can be obtained 
from the hose being tested. 

Vacuum Brake Hose 

Bend Test 

■ 11. A specimen of vacuum brake hose 
of the length prescribed in Table II 
shall be bent in the direction of its nor- 
mal curvature untE its ends just toucla 
as shown in Fig. 3. The outside diame- 
ter of the specimen at the middle section 
A shall be measured in the plane of the 
center line before and after bending, 

TABLE 11. — DIMENSIONS OF BEND TEST SPECIMEN 
OF VACUUM BRAKE HOSE. 

Inside Diameter Length of 

of Hose, in. Specimen, in. 

i 8 

1 12 

-I 16 

i 28 



Fig. 3 . — Bend Test of Vacuum Brake Hose. 

using outside spring calipers and a steel 
scale graduated to in. The differ- 
ence between the two measurements 
shall be considered the collapse of the 
hose outside diameter on bending. 

Vacuum Test 

12. A specimen of vacuum brake hose 
12 in. in length shall be assembled with 

4 Requirements for this precipitation naphtha are p:iyen 
in Section 4 of the Standard Methods of Test for Precipita- 
tion Number of Lubricating Oils (A.S.T.M. Designation: 
D 91), 1946 Book of A.S.T.M. Standards, Part III-A. 
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suitable cEd fittiugs such that one end' 
may be completely closed against air 
leakage and the other end connected to 
a vacuum pump- The outside diameter 
of the test specimen shall be measured, 
and the specimen shall then be subjected 
tO; a vacuum of 26 in. of mercury for 5 
niin. A suitable manometer or vacuum 
' gage shall be connected in the system to 
indicate the degree of vacuum actually 
maintained. At the end of the 5-min. 
period, while the hose is still under 
vacuum, the outside diameter of the 



device (Fig. 4) for collapsing the diame- 
ters of hose specimens, a platform scale or 
other suitable means for weighing, the 
load required to collapse the hose, and 
feeler gages for measuring the free dis- 
tance between the inner tube faces of the 
collapsed hose (D in Fig, 5). The weigh-, 
ing device shall have a capacity of at least 
100 lb. and shall indicate the . applied 
loads on a dial or scale with an accuracy 
within plus or minus 1 per cent. The 
feeler gages shall be of sufficient length 
to be passed completely through speci- 
mens of hose 1 in. in length, and shall be 


TABLE III.-DIMENSIONS OF TEST SPECIMEN AND 
FEELER GAGE FOR DEFORMATION TEST OF 
VACUUM BRAKE HOSE. 


Inside Diam- 
eter of Hose, 
in. 

specimen Dimen- 
sions, in. (see Fig. S) 

Feeler Gage^Bimen- 
sions, in. 

1 

D 

L 

Width 

Thickness 

U..,, 


1 

H 

H 

% 

! 



1 

'i 




1 



1 


1 

H 





Load 


— -H 




Fig. 4. — Apparatus Assembly for Deformation 
. Test of Vacuum Brake Hose. 


specimen shall again be measured so as 
to determine the minimum diameter at 
any cross-section. The measurement 
shall be made using outside spring cali- 
pers and a steel scale graduated to ^ in. 
The difference between this measure- 
ment and the original outside diameter 
shall be considered the collapse of the 
hose outside diameter under vacuum. 

Deformation Test 

13. {a) Apparatus , — The apparatus 
for the deformation test of vacuum brake 
hose shall consist essentially of a No. 3 
arbor press or other suitable compression 


Fig. 5. — Deformed Specimen of Vacuum Brake 
Hose (see Table III). 

of rectangular cross-section with dimen- 
sions as prescribed in Table III. 

(b) Test Specimen , — The test speci- 
men shall consist of a section of the 
vacuum brake hose cut to a length of 
1 in. 

(c) Procedure,"— The test specimen 
shall be placed longitudinally in the arbor 
press and compressed five consecutive 
times to the form shown in Fig. 5, with 
dimension D as prescribed in Table IIIv 
The specimen shall be held under load 
each time for 5 sec. and shall be allowed 
to recover for approximately 10 sec. 
which shall elapse between load applica- 
tions. While under each application of 
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Ihe load dimension P shall be measured 
by means of the proper feeler gage for 
the size of hose being tested. Between 
the fourth and fifth load application^ the 
weighing device shall be inserted in the 
press and the specimen placed on it so 
that the fifth load application may be 
measured. ’ The observed load required 
in the fifth application to compress the 
specimen to the specified dimension D 
shall be recorded. The specimen shall 
be considered to have failed to meet the 
test unless this load exceeds 40 lb. If 
desired, the test may be made with the 
weighing device in the press during all 
load applications, but in this case, a scale 
capacity substantially greater than 100 
lb. should be provided to avoid damaging 
the scale during the first load applica- 
tions. 

Swelling Test 

14. (a) A specimen of vacuum brake 
hose 12 in. in length shall be filled with 
A.S.T.M. precipitation naphtha^ en- 
closed by means of suitable cork stoppers 
to prevent loss by evaporation or leak- 
age. Use of shellac on the stoppers and 
joints is an aid in obtaining the proper 
seal. Care shall be taken in sealing the 
hose to avoid putting the naphtha 
under greater than atmospheric pres- 
sure. The filled hose shall be allowed 
to stand at room temperature for 48 
hr., after which the naphtha shall be 
removed and the hose specimen shall be 


imm ediately subjected in sequence to, 
the tests described in Paragraphs {&)• 

to (d). 

(6) A steel ball of specified' diameter 
shall be dropped through ' the specimen. 
If the ball does not pass freely, - the 
specimen shall • be recorded as having 
failed to meet the test. 

{c) The specim,en shall next be sub- 
jected to a vacuum of 26 in. of mercury 
as prescribed in Section 12, except that 
no measurements of diameter are re- 
quired and the- vacuum shall be main- ' 
tained for 10' min. Leakage of air 
through the hose shall be recorded as 
failure to meet the test. 

(d) The specimen shall then be cut 
lengthwise in two sections and examined 
for any signs of separation of the inner 
tube from the fabric. Such separation 
shall be recorded as failure to meet the 
test. 

Report 

Report 

IS. The report shall include the fol- 
lowing: 

(i) Description of the sample in- 
cluding type and size of hose and t}pe 
of couplings, if any, 

{2) Statement of the methods used 
together with the results obtained, 

(J) All observed and recorded data, 
and 

(4) Date of test, and temperature 
of test room. 



Tentatme Methods of 
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A.S.T.M. Designation: D 571 - 44 T 

Issued, 1940; Revised, 1944.® 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These methods are intended for 
use in testing assemblies of f-in. hy- 
draulic brake hose with end fittings as 
used in the automotive industry, and 
include procedures for determining volu- 
metric expansion under pressure, burst- 
ing strength, fatigue life, and tensile 
strength. 


Measurements of Hose 
Procedure 

4. (a) Constriction of the bore after 
assembly of the hose and fittings shall 
be measured w^ith a gage plug as shown 
in the accompanying Fig. 1 with dimen- 
sion ‘'A’’ as prescribed in the detailed 
specifications for the hose. The gage 
plug shall, weigh 2 ± 0.1 oz. The hose 


Test Specimens 

2. The test specimens shall consist of 
coupled sections of l-in. hydraulic brake 
hose having a measured free length of 
hose exposed between the end fittings. 
The free lengths of specimens to be 
used in the whip test for fatigue life 
shall be not less than 9 in. nor more 
than 15| in. 

Test Conditions 

3. The temperature of the testing 
room shall be maintained between 70 
and 90 F. (21 and 32 C.). The speci- 
mens shall be stabilized at the testing 
room temperature prior to testing. 


^ J" ^ 

Gage plug shall weigh 2 ±0.1 oz. Dimension “A” of 
the gage plug shall be as prescribed in the specifications 
for the hose. 

Fig. 1. — Gage Plug for Testing Constricting of 
Bore of Hose. 

assembly shall be held in a vertical 
position and the “A’’ diameter portion 
inserted into the end of the fitting. The 
gage shall be permitted to drop, of its 
own weight, a distance of 3 in. into the 
hose assembly.^ The , time required to 
drop 3 in. shall not exceed 5 sec. 

(b) Length of hose assembly shall be 
measured with the assembly in a vertical 
position with a weight of 1.25 lb. ±0.1 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A,S.T.M, 
Committee B-11 on Rubber and Rubber-Like Materials. 

2 Revisions accepted by the Society in June, 1944, and 
Committee E-10 on Standards* December 13, 1944. 
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02 . attached . to one end. A vernier 
caliper scale or equivalent shall be used 
and the length reported in inches and 
thousandths of an inch. 

Expansion Test 

Description 

5. This expansion test is designed to 
measure, by fluid displacement, the 
volumetric expansion of the free length 
of assembled hydraulic brake hose when 
subjected to specified internal pressures. 
The free length shall be the length be- 
tween the fittings measured as described 
in Section 4 (6). 

Apparatus ■ 

6. The test apparatus shall consist 
essentially of the following: A suitable 
source for the required fluid pressures, 
pressure gages, piping, valves, fittings in 
which the hose assembly may be 
mounted in a vertical position for 
application of pressure under controlled 
conditions, and a graduated burette 
for measuring the volume of liquid cor- 
responding to the expansion of the 
hose under pressure. All piping and 
connections shall be smoothbore without 
recesses or offsets, so that ail air may be 
freely removed from the system before 
running each test The valves shall be 
of such design as to open and close with 
minimum displacement of liquid.® The 
apparatus shall be capable of applying 
the pressure at a rate of increase of 
25,000 dz 10,000 psi. per min. A 
suitable apparatus is illustrated in 
Fig. 2. 

Calibration of Apparatus 

7. The apparatus shall be tested 
prior to use to determine its calibration 
correction factor. For this purpose, 
l-in. diameter Bundy steel tubing or its 


* Crane Globe Valve No. 222X, or equivalent has been 
found satisfactory. 


equivalent shall be used in place of the 
hose assembly. Calibration correction 
factors shall be established at pressures 
of 1000 and 1500 psi., and these shall be 
subtracted from the expansion readings 
obtained on the test specimens. The 
maximum permissible calibration cor- 
rection factor shall be 0.08 cu. cm. at 
1500 psi. 

Procedure 

8. The test specimen shall be carefully 
threaded into position on the apparatus 
in such a way as to provide a leak-proof 
seal, care being taken to avoid twisting, 
and to maintain the hose in a vertical 
position without tension while under 
pressure. The tank C shall be filled 
with distilled water, taking care that 
it is free of air or dissolved gases. Valve 
B shall then be opened and crank D 
turned to the left to allow the maximum 
amount of water to flow into the master 
cylinder. Valves £, F, and G shall next 
be opened, allowing the water to run 
from tank C through burette K until 
no air bubbles are seen in the burette. 
Removal of air bubbles may be facili- 
tated by moving the hose back and forth. 
Valves B and F shall then be closed and 
the pressure in the hose raised to 1500 
psi. for not more than 10 sec. After 
inspection for leaks at the connections, 
the pressure in the hose shall be com- 
pletely released by opening valve F, 
which shall then be closed before pro- 
ceeding with the next step. The water 
level in burette K shall now be adjusted 
to zero by means of valve G. Crank 
D shall then be turned to the right until 
gage A shows a pressure of 1000 psi. 
This pressure shall be sealed in the hose 
by closing valve £, after which the 
expansion shall be taken immediately 
by opening valve F and allowing the 
water in the expanded hose to rise in 
the burette. As soon as the liquid level 
is constant, valve F shall be closed and 
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the reading taken on burette K, This 
operation shaE be repeated so that the 
final reading taken on burette K will 
be the total of three expansions. This 
reading divided by three, minus the 
calibration factor shall be considered as 
the: final .volumetric expansion of the 


reading shall be taken, but ■ instead, the 
pressure shall be completely released 
and the procedure repeated. . 

Bursting' Strength Test 
Description 

9. This bursting strength test con- 



X -—Pressure gage of 10,000-psi. capacity. 

5— Control valve from tank C. 

C— Pressure-medium tank (vented on top). 

D— -Screw operated master cylinder, 

E—Vaivecon trolling line from master cylinder to hose. 


E— Valve above hose. 

0— Valve controlling flow into burette. 
H — Hose in slack position, 

J — Fluid line valve. 

iC—Burette graduated in 0.1 cu. cm. 


Fig. 2.' — Apparatus for Expansion and Bursting Strength Tests. 


hose at 1000 psi. The water level in 
the burette shall then be readjusted to 
zero as above and the procedure re- 
peated to obtain the expansion at a 
pressure of 1500 psi. If the pressure 
in the hose should inadvertently be 
raised just prior to the expansion reading 
to a value above that specified, no 


sists of subjecting the specimen of hy- 
draulic brake hose to the action of 
internal hydrostatic pressure under speci- 
fied conditions.,.'' ", 

Apparatus 

10. The' apparatus shall consist of a 
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hose is so: connected that controlled 
and' measured fluid pressure may be 
applied internally. The pressure shall 
be obtained by means of a hand or 
power-driven : pump or an ' accumulator 
system and- shall be. measured with a 
calibrated gage. Provision shall be 
made for filling the hose with distilled 
water and allowing all air to escape 
through a relief valve prior to applica- 
tion of pressure. This is important as a 


■to -the pressure system and completely 
filled with water, allowing - ■ all’ air to 
.escape. ■ Removal of air bubbles may be. 
facilitated by moving the hose back and 
forth. The relief valve shall then be 
closed and the pressure shall be applied 
at the prescribed rate untir it reaches 
3000 psi., which shall be held for 1 min. 
At the expiration of this “hold” period, 
the pressure shall be increased to 
4000 psi. and again maintained for 1 



Fig. 3.— Whip Test Apparatus for Determining Fatigue Life. 


safety measure. The pressures shall be 
applied at a rate of increase of 25,000 ± 
10,000 psi. per min. Since this type of 
hose withstands a minimum bursting 
pressure of 5000 psi., care must be taken 
that all piping, valves, and fittings are 
sufficiently rugged and adapted to high- 
pressure work. The apparatus described 
for the expansion test may be used 
when it conforms to these requirements. 

Procedure ; 

IL The specimen shaH be connected 


min., after which it shall be increased 
until the specimen bursts. The maxi- 
mum pressure noted on the calibrated 
gage shall be considered as the bursting 
strength of the specimen. 

Fatigue Life (Whip Test) 
Description 

12. This whip test is designed to 
measure the fatigue life of the brake 
hose assembly. The flexing motion im- 
parted by the test apparatus, while 
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different from, that to which the assem- 
bly is subjected in service, provides a 
highly accelerated method of measuring 
the resistance of a hose to dynamic 
fatigue. 

'Apparatus 

13« The essential features of the 
apparatus, illustrated in Fig. 3, are as 
follows: A moveable header consisting 
of a horizontal bar mounted at each end 
on vertically rotating disks through ball 
bearings with centers placed 4 in. from 
the disk centers, and an adjustable sta- 
tionary header parallel to the moveable 
header in the same horizontal plane 
as the centers of the disks. The headers 
are each provided with four standard 
end connections equally spaced, approxi- 
mately 3| in. on centers in which the 
hose assemblies are mounted in parallel. 
The disks are revolved at a speed of 
800 rb 10 r.p.m., whereby the hose ends 
fastened to the moving header are 
rotated at this speed through a circle 
8 in. in diameter while the opposite hose 
ends remain stationary. The end con- 
nections on the moveable header are 
tightlf capped, while those on the 
stationary header are open to a manifold 
through which water pressure is supplied 
by means of a weight-operated plunger 
in a pressure cylinder. The hose assem- 
blies are thereby subjected during test 
to a constant water pressure which shall 
be maintained between 225 and 250 psi. 
as shown by a gage installed so as to 
read pressure in the manifold. A limit 
switch operated by the plunger weight 
must be used to stop the machine when 
the water pressure drops as in the case of 
failure of the hose, since it is essential 
that the machine stop if the pressure 
drops or a specimen fails, A suitable 
revolution counter and elapsed time 
indicator shall be provided. 


Procedure 

14. The' iionrotating header shall be 
equipped to permit attachment of each 
hose assembly with individual adjust- 
ment for length. When mounted in the 
whip test machine the projected length 
of the hose assembly shall be 1.750 zt 
O.OIS in. less than the straight length. 
The whip test results are very sensitive 
to errors in setting this length and 
measurements shall be taken carefully 
and the reduction from straight length 
to projected length on the machine shall 
be within the limits specified. .The 
projected length shall be taken parallel 
to the axis of the rotating head. The 
test specimen assemblies shall be in- 
stalled in the apparatus in their natural 
^lay,” that is, without any twist. The 
water pressure shall be applied, and all 
hose and passages bled to eliminate air 
pockets or bubbles. The motor rotating 
the moveable head shall then be started 
and the duration of the test noted. 
Failure of the specimen by water leak- 
age through a rupture, and consequent 
loss of pressure, terminates th-e test. 
When a minimum time requirement is 
specified, the machine shall be run con- 
tinuously during this period. 

Tensile Strength Test 
Description 

15. This tensile strength test consists 
of subjecting the hose assembly to 
increasing tension load in a suitable 
testing machine until failure occurs, 
either by separation of the specimen 
from the end fittings or by rupture of the 
hose structure. 

Apparatus 

16 (a). A tension testing machine 
conforming to the requirements of the 
■ Standard Methods of Verification of 
Testing Machines (A.S.T.M, Designa- 
tion: E 4) of the American Society for 
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Testing Materials^ shall be used for 
measuring the tensile strength of the 
hose assembly. The machine shall be 
provided with a recording device to give 
the total pull in pounds at the conclusion 
of the test. A machine of lOOO-lb. 
capacity will be found suitable. 



2" I" Thick Plafe Female Connection 

Fig. 4. — Parts to be Assembled on Hose for 
Tensile Strength Test. 

(b) The fixtures for holding the 
specimens in the testing machine shall 
be similar to those shown in Fig. 4. 
The specimen shall be so held that the 
hose and fittings shall have a straight 
center-line corresponding to the direc- 
tion of the machine puli. 

Procedure 

17. The test specimen shall be assem- 
bled in the fiixtures (Fig. 4) and mounted 
in the testing machine. A steady ten- 
sion load shall then be applied, at a 
speed such that the moving head of the 

^ Appears in this publicationij see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


testing machine travels at the rate of 
approximately 1 in. per min., until the 
specimen either pulls out 'of ' the end 
toures or ruptures. The total load at 
the time of failure shall be recorded 
and notation made as to the type, of 
failure. 

Cold Test 

Cold Test 

18. The hose shall be conditioned in 
air in a cold box in a straight position 
at -40 F. (-40 C.) for 72 hr. Afta: 
conditioning and without removal from 
the cold box, the hose shall be bent 
around a mandrel having a diameter of 
3 in. and shall not break or crack. 

Report 

Report 

19. The report shall include the 
following: 

(1) Identification of the specimen 
including the free length and type of 
end fittings, 

(2) Date of test, 

(J) Temperature of test room, 

(4) Calibration correction factors for 
expansion apparatus, 

(5) The corrected volumetric expan- 
sion expressed in hundredths of a cubic 
centimeter, 

(6) The bursting strength in pounds 
per square inch, 

(7) The fatigue life, as shown by the 
whip test, expressed in hours, 

(8) The tensile strength in pounds of 
total load, and notation of type of 
failure, and 

(P) Statement of the result of the cold 
test. 



Tentative Specifications for 


FRICTION TAPE FOR GENERAL USE FOR ELECTRICAL 

PURPOSES* 



A.S.T.M. Designation; D 69 - 46 T 
Issued, 1946.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope 

1. These spedficalions cover friction 
tape commonly used for protecting and 
binding in place, insulation applied to 
joints of electrical wires and cables, and 
for other electrical and mechanical pur- 
poses. The tape consists of cotton 
sheeting that has been impregnated 
with an adhesive insulating compound 
and cut into rolls of narrow width. 


a tacky adhesive insulating compound 
containing practically no free sulfur or 
other substances which would have a 
deteriorating effect on copper or other 
metals, or on the fabric. 

Impregnation of Fabric 

4. The fabric shall be thoroughly im- 
pregnated and evenly covered on both 
sides with the frictioning compound. 


Cotton Sheeting 

2. The cotton sheeting shall be evenly 
and firmly woven from good cotton and 
as free from unsightly defects, dirt, 
knots, lumps, and irregularities of twist 
as is consistent with the best manu- 
facturing practice. The threads shall 
run in as straight lines as possible with- 
out waving, so as to reduce to a minimum 
the raveling of the cloth when cut into tape. 

Frictioning Compound 

3. The frictioning compound shall be 


Adhesiveness of Compound 

5. The compound shall adhere firmly 
to the fabric, and shall not pull away 
from the fabric so as to leave bare spots 
when adjacent layers of tape are 
separated. 

Tackiness 

. 6. The tape shall show tackiness, that 
is, ability to stick to itself after light 
contact has been made, wdien tested 
front to back in accordance with the 
procedure described in Section 21. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-U on Eubber and Rubber- Like 
Materials. 

Reverted to tentative by action of the Society at an- 
nual meeting, ^une, 1946. 

Prior to their present publication as tentative, these 
specifications were published as tentative from 1920 to 1924, 
being revised in 1921 and 1922. They were adopted in 
1924, revised in 1927, but withdrawn and republished as 
tentative from 1932 to 193S, being revised in 1934, 1935, 
and 1936. They veere again adopted in 1938 and published 
as standard from 1938 to 1945, being revised and repub- 
lished as tentative in 1946. 


Discoloration of Copper 
7. When the application of the tape 
is' such that the discoloration of the sur- 
face to which it is applied is an impor- 
tant consideration, the purchaser may 
request that the tape to be supplied 
shall be tested and must pass the test 
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for discoloration of copper in accordance 
with the method described in Section 22. 
At the conclusion of the test the blue- 
black color, characteristic of copper ■ sul- 
fide, shall not appear on the rod at the 
edge of the tape. 

Pinholes 

8. The number of pinholes in a speci- 
men of three consecutive yards of tape 
selected at random from any portion of 
the sample roll shall not exceed the 


following: 


Tape 

Number of 

Width, 

Pinholes, 

in. 

max. 

1 

6 

1 

8 

i|... 

12 

2 

16 


Tensile Strength 

9. The tensile strength of the tape 
specimen shall be not less than 40 lb, 
per inch of width. The initial distance 
between the jaws of the testing machine 
shall be 12 in. and the rate of separation 
of the jaws shall be 20 in, per min. 

Dielectric Strength 

10. Each roll selected for purpose of 
tests shall be tested for dielectric 
strength. The breakdown voltage shall 
be not less than 1000 v. 

Parallelism of the Tape 

11. Each roll selected for purpose of 
tests shall be tested for parallelism of the 
warp threads with the longitudinal axis 
in accordance with the procedure de- 
scribed in Section 25. The difference 
between the compared widths shall not 
exceed | in. 

Dimensions ' 

12. The tape' shall have a nominal 
thickness of 0.015 in. and shall be made 
in the following widths: f in., 1 in., l| 
in., and 2 in. Each roll shall contain 
not less than 82| ft. and not more than 
85 ft. of tape. 


Permissible Variations in Dimensions ’ ; 

13. The thickness shall not vary from 
that specified by more than plus or 
minus 0.003 in., nor the width by more 
than plus or minus ^ in. 

Packing 

14. Each roll of tape shaE. be enclosed ■ 
in a paper carton, unles's otherwise speci- 
fied. If enclosed in a carton, either the 
roll of tape shall be wrapped in a mois- 
ture-proof material or the carton shall 
be wrapped in a moisture-proof material 
and sealed. The wrapping on the tape 
or carton shall be secure and shall pro- 
tect the contents fully. 

Marking 

15. Each box shall be marked with the 
name of the manufacturer or trade-mark, 
together with the nominal width and 
length of the tape. 

Inspection 

16. The tape shall be inspected and 
tested either at the place of manufac- 
ture prior to shipment or at the place of 
delivery within 4 weeks from date of 
delivery. 

Aging and Storage 

17. (a) The tape shall at any time 
within four months after acceptance, if 
properly stored, meet the cold adhesion 
test specified in Section 20, except that 
a weight of 3 lb. per inch of width of tape 
shall be substituted for the 4 Ib. per inch, 
during unwinding. 

(b) Tape, to be properly stored, shall 
be stored in the original boxes and prefer- 
ably in a cool, dark location. Tape 
shall not be stored in close proximity to 
steam pipes, radiators, or other sources 
of heat. 

Rejection and Retests 
■ 18. (a) The purchaser reserves the right 
to reject any part of the shipment that 
does not comply with Sections 14 and 15. 

(b) If the tape fails in any one test 
of those prescribed in these specifica- 
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tions, two additional rolls shall be se- 
lected and subjected to that test. If 
either of these two additional rolls fails, 
the lot represented by the test rolls 
shall be rejected. ' 

(c) The manufacturer shall replace the 
rejected tape and shall pay freight 
charges for the return of such material. 

Methods op Testing 
S ampling 

19. (a) The tape offered for inspec- 
tion shall be divided into one or more 
lots of approximately equal numbers of 


shall be removed and discarded before 
taking test specimens. 

(d) The tape required for test speci- 
mens shall be unwound from the roll 
at a slow uniform rate»without jerking. 

Cold Adhesion Test 

20. (a) The adhesion between adja- 
cent layers of the tape shall be de- 
termined as follows: A specimen 23 in. 
in length shall be removed from the 
sample roll, care being taken not to 
touch the surface to be tested with 
the hands or otherwise. One end of 



Fig. 1. — Tester for Adhesion Test of Friction Tape. 


rolls in accordance with the following 
requirements: 

Rolls Offered Number 

for Inspection of Lots 

500 and under 1 

501 to 1500 2 

1501 to 3000 3 

Over 3000 3 plus 1 for each 

additional 1500 
rolls. 

(6) The lots shall be marked for iden- 
tification and one sample roll sbaU be 
taken at random from each lot for pur- 
pose of tests and marked to correspond 
with the lot from which it was selected. 
Unless otherwise specified, one speci- 
men from each sample roll shall be 
tested in accordance with the specifica- 
tions. 

(c) At least 2 ft. of the outer layer of 
each roll selected for purpose of tests 


the specimen shall be inserted in the 
slot of the mandrel described below and 
2 in. of the tape shall be wound on the 
mandrel. A weight of 10 lb. per inch 
of width shall then be attached to the 
end of the specimen and 19 in. of the 
tape shall be wound on the mandrel 
at a uniform rate of 12 in. per min. The 
tape shall be allowed to remain 3 min. 
with the weight attached, after which a 
weight of 4 lb. per inch of width of tape 
shall be substituted for the weight of 10 
lb. per inch of width, and the tape al- 
lowed to unwind. After the first 2 in. 
have unwound, the length that unwinds 
in the first 1-min. mtertal shall be meas- 
ured and recorded. This length shall 
not exceed 15 in. The temperature of 
the room and the temperature of the 
tape shall be not less than 20 C. (68 F.) 
nor more than 22.2 G. (72 F.), except 
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that tape meeting the adhesion test when 
tested at a higher room temperature 
shall not be rejected. The relative hu- 
midity at the temperature tested shall, 
not exceed 80 per cent. 

(b) The mandrel used shall be | in. in 
diameter with a slot approximately 
in. in width and long enough to accom- 
modate the full width of tape, and shall 
be mounted in a level position in ball 
bearings of the Fafnir Bearing Co., Cata- 
log No. 36, Serial No. 30, extra small, or 
equivalent ball bearings. The mandrel 
shall turn freely under a weight of i oz., 
suspended from a cotton thread wound 
in a single layer on the center of the 
mandrel. See Fig. 1 for a suggested 
form of tape tester. 

Tackiness Test 

21, (a) New clean specimens shall be 
taken for all tackiness tests. The tem- 
perature of the room and the tempera- 
ture of the tape and apparatus shall be 
not less than 20 C. (68 F.) nor more 
than 22.2 C. (72 F.), except that tape 
meeting the tackiness test when tested 
at a higher room temperature shall not 
be rejected. The relative humidity at 
the test temperature shall not exceed 
80 per cent. 

(b) Two 8-in. specimens shall be cut 
from each sample roll, care being taken 
not to touch the surface to be tested 
with the hands or otherwise. One 
specimen shall be placed lightly on a 
clean horizontal smooth surface, then 
the second placed evenly on the first 
allowing an overlap of | in. lengthwise. 
Then light pressure shall be applied 
by the use of a cylindrical glass or 
chromium-plated brass roller (Note) 
weighing 9 g. 5 per cent when applied 
to f-in. tape and proportionately more 
for wider tape. The roller shall have an 
outside diameter of not less than | in. 
and not more than 1 in., and a length to 
exceed the width of the tape by at least 


J in. The roller shall be rolled over the 
specimens once at a slow uniform rate 
so that the S-iii. length shall be passed 
over in about 8 sec., care being taken to 
prevent any downward pressure on the 
speciinens except the weight of the roller. 

Note. — A suitable apparatus for tliis test 
may be made from a squeegee handle and a 
roller of the proper weight and dimensions. 
The shaft at the end of the squeegee handle is 
used to propel the roller by coming in contact 
with the inside surface of the roller along the 
horizontal diameter. Small projections or feet 
at the ends of the shaft and perpendicular to the 
plane of the handle shall rest on the smooth 
surface on which the tests are made. This 
will prevent any downward pressure on the 
tapes except the weight of the roller, 

{c) The two specimens shall then be 
picked up from the end last in contact 
with the roller using two pairs of tweez- 
ers, one for each specimen. The tacki- 
ness shall be such that the point of 
separation remains approximately in the 
same horizontal position as the tweezers 
that pull the specimens apart. In pull- 
ing the specimens apart, one hand shall 
be kept in contact with a rigid support 
such as the edge of a table and the other 
hand slowly moved along the edge of the 
table to bring about the separation of 
the specimens. The rate at which the 
specimens are separated shall be steady 
and shall not exceed 1 in. per second. 
The last 1 in, of specimen shall be dis- 
regarded. 

(d) The front to back combination 
shall be tested three times and if the 
material fails in more than one test, it 
shall be considered as having failed the 
requirement for tackiness. 

Discoloration of Copper Test 

22. The discoloration of copper test 
shall be made as follows: Five superim- 
posed layers of tape shall be wound on a 
clean, bright, smooth copper rod, ap- 
proximately i in. in diameter and 3 in. 
in length, and baked at 100 C. (212 F.) 
for 16 hr. in a sealed test tube. 
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Deteriniiiatioii of Pinholes 

, . 23. The, number of pinholes shall be 
determined while the tape specimen is 
held over a slot in the top of an illu- 
minated box. The box shall be approx- 
imately 8 in. in width by 8 in. in height 
and IS in. in length, inside dimensions. 
The slot shall be 2 in. in width by 12 in. 
in length. The box shall be painted 
white inside and illuminated by a 25- 
watt lamp. The slot shall be covered 
with clear glass set flush with the top of 
the box. Means shall be provided to 
limit, the light to the width of the tape. 
Ruptures of the insulating film at the ex- 
treme edges of the tape, due to the slight 
tearing action of the cutting knife, shall 
not be considered pinholes. 

Dielectric Strength Test 

24. The dielectric strength shall be 
determined by placing a specimen ap- 
proximately 6 in. in length between two 
flat electrodes f in. in width by 4| in. in 
length. The edges shall be square and 
the ends rounded to |-in. radius cylinders 
whose axes are parallel to the contact 
faces of the electrode thus giving an 
area of contact with the surfaces of the 
tape of exactly J in. in width by '4 in. 
in length. Under an electrode pressure 
of 1 psi., a 60-cycle alternating-current 
voltage of practically sine wave form 


shall be applied at a value not exceeding 
100 v. and raised at a, rate of 100 v., per, 
■sec. until puncture occurs. In order to 
prevent flashover, increased width may 
.be secured by attaching to each side of 
the test specimen an added piece of tape, 
making a |-in. lap seam carefully rolled, 
down. 

Parallelism Test 

25. The test for parallelism of the 
tape shall be made as follow’-s: A piece of 
tape 16 in. in length shall be cut from 
the sample roll and then torn lengthwise, 
assisting the tearing by first slitting one 
end for about J in. with a knife. A 2-in. 
length shall then be cut from each end 
of one of the torn halves and the ends of 
the remaining 12-in. length folded to- 
gether and compared. 

Measurement of Thickness and Width 

26. The thickness of the tape shall be 
determined by means of a micrometer 
graduated to 0.001 in. and having a 
presser foot 0,25 =b 0.01 in. in diameter, 
exerting a total force of 9 ± 0.1 oz. The 
load shall be applied by means of a 
weight. Five thickness and five width 
measurements shall be made at random 
in a length of not less than 3 ft. on each 
sample roll and the maximum, minimum, 
and average of these five measurements 
shall be reported. 
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A.S.T.M. Designation: B 119 - 46 T 
Issued, 1946.* 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. These specifications cover rubber 
insulating tape suitable for the insula- 
tion of joints in electrical wires and 
cables and for other insulating purposes. 

Compound 

2. The tape shall consist of an unvul- 
canized or partially vulcanized rubber 
insulating compound. The compound 
shall be well, evenly and smoothly 
calendered, cut to the specified widths 
and tightly wound in rolls with a sepa- 
rator between layers. 

Separator 

3. The separator shall be parchment 
paper or glazed sheeting which shall be 
interposed betw^een adjacent layers and 
cover the outside of the tape. The out- 
side end of the roll shall be securely 


1 Under the standardization procedure of the Society, 
these specifications are under the. jurisdiction of the 
A.S.T.M. Committee 041 on Rubber and Rubber-Lih#* 
Materials, 

2 Reverted to tentative by action of the Society at an- 
nual meeting, June, 1946. 

Prior to their present publication as^ tentative, these 
specifications were published as tentative from 1921 to 
193S, being revised in 1922, 1927, 1928, 1932, 1933, 1934, and 
1935. They were adopted in 1938 and published as stand- 
ard from 1938 to 1946. The specifications were revised and 
republished as tentative in 1946, 


fastened. Upon originally unwinding 
the roll the separator shall show no 
undue tendency to stick to the rubber 
or to ravel. 

Composition of Rubber Compound 

4. The rubber compound shall con- 
tain not more than 7 lb. of new rubber 
per 27,000 sq. in. of tape 0.027 in. in 
thickness. 

Tensile Strength and Elongation 

5. {a) The tensile strength of the tape 
shall be not less than 200 psi. 

(§) The elongation of a 2-in, gage 
length determined simultaneously with 
the tensile strength test shall be not 
less than 250 per cent. 

Dielectric Strength 

6. The dielectric strength of the tape 
shall be not less than 300 v. per mil of 
thickness. 

Fusion and Tackiness 

The tape shaU meet the fusion and 
tackiness tests specified in Sections 19 
and 20 
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Blmensioiis 

8. The tape shall conform to the fol- 
lowing nominal dimensions : 

Width, in. Thickness, Length, 

in. ft. 

I 0.027 30 

1 0.027 15« 

2 0.027 15 


® Unless otherwise specified on the order, |-in. tape shall 
be supplied in rolls having a nominal length of 30 ft. 

Permissible Variations in Dimensions 

9. The thickness shall not vary from 
the nominal thickness more than plus or 
minus 0.003 in. and the width not more 
than plus or minus ^ in. The length 
of the tape per roll shall be not less than 
the nominal length, nor the average 
length more than 5 per cent in excess 
of it. 

Packing 

10. Each roll shall be enclosed in a 
suitable box. 

Marking 

11. Each box shall be marked with 
the name of the manufacturer or trade 
mark and the nominal width and length 
of the tape. 

Inspection 

12. The tape shall be tested and in- 
spected either at the place of manufac- 
ture prior to shipment or at the place of 
delivery within 4 weeks from date of 
delivery. 

Aging and Storage 

13. (a) The tape shall at any time 
within four months after acceptance, if 
properly stored, meet the fusion test 
specified in Section 19 and shall not be- 
come unduly attached to the separator. 

(b) Tape, to be properly stored, shall 
be stored in the original boxes and pref- 
erably in a cool, dark location. Tape 
shall not be stored in close proximity to 


steam pipes, radiators, or other sources 
of heat. 

Rejections and Retests 

14. (a) The^ purchaser reserves the 
right to reject any part of the shipment 
that does not comply with Sections 10 
and 11. 

(6) If the tape fails in any one test of 
those prescribed in these specifications, 
two additional rolls shall be selected and 
subjected to that test. If either of 
these two additional rolls fails, the lot 
represented by the test rolls shall be 
rejected. 

(c) The manufacturer shall replace the 
rejected tape and shall pay freight 
charges for the return of such material. 

Methods of Testing 
Sampling 

15. (a) All tape offered for inspec- 
tion shall be divided into one or more 
lots of approximately equal numbers of 
rolls in accordance with the following 
requirements: 

Rolls Offered for Inspection Number of Lots 

500 and under 1 

501 to 1500 2 

1501 to 3000 3 

Over 3000 3 plus 1 for each 

additional 1500 rolls 

(J) The lots shall be marked for iden- 
tification and one sample roll shall be 
taken at random for purpose of tests 
from each lot and marked to correspond 
with the lot from which it was selected. 
Unless otherwise specified, one specimen 
from each sample roll shall be tested in 
accordance with the specifications. 

(c) At least 2 ft. of tape from each 
roll shall be removed and discarded be- 
fore taking test specimens. 

Room Temperature 

16. The temperature of the room in 
which the tensile strength, elongation 
and fusion tests are made shall be be- 
tween 68 and 82 F. (20 and 28 C.). 
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Tensile Strength and Elongation Tests 
17» The tests for tensile ■ strength and 
elongation shall be performed in ac- 
cordance with the Standard Methods of 
Tension Testing ' of Vulcanized Rubber 
(A.S.T.M. Designation: D 412) of the 
American Society for Testing Materials/ 
with the following exceptions: 

(a) The room temperature shall be as 
specified in Section 16. 

(5) The test specimens shaU be cut 
from a laminated sample, two plies 
thick, carefully rolled together to avoid 


termined by placing a specimen approx- 
imately 6 in. in length between two flat 
electrodes J in. in width by 4i in. in 
length. The edges shall be square and 
the ends rounded to l-in. radius cylin- 
ders whose axes are parallel to the con- 
tact faces of the electrode thus giving an 
area of contact with the surfaces of the 
tape of exactly J in. in width by 4 in. 
in length. Under an electrode pressure 
of 1 psi., a 60-cycle alternating-current 
voltage of practically sine wave form 
shall be applied at a value less than 1000 



Fig. 1 . — ^Tester for Fusion Test. 


entrapped air. The thickness of the 
composite specimen shall be used in cal- 
culating the tensile strength. 

(c) The dumbbell-shaped | by 2-in. 
test specimen shall be used and shall be 
cut with the A.S.T.M. standard die as 
shown in Figs. 2 and 3 (Die A) of Stand- 
ard Methods D 412, except that the 
ends of the specimen cut from f-in. tape 
need not be full width. In placing the 
parallel gage marks on the test specimen 
care shall be taken not to cut the stock. 

(d) Three specimens, free from visible 
defects, from each sample roll shall be 
tested. The average of the three tests 
shall be reported. 

Bielectric Strength Test 

18. The dielectric strength shall be de- 

^ Appears in this publication, see Contents in Numeric 

Sequence of A.S.T.M. Designations at front of book. 


V. and raised at the rate of 1000 v. per 
sec. until puncture occurs. In order to 
prevent flashover, increased width may 
be secured by attaching to each side of 
the test specimen an added piece of tape, 
making a |-in. lap seam carefully rolled 
down. 

Fusion Test 

19. (a) A specimen 7 in. in length 
shall be taken from the roll, care being 
observed not to touch the surface to be 
tested with the hands or otherwise. 
Two inches of the specimen shall be 
wound on the mandrel, and then a 
weight of 4 lb. per inch of width of tape 
shall be attached to the end of the 
specimen. Should this weight be in- 
suflBcient to elongate the tape 200 per 
cent or more, additional downward force 
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'Shall be applied by ' hand until 200 per 
cent "elongation has been produced. The 
tape shall then be wound on the mandrel 
at a uniform rate of 12 in. per min. and 
allowed to stand for 3 min. with the 
weight attached. Then, with the weight 
still attached, the tape shall be allowed 
to unwind slowly. The mandrel shall 
revolve not more than two and one-half 
turns in the first 2 min., during which 
time the tape shall sustain the weight 
or shall break at the point of unwinding. 

(5) The mandrel used shall be J in. 
in diameter and shall be mounted in a 
level position in ball bearings of the 
Fafnir Bearing Co. Catalog No. 36, Serial 
No. 30, e5:tra small or equivalent ball 
bearings. The mandrel shall turn freely 
under a weight of J oz., suspended from 
a cotton thread wound in a single layer 
on the center of the mandrel. See Fig. 1 
for a suggested form of tape tester. 


Tackiness Test 

20. A specimen 7 in. in length shall 
be taken and wound on the mandrel in 
the same manner as described in Sec- 
tion' 19. Instead of leaving the weight 
.'suspended for 3 min. it shall be imme- 
diately removed. The tape shall show 
no tendency to unwind from ' the 
mandrel. 

Measurement of Thickness and Width 
. 21. The thickness of the tape shall be 
determined by means of a micrometer 
graduated to 0.001 in. and having a 
presser foot 0.25 db 0.01 in. in diameter, 
exerting a total force of 9 dz 0. 1 oz. The 
load shall be applied by means of a 
weight. Five thickness and five width 
measurements shall be made at random 
in a length of not less than 3 ft. on each 
sample roll and the maximum, minimum 
and average of these five measurements 
shall be reported. 



Tentative Methods of 
TESTING RUBBER-COATED FABRICS ‘ 



A.S.T,M. Designation: D 751 - 46 T 
Issued, 1943; Revised, 1946. ^ 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L. These methods describe procedures 
for the testing of rubber-coated fabrics 
made by applying either natural rubber 
compounds or those synthetic elastomers 
which are processed on rubber ma- 
chinery. 


rium shall be approached from the dry 
side (not moisture free). Certain coat- 
ings may greatly retard moisture pene- 
tration into the fabric and, therefore, 
fabrics coated on both sides may require 
24 hr. or more to reach equilibrium. 

Dimensions and Weight^ 


Condition 
Standard Condition 

2, (a) Te^t Condition . — Coated fabrics 
shall be tested in standard condition, 
unless otherwise specified. 

{b) Standard Condition . — Standard 
condition of coated fabrics shall be that 
reached by the fabric when in moisture 
equilibrium with a standard atmosphere 
having a relative humidity Of 65 per 
cent at 70 F. (21 C,). A tolerance of 
plus or minus 2 per cent is permitted in 
relative humidity and plus or minus 
2 F. (1.1 C.) in temperature. 

{c) Moisture Equilibrium— It shall be 
considered that moisture equilibrium 
is reached when, after free exposure to 
air ill motion, there is no progressive 
increase in weight. Moisture equilib- 

1 Under the standardization igrocedure of the Sodety, 
these methods are under the jurisdiction of A.S.T.M, 
Committee D-1 I on Rubber and Rubber-Like Materials, 

2 Revision accepted by the Administrative Committee 
on Standards, September 9, 1946. 
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Length 

3. {a) General Method.—Hht coated 
fabric shall be laid out smooth, without 
tension, on a horizontal surface and the 
length shall then be measured parallel 
to the selvage; or, successive portions, 
each at least 5 yd. in length shall be 
measured under the same conditions. 

(6) Drum Method . — The coated fabric 
shall be run over a measuring drum 
with just enough uniform tension to 
keep it running flat and true. The 
length shall be determined from the dial 
or counter on the drum and its 
calibration. 

Width 

4. The width shall be measured with 


*Tlie procedures for dimensions and weight, breaking 
strength, elongation, and tearing strength by the trapezoid 
method are identical with those appearing in the Standard 
General Methods of Testing Woven Textile Fabrics 
(A.S.TM:, Designation: D 39), 1946 Book of A.S.T.M. 
Standards, Fart III-A, 
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the coated' fabric laid' out smooth on a 
horizontal surface but without tension 
in either direction. ■ The average of at 
least five different measurements uni- 
formly distributed along the full length 
of a roll or piece shall be reported as the 
average width of the roll or piece. 

Thickness 

5. (d) Thickness Gage,^ — ^The gage 
used for the measurement of thickness 
shall be of the deadweight type equipped 
with a dial graduated to read directly 
to 0.001 in. The presser foot shall be 
circular with a diameter of 0.375 db 
0.001 in. The presser foot and moving 
parts connected therewith shall be 
weighted so as to apply a total load of 
6 rb 0.1 oz. (equivalent to a pressure of 
3.4 psi.) to the specimen. The presser 
foot and anvil surfaces shall be plane 
to within 0.0001 in. and parallel to each 
other to within 0.0001 in. The gage 
shall be calibrated for the actual load 
exerted by the presser foot by means of 
any device so arranged as to measure the 
total vertical force exerted by the 
presser foot at the several gage readings 
or presser foot levels selected for calibra- 
tion. The presser foot shall be brought 
to each calibration level from a 
higher one. 

Note.— I t is suggested that the calibration 
may be accomplished by supporting the presser 
foot on a horizontal strap suspended from a 
weighing device so arranged that it may be 
raised or lowered gradually and leveled at any 
required position. 

(b) Procedure, — The coated fabric 
shall be placed upon the anvil of the gage 
smooth, but without tension. The pres- 
ser foot shall be lowered upon the 
material gradually (without impact) 
allowed to rest upon it for 10 sec., 

4 The requirements for the thickness gage, pendulum 
type testing machine and fabric clamps for the breaking 
strength test, and the bursting strengw testers are identi- 
cal with those appearing in the Standard Specifications for 
Textile Testing Machines (A.S.T.M. Designation: D 76), 
1^6 Book of A.S.T.M, Standards, Part III-A. 


and the reading of the dial then observed. 
Similar measurements shall be made at 
not less than five different places uni- 
formly distributed over the surface of 
the coated fabric ' exclusive of the area 
adjacent to either selvage and within 
one-tenth the width of the fabric or 
within 3 yd. of either end of a roll or 
piece. The average of the five or more 
measurements shall be reported as the 
average thickness. 

Weight 

6. {d) Method Applicable to a Piece, 
Cut, or Roll — ^The full piece, cut, or roll 
shall be weighed on a calibrated scale, 
the length and width of the coated fabric 
shall be measured, and the weight per 
linear yard or per square yard calculated. 

(b) Method Applicable to a Sample . — 
A specimen having an area of at least 20 
sq. in. (or a number of specimens not 
less than 2-in. square and having a total 
area of at least 20 sq. in.) shall be cut 
from the coated fabric, weighed on a 
calibrated scale, and the weight per linear 
yard or per square yard shall be calcu- 
lated. Unless a specimen the full width 
of the fabric is used, no specimen shall be 
taken nearer the selvage than one-tenth 
the width of the fabric. 

Note. — This method is intended for use 
when a small sample of coated fabric is sent to 
the laboratory for test. The result is considered 
to be applicable to the sample, but not to the 
piece or lot of goods from %vhich the sample was 
taken unless the number of samples and method 
of sampling are specified and agreed upon by 
those concerned. If this is done, each sample 
should be tested in accordance with Paragraph 
(5) and the results averaged to obtain the 
average weight per square yard or per linear yard 
of the lot. 

Breaking Strength^ 
Breaking Strength 

7. Breaking strength shall be deter- 
mined by the Grab Method, unless the 
Strip Method is specified. In the case 
of coated knit fabrics, the breaking 
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strength may be ■ more satisfactorhy 
determined by the bursting strength 
method which .shall be used when 
specified. 

■ A, Grab Method 
Testing Machine^ 

8. {d) The testing machine shall be of 
the pendulum type in which the specimen 
is strained by a uniform movement of the 
pulling clamp to which one end of the 
specimen is attached, the other end being 
held in a clamp attached to a weighing 
device based on the principle of the 
pendulum. 

{b) The machine shall be power- 
driven, or shall be operated in such a 
manner that the pulling clamp shall have 
a speed of 12 d= | in. per min., unless 
otherwise specified. A machine shall be 
considered to be of proper capacity for a 
test, if, when the specimen breaks, the 
angle which the pendulum makes with 
the vertical is between 9 and 45 deg. 
The minimum pitch diameter of drum 
for transferring the pull on the specimen 
to the pendulum shall be 2-| in. 

{c) Vertical machines of this type 
shall be calibrated throughout the load- 
ing range of a 9-to 4S-deg. swing of the 
pendulum from the vertical position 
using a series of weights of known 
amount applied in an ascending order. 
The weights shall be fastened to the 
upper clamp in any convenient manner 
and suspended freely, thereby causing 
the pendulum to swing from the vertical 
position. The equilibrium position of 
the pendulum for each weight shall be 
determined by disengaging the pawls, 
bringing the pendulum slightly below 
its equilibrium position, engaging the 
pawls, and then releasing the pendulum 
and allowing it to swing up to the equilib- 
rium position with the pawls engaged. 
The average of several readings for each 
weight shall be used to determine the 
dial and chart errors. 


Clamps for Fabrics^, 

9. The clamps for holding a specimen 
of coated fabric shall have metallic; grip- 
ping surfaces sufficiently smooth, flat, 
and parallel as to prevent the test speci- 
men from slipping or moving between 
the gripping surfaces when held under 
the pressure normal to operation. The 
dimension of all gripping surfaces parallel 
to the direction of application of the load 
shall be 1 in.; the dimension perpendicu- 
lar to this direction shall be 1 in. for the 
face jaw and 2 in. or more for the other. 
All edges which might cause a cutting 
action shall be rounded to a radius of 
not over in. The design of the clamp 
shall be such that one gripping surface 
shall be an integral part of the rigid 
frame of the clamp while the other shall 
be on a part hinged or swiveled to the 
movable member of the clamp. The 
pressure between the gripping surfaces, 
sufficient to clamp the specimen firmly 
before the testing load is applied and to 
prevent slippage during the progress of 
the test, shall be secured by any suitably 
constructed mechanical device operating 
on the movable member of the clamp. 
The distance between the clamps at start 
of test shall be 3 in. 

Note. — As a practical method of determining 
the degree of flatness and parallelism of the 
assembled clamp mechanism it is recommended 
that a sheet of thin white paper, between two 
thin sheets of carbon paper, be placed between 
the gripping surfaces, and the jaws then brought 
together with a light pressure. 

Test Specimens 

10. Specimens 4 in. in width and not 
less than 6 in. in length shall be cut from 
the coated fabric for test. Two sets of 
five specimens each will be required, one 
set for longitudinal breaking strength 
having the longer dimension parallel to 
the lengthwise direction of the goods, 
and the other set for transverse breaking 
strength, having the longer dimension 
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parallel to ^ the crosswise direction of. 
the goods, .No, two specimens shall 
contain . the same . threads of the fabric 
in the direction, to, be tested,/ .'Unless 
otherwise specified, specimens shall be 
taken no' nearer the selvage than one- 
tenth the width of the coated fabric, 

Procednxe ' 

'11 . ■ The ■ specimen, shall be placed 
symmetrically in the clamps of the 
machine (see Fig. 1) with the longer 
dimension parallel ' to and the shorter 
dimension at right angles to the direction 
of application of the load. The average 
of the results of the five individual tests 
in each direction shall be reported as the 



Fig. 1. — lEustration of Grab Test. 

longitudinal breaking strength and the 
transverse breaking strength of the fabric 
respectively. If a specimen slips in the 
clamps, breaks in the clamps, breaks at 
the edge of the clamps, or if for any 
reason attributab.le to faulty operation, 
the result falls ma.rkedly below the aver- 
age for the' set of specimens, the result 
shall be discarded, another specimen 
taken, and the result of the break in- 
cluded in the average.' 

• ■ i?. Cat Strip Method 
Procedure. 

12. The breaking strength test by the 
cut strip method shall be made ,in ac- 
cordance with the directions for the grab 
method (Sections 8 to 11), with the 
exception that the specimens shall be 
cut 1 in, in width (or other width when 
specified). 


., Elongation® 

Procedure 

13. Unless otherwise specifi.ed, the, 
elongation of a coated fabric at any 
stated load shall be obtained when the 
breaking strength (Sections 7 to 12) is 
detemined and for the same specimens 
by means of a suitable autographic re- 
cording device on the testing machine. 
The elongation shall be the average of 
the results obtained for five specimens, 
and it shall be expressed as the per- 
centage increase in length. Since the 
initial length and, therefore, the meas- 
ured elongation depend upon the load 
applied in placing the specimen in the 
clamps of the machine, an initial load of 
6 oz., or other initial load specified for 
the particular material in question, shall 
be placed on the specimen before grip- 
ping the specimen in the lower clamp 
of the machine. The elongation shall be 
calculated from the start, of the line as 
shown on the graphic record. 

Bursting Strength 
Testing Machine^ 

14. The machine used for determining 
bursting strength shall be either of the 
following types, 

(a) Pendulum Machine with Ring 
Clamp . — The pendulum machine de- 
scribed in Section 8 shall be equipped 
with a bursting attachment of such 
design that the specimen held securely 
by a ring-clamp mechanism 1.750 =b 
0.001 in, in internal diameter with the 
center of the specimen pressed against a 
polished steel ball of 1.000 ± 0.001 in. 
in diameter until a burst is produced. 
The direction of motion of the ring clamp 
shall be at right angles to the initial 
plane of the specimen. The capacity 
of the machine shall be considered suit- 
able if, when the specimen breaks, the 
angle which the pendulum makes with 
the vertical is between 9 and 45 deg. 
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Q}) Diaphragm BarsHng' Tester,— The 
diaphragm biirstiiig; tester shall conform- 
to the following .requirenients: 

(i) The testing machine to be used " 
, may be either niecliaiiicaily or, manu- 
ally. , operated. ' It shall permit the 
clanip.ing of. the material to be tested 
between .two, circular clamps not less 
than 3 ,in. in ,d.iameter having coaxial 
apertures of their centers 1.200 zb 
0.001 in. in diameter. The surfaces of 
the clamps between which the speci- 
men is to be placed shall be eccentri- 
cally grooved. The grooves shall be 
spaced not less than in. apart and 
of a depth not less than 0.006 in. The 
grooves shall not start closer than 
0.125 in. from the edge of the aperture. 
The surfaces of the clamps shall be 
metallic and any edge which might 
cause a cutting action shall be rounded 
to a radius of not over -it in. The 
lower clamp shall be integral with the 
chamber in which a screw shall operate 
to force a liquid pressure medium at a 
uniform rate of 3.00 zb 0.25 cu. in. per 
min. against a rubber diaphragm fitted 
to expand through the aperture exert- 
ing its force against the coated fabric 
set between the two clamps. (In the 
manually operated machine, this shall 
correspond to approximately 60 rpm. 

. of a hand wheel turning the displace- 
ment screw.) 

, ,(Z),In the mechanically operated 
machine, means "shall be provided for 
stopping, at the instant of, rupture of' 
the 'specimen, any further application, 
of the loading pressure, and for holding 
unchaii,ged the contents of the pressure 
. chamber' until the gross bursting pres- 
' sure and tare , diaphragm pressure, 
.simultaneously indicated on the gage' 
have been recorded., , The machine 
. " shall be fitted with a Bourdon tube 
gage maximum hand type, having a 
, ,'dial 4.5 in. in diameter, . tlie scale 
divided to read in 0.5-lb. units, with a 


■ range of from 0 to .100 ib. Accuracy 

■ - shall be. within p,l.us or minus 0,25 Ib. 
When the gage is, calibrated, it shall be 
mounted in the same Yelative position 
as on the bursting tester. . If calibrated 
with a dead- weight tester, the weights 
shall be spun slowdy to insure free 
action of the piston. 

(J) Provision shall be '■ made for 

■ applying to the specime.n,, before ,,■ 
clamping, an initial te'D.sioii which 
shall be uniform in ail directions, , , 

Test Specimens 

■ 15. At least ten test specimens shall 
be cut, the smallest dimension of which 
shall be at least 0.5 in. greater than the 
outside diameter of the ring-clamp 
mechanism of the testing machine. 

Procedure 

16. (a) When the pendulum machine is 
used, the test specimen shall be mounted 
in the ring clamp, which shall then be 
moved at a rate of 12 in. per min. against 
the steel ball until rupture occurs. The 
pounds pressure shall be recorded as the 
bursting strength of the specimen. 

(b) When the diaphragm tester is used, 
the specimen shall be mounted between 
the ring clamp and the base surface with 
a uniform tension. The pressure shall 
be applied at a constant rate as pre- 
scribed. in Section 14 (b) Item (i) until : 
rupture occurs. The pounds pressure 
shall be recorded as the bursting strength 
of the specimen. 

Note.— W hen the diaph.rag.m bursting tester 
.is used, it is recommended that the difference'' 
between the gross bursting pressure and the tare 
diaphragm pressure, be reported as the bursting 
strength of the material. 

Galculatioii 

17.. The average ,burstmg; strength., .of, 
the coate-d fabric shall be the arithmetic 
mean of the results of ten tests. ■: 
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Te.AMING SXEENGTH , 

.Teaiiiig SfeeBgtli 

18. .The .tearing strength o,f the' coated 
fabric 'shall.. be determined by the 'trape- 
, 2 oid method except that in the case of 
light-weight .'materials, the pendulum 
impulse , method may. be used ■ when 
specified. ■ 

A.. Trapezoid MeUwd^ ■ 

Testing Machine 

19. The testing machine used for this 
test shall conform to the requirements 
of the machine used in the grab method 
for breaking strength with the following 
modifications: The faces of the clamps 
shall measure 1 by 3 in. (Section 8) or 
more, with the longer dimension per- 
pendicular to the direction of application 
of the load. The distance between the 
clamps at the start of the test shall be 1 
in. The pawls on the pendulum shall be 
disengaged from the ratchet. 

Test Specimens 

20. The test specimens shall be 3 in. 
in width and 6 in. in length. Two sets 
of five specimens will be required, one 
set for longitudinal tearing strength, 
having the longer dimension parallel to 
the lengthwise direction of the coated 
fabric and the other set for transverse 
tearing strength, having the longer 
dimension parallel to the crosswise 
direction of the coated fabric. An 
isosceles trapezoid having an altitude of 
3 in. and bases 1 and 4 in, in length 
shall be marked on each specimen pref- 
erably with the aid of a template. A 
cut J to I in. in length shall then be 
made in the center of the 1-in. edge and 
perpendicular to it. 

Procedure 

21. The specimen shall be clamped 
in the machine along the nonparallel 
sides of the trapezoid so that the cut is 
halfway between the clamps and the 


short edge ' shall ' be . held . taut, the long 
edge lying in folds. The machine shall 
be'S.ta.rted and .the average ., load neces-, 
saiy to tear the coated fabric, shall be 
obsem-ed, preferabl}^^ by means, of an 
autographic recording device. The av- 
erage of the results of the five. individual, 
tests in each direction shall be reported 
as the longitudinal tearing strength 
and the transverse tearing strength of 
the fabric, respectively. 

B. Pendulum Impulse MethodP 
Apparatus 

22. (a) The testing machine shall be 
of the pendulum impulse type and shall 
consist of the following: 

(i) A stationary clamp, 

{2) A movable clamp carried on a 
pendulum, preferably formed by a sector 
of a wheel or circle, free to swing on a 
ball bearing or other substantially fric- 
tionless bearing, 

(J) Means for holding the pendulum 
in a raised position and means for re- 
leasing it instantaneously, and 
{4) Means for registering the maxi- 
mum arc through which the pendulum 
swings when so released. The pendulum 
shall carry a circumferential scale, grad- 
uated from 0 to 100 so as to read against 
the pointer the work done in gram-cen- 
timeters by the pendulum when tearing a 
specimen, divided by 137.6 (one-six- 
teenth of the force in grams required 
to tear a specimen). 

{b) With the pendulum in its initial 
position ready for a test, the two clamps 
shall be separated by an interval of 2.5 
mm. (0.10 in.) and so aligned that the 
specimen clamped in them lies in a plane 
perpendicular to the plane of oscillation 
of the pendulum with the edges of the 
jaws gripping the coated fabric in a 
horizontal line, a perpendicular ^ , to whidi 

s Tfae pendulum impulse method for tearing strength is 
substantially identical, with the. Standard Method of. 
Test 'for Internal Tearing 'Resistance' of Paper,, (A.S.TJI... 
Designati'on: D'689),'See 5>.'43'6..\ 
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through the. axis, of .suspension of the 
pendulum is 104 mm., (4 in.) in .length 
and makes .an angle of 27.5 deg. with the 
plane of .the coated fabric. 

(c) The clamping surface in each jaw 
shall be over 25 .mm.. (1 in.) in width and 
over 12 .mm, (0,5 in.) in depth. 

Adjustment of Apparatus 

23. (a) For apparatus having a sector 
as a pendulum, and which tears the speci- 
men as it moves toward the right, draw a 
pencil line on the base or stop-mechanism 
1 in. to the right of the edge of the sector 
stop. With the sector raised to its 
initial position and the pointer set against 
its stop, on releasing the sector and 
holding the stop down, the sector should 
make at least 20 complete oscillations 
before the edge of The sector which en- 
gages with the stop no longer passes to 
the left of the pencil line. Otherwise, 
the bearing shall be oiled and adjusted. 

(b) Level the instrument so that, with 
the sector free, the line on the sector 
indicating the vertical from the point of 
suspension coincides with a correspond- 
ing point on the base of the instrument, 
usually placed on the stop mechanism. 
After leveling, operate the instrument 
several times with nothing in the jaws, 
the movable jaw being closed, to ascer- 
tain if the pointer registers zero with no 
load. If zero is not registered, the 
pointer stop should be suitably adjusted 
until the zero reading is obtained. If 
it is necessary to move the pointer stop, 
the pointer friction should be checked' as 
follows: Set the pointer at the zero 
reading on the scale before releasing the 
sector and after release see that the 
pointer is not pushed , 'more than three 
scale divisions beyond the zero. A read- 
ing of more than three divisions indicates 
excessive pointer friction and the pointer 
should be removed, the bearing wiped 
clean, and a trace of oil or petroleum 
jelly applied. When the pointer friction 


has been reduced, finally adjust the 

point stop. 

Calibration of Apparatus 

24. (a) Level and adjust . the iEstru-; 
meat on a level sheet of p.late glass, a.iid 
clamp a known weight in grams, : 
to the radial edge of the sector beneath 
the jaws. The center of gravity of the 
weight (including means of attaching) 
shall be previously marked by a punched 
dot on the face of the weight that is to , 
be in the front of the instrument. 

(6) Raise^ and set the sector as for V 
tearing a specimen and, by means of 
surface gage or other convenient means, 
measure the height in centimeters, E, 
of the center of gravity of the weight 
above the glass plate. Then release the 
sector, allow it to swing, and note the 
pointer reading. Without touching the 
pointer, raise the sector until the edge 
of the pointer just meets with its stop, 
in which position again determine the 
height in centimeters, k, of the center of 
gravity of the weight above the glass 
plate. 

(c) The ' work done is fF(j? — k) . 
gram-centimeters. The pointer reading 
for the standard instrument and method 
specified should be as follows: 

WjH - A) 

137.6 

(d) Five weights from 75 to 400 g 
form a suitable range for the calibration, 
one, or more being clamped on the edge 
of- the sector in different -positions, the 
work done in raising each being calcu-; 
iated and added together. 

(e) A record shah be made, of devia- 
tions of the indicated readings and corre- 
sponding corrections made- in the test - 
results. 

(/) It is unnecessary to ; repeat the 
calibration of the instrument provided it 
is kept in adjustment , and no. .parts 
become -changed, or worn, but the tearing 
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distance, which equals,43 mm*' (1.69 in.) 
shall, be checked prior to each ■ series of 
tests and adjusted if necessary, , 

.Test Specimens 

25. Test specimens shall be cut accu- 
rately in each principal direction of the 
coated fabric about, 76 mm. (3 in.) in 
length by exactly 63 mm. (2.5 in.) in 
width with the slit to be cut 20 mm. 
(0.8 in.) in length, leaving exactly 43 
ram. (1.69 in.) between the end of the 
slit and the edge of the specimen. 

Procedure 

26. (a) The' testing machine shall be 
levelled and adjusted, if necessary, before 
each set of tests. 

(b) The test specimen shall be placed 
midway in the clamps with its upper edge 
parallel to the top of the jaws and so 
that the initial slit is at right angles to 
the top of the jaws* When torn, the 
scale readings should be between 20 and 
90, If over 90, an auxiliary weight of 
2501 g. shall be attached to the pendu- 
lum whiGli doubles the capacity of the 
machine. Not less than five tests in 

, each principal direction of the coated 
fabric shall be made. 

(c) If the mean value of the lowest 
and the highest reading differs from the 
average of all the readings by more than 
10 per cent, additional specimens shall be 
tested until there is agreement within 
these limits. An isolated very high or 
low result that is not repeated in dupli- 
cate when a consistent average has been 
obtained without the abnormal reading 
shall be discarded. If the tear deviates 
more than 10 mm. (f in.) from the line 
of the initial slit, a notation should be 
made and the deviation reported. If the 
side of the specimen above the, movable 
clamp rubs against the sector as a tear is 
made, that reading shall be rejected. 

Calculation and Report 

27. (a) The results shall be reported 
as the force in pounds required to tear a 


specimen. Since The, scale' readings .. are 
made 28.6 times as great as the .actual 
values,, the teariii.g msistance values 
.shall be calculated by dividi,ng the aver- 
age instrument reading (corrected if 
necessary for calibration error) by '28.6. 

■ When the auxiliary weight is used, the 
scale reading shall be divided by 14.3. 
If the^ results are desired to be ex- 
pressed In- grams required to tear a 
specimen, the scale reading shall be 
multiplied by 16 and if the auxiliary 
weight is used, multiplied by 32. 

(b) The average, maximum, and mini- 
mum results for both principal directions 
of the coated fabric shall be reported. 
These shall be designated as longitudinal 
tear resistance and transverse tear re- 
sistance, respectively. 

Hydrostatic Resistance 

Hydrostatic Resistance 

28, The hydrostatic resistance of a 
coated fabric shall be determined by 
Method A which uses a modified dia- 
phragm bursting tester (Mullen test) or, 
when specified; by Method B wdiich uses 
the hydrostatic pressure of a rising 
column of w^ater (Suter test). 

Method A, Fressitre Application by 

Modified Diaphragm Bursting Tester 

Testing Machine 

29. (a) The hydrostatic resistance of 
a coated fabric shall be determined on a 
diaphragm bursting tester as described 
in Section 14 (i^), except that the dia- 
phragm shall be removed, allowing the 
liquid used for displacing the diaphragm, 
to come in direct contact with the 
specimen. The liquid shall be water. 

(h) An interchangeable upper clamp 
having a glass plate fitted in its aperture 
shall be provided for use when specified 
or as described in Paragraph {c). The 
glass shall be not less than 0.125 in. in 
thickness. The upper clamp shall be of 
the tripod type to assure maximum 
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visibility of tbe material to be tested. A 
lever t 3 ^e. of damping mechanism with a' 
screw ' and. spring . assembly may be 
pro.vided . to . permit rapid and proper 
clamping of the material to be tested. 

(c) In cases where the bursting 
strength of the coated fabric is less than 
30 psi. or in the case of knit fabrics where 
the “give’ h of the fabric might exceed 
the elastic limit of the coating, or where 
other factors might make it desirabkj a 
screen of 16 mesh per square inch shall 
be placed directly over the specimen and 
used in conjunction with the glass-fitted 
upper clamp. For easy detection of the 
leak, a filter paper may be placed over 
the screen prior to damping. 

Test Spedmens 

30. The test specimen cut from the 
coated fabric shall be of such size that 
the smallest dimension is at least 0.5 in. 
greater than the outside diameter of the 
ring-clamp mechanism of the testing 
machine. 

Procedure 

31. Before clamping the specimen into 
the testing machine, the water level shall 
be brought up flush with the surface of 
the circular opening in the tester so that 
no air pocket may exist between the 
water surface and the coated fabric 
being tested. Unless otherwise specified 
in the case of materials coated on one 
side only, the coated side shall be placed 
next to the water level. In the case of 
double-coated fabrics or double-texture 
fabrics, either surface may be used unless 
the side to be put facing downward 
against the water level is definitely 
specified. The temperature of the water 
shall be the same as the atmospheric 
temperature of the testing room. The 
test shall be conducted in accordance 
with one of the following two procedures, 
except that when the screen and glass 
support is employed only Procedure 2 
shall be used. 


Procedure /.—The pressure sliail be 
increased steadily at the rate of speed 
indicated in Section 14 {h) and a dial 
reading- shall be; taken at the first 
appearance of water through tlie coated 
fabric being tested. Ten different deter- 
minations shall be made and the average 
taken as the hydrostatic resistance of the 
coated fabric. ' An isolated high or low 
result that is not repeated in duplicate 
when a consistent average has been 
obtained without the' ab.nomial reading 
shall be discarded and a retest sub- 
stituted. 

Procedure 2 , — A specified pressure held 
constant "within plus or mirius 2.0 lb. 
shall be applied against the test sped, men, 
for a period of 5 min. Any appearance 
of water, th,rougli the coated fabric that 
can be detected during that period will 
indicate failure to meet the test. At 
least ten specim,eiis from any 'sa,niple of 
material shall be tested. The coated 
fabric will have satis,factoriiy .met the 
required test if at least eight out o,f ten 
tests show no leakage at the pressure 
specified. 

Note. — Any material wh.ich fails to give a" 
value of at least 5 lb. as ,measu.red by either pro- 
cedure of testing shall be regarded a.s .having too 
low a hydrostatic resistance to be .measured by 
this method and the alternate Method .B of using 
the hydrostatic pressure of a rising column ,of 
water shall be tried. 

Report 

32. The report shall include the fol- 
lowing: 

: (i) ■Statement of the method and pro- 
cedure .used and whether or not the 
screen .and glass support was employed. 

(2) With Procedure 1, all observed 
and recorded data together with the 
average value of; the hydrostatic re- 
■sistance in pounds per, square inch. 

, (J) With Procedure. 2, .statement of the 
number of specimens tested, the specified 
pressure applied, ..and the number of 
specimens which., withstood the pressure. 
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Method B, Pressure Application by a 
; Rising Column of , Water- ■ . 

Testing Machine . , 

,,„33. (a) The madi.ine shall , consist of 
,,a,ciam,p .for holding the specimen and a 
means; of; providiiig a coitimn of water 
whose level, can be raised. Figure 2 
shows a suitable apparatus. 

, (5). The damp shall consist of a lower 
■ ring. 6| . in. in outside diameter by 4| in. 
'in inside diameter held in a fixed position 
and provided with a channel | in. in 
width into which a rubber gasket seats, 
and also a movable upper plate which 
shall be 6f in. in outside diameter and 
shall carry the rubber gasket, A wmter 
chamber on. top of the upper plate shall 
have a | in. water inlet, a f in. water- 
opening into the damp, and a J in. vent 
pipe, A suitable mechanism shall be 
provided to close the damp with the 
specimen of fabric between the ring and 
plate. 

(c) The water leveler shall be provided 
with a water inlet, water outlet, and 
overflow^ pipe. It shall be connected to 
the clamp by means of a rubber hose J 
in. in inside diameter. The overflow 
pipe provides a means of maintaining a 
constant level of w^ater. A suitable 
mechanism for raising the water leveler 
uniformly at the required rate and lower- 
ing it again shall be provided. A chain 
and sprocket device driven by a motor 
and controlled by a suitable disk clutch 
has been found satisfactory. 

(d) A steel scale for measuring the 
height of the water column shall be 
attached to the water leveler in such a 
way that the zero is in the same horizon- 
tal plane as the constant water level at 
all times. A reference pointer in fixed 
position at the level of the face of the 
lower ring of the damp shah be provided 
for measuring the distance of travel of 
the water leveler above the face of the 
damp. The scale shall be graduated in 
both centimeters and inches and shall be 


capable of being .read to the nearest 
millimeter or sixteenth of an inch. 

(e) A mirror shall be, provided under 
the damp in order to observe any leaks 
in the fabric being tested. 


Fig. ^2.— Machine for Measuring Hydrostatic 
Resistance of a Coated Fabric by Using the 
Pressure of a Rising Column of Water. 
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Test Specimens 

34. The test specimen of the coated 
fabric shall be at least 8 in. square. The 
specimen may include a seam if desired 
since the rubber gasket provides a means 
of obtaining a tight seal in the clamp. 
At least five specimens from any sample 
of material shall be tested. 

Procedure 

35. The test shall be conducted accord- 
ing to one of the following two 
procedures: 

Procedure l.—The specimen shall be 
laid smoothly on the face of the lower ring 
of the clamp, and the upper plate 
lowered and fastened in place. This 
shall form a water-tight compartment. 
When the specimen is coated on only one 
side, the coated side shall be placed next 
to the water column, unless otherwise 
specified. With the leveler at the zero 
position, the water shall be turned on 
and kept running at such a rate as to 
overflow continuously. The column 
shall then be raised at a rate of 1 cm. 
per sec. until the first drop of winter ap- 
pears through the coated fabric. The 
height of the water column above the 
level of the specimen shall then be read 
on the scale. 

Procedure 3. — ^An alternative pro- 
cedure may be used by placing the 
specimen in the clamp and raising the 
water column to a predetermined height 
and recording the time required for the 
first drop of water to penetrate the 
coated fabric. 

Report 

36. The report shall include the 
following: 

(i) Statement of the method and 
procedure used and the number of 
specimens tested, 

^ , (3) With Procedure 1, the height of 
the. column of water in inches at which 
the first drop appeared on the under 


side of each of the coated fabric 
specimens, also the average value for 

all specimens, • 

(i) With Procedure .2, the preset 
height of the column of water aii,d the 
time elapsed before the first ^ drop of 
water appeared on the under side of 
each specimen of the coated fabric, 
also the average value, for all specimens. ' 

Adhesion of Coating to Fabric 

Testing Machine 

37. A pendulum, type testing madiin,e 
as described in. Section S (h) shall be used 
except that the speed of thepuiliiig clamp 
shall be 2 in. per min. A machine shall 
be considered to be of proper capacity 
for the test, if, when the coating sepa- 
rates from the fabric, the angle which 
the pendulum makes with the vertical is 
between 9 and 45 deg. 





1 . 1 
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Fig. 3. — Test Specimen Showing" Cuts for 
Coating Adhesion Test. 


Test Specimens 

38. Specimens 2 in. in width and 8 in, 
in length shall be cut from the coated 
fabric. Two sets of two specimens' each' 
will be required, one set for adhesion in 
the iongitud.inal direction having the 
longer dimension pa.rallel to the length- 
wise direction of the fabric, and the other 
set for adhes.ioii in the transverse direc- 
tion having the longer dimension paralleL 
to the crosswise direction of the fabric. 
These specimens shall be prepared for 
test as follows: 

(a) When .the, strength of the coating 
film, exceeds the ad.hesive . bond to .the 
fabric, as with thick .'films, the specimen... 
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shall be prepared, for lest by carefully 
cutting the coating through;lo the fabric, 
on two parallel cuts *4 and B^ l ..in. apart 
running lengthwise of- the specimen as 
shown in Fig. 3., Gut .4 ' shall extend, 
from the end of.- the. specimenj 'to 
within 1 in. of the opposite .end, .,17. 
Gut. E shall extend from .end, E to within 2 
in. of end D. , The.ends of cuts A and’ B 
shall be joined together with a. diagonal, 
cut - C which shall also -be carefully .cut- 
through the coating to the, fabric. ■ The 
edge of a knife shall be .worked under' the 
point formed by cuts -./I and C and the- 
coating of the 1 in. strip., separated from 
the backing for a distance of, 2, in. from 
that point. 

(b) With thin films or in cases where 
the coating is not sufficiently . strong . to 
be stripped from the fabric as described 
in Paragraph (a)^ two specimens of the 
coated fabric shall be cemented together' 
face to face with an adhesive suitable for 
adhering the type of coa ting Teing evalu- 
ated, The cuts shown in Fig. 3 shall 
then be made from one side being careful 
to penetrate only through one layer of 
fabric and not to injure the other fabric 
layer. The fabric from one , side shall 
then be stripped down for a distance of 2 
in. This will allow the backing fabric to 
be inserted in one jaw of the machine, 
and a double thickness of coating and a 
backing fabric from the other piece to be 
inserted in the other jaw of the machine. 


The separat.ion between, the coating and 
the backing fabric can then, be , measured 
as -noted ill Paragraph , (a). 

- Note,— In case the fabric is too weak to be 
tested in a 1-in. width, the specimen may be, cut 
3 in. in width and the strip for evaluation cut 
2 in. in width. The results shall then be re- 
corded as pounds pul! per 2-m. strip. 

Procedure ■ 

39. The separated portion of the 4,-in,, 
strip shall be clamped in the lower jaw 
-of the. testing machine and end D of the 
specimen cla.mped , in,, the upper jaw so, 
that the movement of-, .the lo.wer jaw 
will separate .the coating,, from, the ,back- 
ing. The rate of travel, of the lower jaw 
shall ,be 2 in. per min. The p,awls shall 
be disengaged and the pendulum „ailowed. 
to- swing freely. The, ave.rage pull .in 
pounds of the Two, specimens cut in the 
longitudinal direction shall 'be ,; reported 
as' the adhesion ,of ..the .coating in the 
longitudinal direction, and the -average 
pull in pounds of the other two, speci- 
mens, as, the adhesion;, of the coating in 
the transverse direction of the fabric.. . 


Note.— Whea a test for .hydrogea permeabil- 
ity is required, reference, should be made to the 
Tentative Method of: Test for Hydrogen Perme- 
.abiilty of Rubber-Coated Fabrics : (A.S.T.M. 
Designation: D 815).® ' 


'« Appears in this publication, see Contents In Numeric 
Sequence of A.S.T.M. Designations at front of book.. 



Tentative Method of Test for 
HYDROGEN PERMEi\BILTTY OF RUBBER-COATED FABRICS’ 


• 

A.S.T.M. Designation: D 815 - 44 T 
Issued, 1944.2 

This Tentative Method has been, approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test is intended for 
use in the determination of the perme- 
ability of hydrogen into air through 
fabrics coated with rubber or synthetic 
elastomers. 

Apparatus 

2. The apparatus required is the Cam- 
bridge fabric permeameter or its equiva- 
lent. The essential components, proper- 
ly assembled for the test as shown in 
Fig. 1, shall comprise the following: 

(a) W axing Plate A ssemhly .' — A waxing 
plate assembly as shown' in Fig. 2, con- 
sisting of two metal plates 5 in. in diame- 
, ter mounted in a holder so that the fabric 
Specimen may be clamped between them 
with a peripheral ring in. in width ex- 
, posed .for .wax coati,ng. 

: {h) Test Plates . — ^Test plates essen- 
tially in two parts, the lower half being 
the , hydrogen- chamber '^-nd the upper 
half containing .the analysis cell. The 
. specimen to be tested shall be sandwiched 

1 the standardization^^ procedure of the Society, 
this method is, under the Jurisdiction of the A.S.T.M. 
Committee D41 on Rubber and Rubber-Like Materials. 

2 Accepted „by Committee E40 on Standards, Decem- 
ber 13, 1944.. . 


between the upper and lower plates. 
The analysis cell is part of a Wheatstone 
bridge arrangement, which is contained 
in the control box. The hydrogen diffus- 
ing into the analysis cell produces an 
^ ‘unbalance^’ in the system which is regis- 
tered by the galvanometer. 

(c) Control Box . — A control box, es- 
sentially a Wheatstone bridge, with a 
standard cell, A 6-v. storage battery 
or any other means of supplying the 
proper voltage with steady current to 
the operating circuit may be used. 

(d) ■ Galvanometer . — A galvanometer of 
a sensitive type and calibrated by the 
■manufacturer to read in liters of hydro- 
gen per square meter per 24 hr. at a 
stated temperature. 

Test Temperature 

3. The- test shall be conducted at the 
temperature at which the apparatus is 
■calibrated wi'thin a tolerance of plus or 
minus 5 F. All specimens, equipment, 
and gases shall be preconditioned at this 
temperature for 1 hr. prior to test. Un- 
less otherwise specified, 77 F. shall be 
■taken as the standard temperature for 
^calibration and test. A thermometer 
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shall be provided at the back of the lower 
test plate for measiirement of the actual 
temperature while' testing. 

Test Specimens 

4. 'The test specimens shall be accu* 
lately cut : from the coated fabric in 
circular formj 5| in. in diameter. This 
may be done conveniently by means of a 
die having the correct , dimensions. 
Three specimens from each sample shall 


to have failed to co,nform to the spech 

fications. 

Preparation of Speciineiis 

5. The m^axing compound shall be 
prepared by melting together a mixture 
of half beeswax and half pure petrolatum 
in a small tank. Each , specimen shall 
be centered carefully between the wax- 
ing plates and clamped tightly by means 
of the threaded clamp plug. The ex- 
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Fig, 1. — Fabric Permeameter Showing General Arrangement of Set-Up for Testing 

with An: as Reference. 


be tested 'and the average of the readings 
taken as the permeability except when a 
minimum requirement is established, as 
in testing for compliance with a particu- 
lar specification, in which case only one 
test shall be required. If the result of 
this test is below the specified require- 
ment, two additional specimens shall be 
prepared from the original sample and 
tested. Should the results of either of 
these tests be below the specified re- 
quirement, the sample shall be considered 


posed edge of the specimen shall then be 
rotated in the melted waxing compound 
until it is coated with a thin uniform 
layer of the wax. Care shall be taken 
that the cut edge is well sealed by the 
wax. As soon as the wax is sufficiently 
hard, the, waxing.. plates shall be opened 
and the specimen removed. Waxing 
serves three purposes: (a) to define the 
test area exactly, (&) to give a good seal 
between plates, and (c) to prevent the 
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leakage of hydrogen through the. edge of 
the fabric* 

Balancing Period 

6. The apparatus is designed to give 
direct readings of permeability after a pre- 
liminary balancing period, which has the 
effect of bringing the operation onto the 
straight line portion of a curve of perme- 
ability plotted against time. Character- 
istic curves shall be made for each grade 
of material to determine the length of the 
balancing period. For this purpose, the 



Prepared Sample Disk 



Fig. 2. — Preparation of Samples for Testing. 


assembled apparatus shall be first ad- 
justed in accordance with the manu- 
facturer’s instructions so that the gal- 
vanometer reads correctly at zero and 
at maximum deflection. A specimen of 
the material prepared for test shall then 
be clamped between the test plates with 
moderate pressure. Care shall be taken 
to see that the edges of the plates are 
free of accumulated wax and that the 
plate-opening cam is raised so that it 
does not hold the plates apart (Note). 
The galvanometer shall then be brought 
to zero by means of the zero adjustment, 


after which' the hydrogen valve shall be 
opened- and' the rate of .flow set at ap- 
proximately 200 ml. per min. or more for 
1 min. to sw-eep out the air from the 
lower chamber. The time of opening, 
of the hydrogen valve shall be noted and 
taken as the start of the balancing period. 
The flow of hydrogen may be determined 
with sufl&cient accuracy by noting the 
rate of bubbling through a water bottle. 
A pressure of *3 cm. of water shall be 
maintained, on the specimen by immers- 
ing the end of the' .hydrogen ..outlet tube^ 
3 cm, below the surface in the water 
bottle. After the first minute the rate 
of flow shall be cut down to approxi- 
mately 50 ml. per min. This rate will 
assure the maintenance of 100 per cent 
hydrogen on the lower side of the speci- 
men. Starting at the end of the sweep- 
ing out period, galvanometer readings of 
permeability shall be taken at intervals 
of 30 sec. and plotted against time on 
graph paper until the resulting graph is a 
straight line. The length of time after 
the initial starting of the hydrogen flow 
until the curve becomes a straight line 
plus 1 min. shall be taken as the proper 
balancing period to assure that subse- 
quent tests will be conducted on the 
straight line portion of the curve. 

Note. — As the wax on tlie edges of the test 
specimens tends to build up between the test 
plates after several specimens have been tested, 
it is necessary to remove it at frequent intervals 
with a suitable solvent such .as carbon tetra- 
chloride, using care to avoid introduction of 
solvent into. the analysis ceil. This w.ill prevent, 
errors due to change of volume in the test cham- 
ber or leakage of hydrogen caused by imeve.n 
accumulations. After using the .solvent, how- 
ever, ..it is necessa,ry to ventilat.e the upper test, 
plate sufficiently so that any solvent or vapors 
which may have entered the, analysis cell, are 
replaced with air. 

Procedure 

7. In carrying out a, test, .the specimen, 
shall be clamped between the .test plates 
and the hydrog-en flow started as in. the. 
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determination of the balancing period' 
(Section 6). The 'time shall be noted 
and the How continued '.for the duration 
of the balancing period. Since this is 
not critical, it need not be timed closer' 
than within a tolerance of a few seconds. 
The galvanometer' should be kept ap- 
proximately on the zero but- need not be 
balanced exactly to zero during this 
period. As the end of the balancing 
period approaches, the galvanometer 
spot shall be brought slightly to the left 
of the zero mark and allowed to approach 
it without further adjustment. The ex- 
act time the .spot crosses the zero line 
shall be taken as the start of the actual 
test using a stop watch or other suitable 
timing device. The galvanometer shall 
then be allowed to deflect for exactly 2 
min. without further balancing and at 
the end of the 2-miii. period the perme- 
ability shall be read directly from the 
galvanometer scale. Since the instru- 
ment scale is calibrated for a 2-min. 
reading, this interval must not be varied 
unless the scale reading is multiplied by 
a suitable correction factor (Note). 
After completion of the test, the hydro- 
gen flow shall be stopped and all switches 
thrown to the ‘‘'off’' position, after which 


the specimen ahall be removed from the 
test plates. Before inserting the, next, 
specimen for test, the upper plate shall 
be left swung back on its. hinge, for at 
least a minute in order to allow air to 
replace all the hydroge'ii in the analysis 
cell. After inserting the, next specimen, 
it is not necessary to rebalance the in- 
strument, provided the balancing period 
is expected to be the same. The spot 
will be off scale at the beginning of each 
run, but this is immaterial, provided ' it 
is made to approach zero in time for the 
beginning of the next 2-min. reading. 

Note.— I t may be found that some materials 
of high permeability exhibit a characteristic 
curve which begins to droop so early that the 
straight line portion lasts less than 2 min. In 
such cases a 1-min. reading should be taken and 
multiplied by two. 

Report 

8. The report shall include the fol- 
lowing: 

(i) Description of the material tested, 
including thickness and type of 
coating, 

{2) Temperature of test, and 

(J) Permeability expressed in liters of 
hydrogen per square meter per 
24 hr.. 



Tentative Specifications for 

INSULATED WIRE AND CABLE: CLASS AO, 30 PER CENT 
HEVEA RUBBER COMPOUND' 



A.S.T.M. Designation: D 27 - 46 T 

Issued, 1946 ; Revised, 1946 .® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia S, Pa. 


Scope 

1. These specifications cover the con- 
ductors, insulation, cable tape, cotton 
braid, and lead sheaths of Class AO 
rubber insulated wire and cable. The 
design and factor of safety depend upon 
the service conditions and* shall be at 
the option of the purchaser. 

Conductor 

Material 

2. The conductor shall be soft an- 
nealed copper properly coated with tin, 
lead, or lead-alloy, and shall have the 
properties and characteristics specified 
in Sections 3 to 7. Coatings conducive 
to galvanic action at splices, such as 
2 :inc,, are not recommended. 

Strand 

3. Each individual wire of a stranded 


1 Under, the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
,A.S.T..M. , Committee D-11 an Rubber and Rubber-Like 
Materials. 

2 Reverted to tentative by action of the Society at the 
Annual Meeting, June, ,1946; revision accepted by the 
Administrative Cominittee. ©.n^ Standards, September. 9, 

1946. 

Prior to their present publication as tentative, these 
specifications were published as tentative from 1916 to 
1941, being revised in 1916, 1921, 1928, 1931, 1933, 1934, 
1935,1936, 1937, 1938, 1939, 1940, and 1941. They were 
adopted in 1941, published as standard from 1941 to 1946, 
when they were revised and republished as tentative. 
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conductor .shall be considered sef'jarately 
and shall be designated as a strand. 

Shape 

4. Each solid conductor, and' each 
strand shall be round and reasonably 
free from imperfections. 

Stranding 

5. The stranding shall co.nfomi to the 
Standard Specifications for Concentric- 
Lay-Stranded Copper Conductors, Hard, 
Medium- Hard, or Soft (A. S.T.M. Desig- 
nation: B 8) Table II, class B or, where 
specified, class C.^ If a moie flexible 
stranding is specified 1 , 0 . the order, it 
shall .conform to the requirements pre- 
scribed in the Tentative Specifications 
for Rope-Lay-Stranded Copper Conduc- 
tors Having .Bunch-Stranded Memliers 
for Ei€ct.rical Conductors (A.S.T.M. 
Designation: B 172)/ or fo,r Rope-Lay- 
Stranded Copper Conductors Having 
Concentric-Stranded Members for Elec- 
trical Conductors (A.S.T.M. Designa- 
tion: B 173)/ or for Bunch-Stranded 
Copper Conductors for Electrical Con- 
ductors (A.S.T.M. Designation: B 174).® 

» 1946 Book of A.S.T,M. Standards, Part I-B. , ■ 
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Permissible Variations in Diameter and 

Area : 

, 6. Wien the diameter of solid conductors 
and strands is specified, the permissible 
variation from the specified value shall 
not exceed 1 per cent under or 3 per cent 
over for : wire 0.010 in. in diameter or 
larger, and 0.1 mil under or 0.3 mil over 
for wire less than 0.010 in, in diameter. 
When the area of cross-section . of 
stranded conductors is specified, the per- 
missible variation shall not exceed 1 per 
cent under the specified value. 

Tmnmg Test 

7. (a) Where lead or lead-aUo}^ coated 
wire is used the continuity of the lead 
coating shall be determined in accord- 
ance with Section 7 of the Tentative 
Specifications for Lead-Coated and Lead- 
Alloy-Coated Soft Copper Wire for 
Electrical Purposes (xA.S.T.M. Designa- 
tion: B 189).'^ 

(b) Retests and Rejections . — If the 
specimens tested in accordance with 
Paragraph {a) show any signs of failure, 
two more specimens shall be tested. If 
one of these two additional specimens 
fail, that coil or reel shall be rejected. 
If both specimens pass the test for con- 
tinuity of coating, the coil or reel shall 
be accepted. If more than 10 per cent 
of the samples in the entire order fail, 
all of the wire shall be rejected. If 10 
per cent or less of the samples in the 
entire lot fail, each coil, reel, or length 
may be tested and accepted or rejected 
upon the results of the individual tests. 

Insulation 
Methods of Test 

8. (a) Chemical ana- 

lytical tests necessary for determining 
conformity to the chemical composition 
requirements in Section 11 shall be made 
in accordance with the complete pro- 
cedure as described in the Tentative 


■Methods of Chemical Analysis of Rubber 
Products (A.S.T.M. Designation: D 297) 
of the American , Society for Testing 
Materials.^ 

(&) Physical and Electrical Tests.,— 
Ail measurements and tests necessary 
for determining conformity of the in- 
sulation to these specifications shall be 
made in accordance with, the Tentative 
Methods' of Testing Rubber "Insulated 
Wire and Cable (A.S.T.M. Designation: 
D 470)^^. except as otherwise prescribed' 
in these specifications. 

Rubber Compound 

9. {a) Wires and cables ordered 
under these specifications shall be in- 
sulated with Class AO rubber com- 
pound. 

{b) Where performance rubber com- 
pound is desired, the order shall be 
placed under the Standard Specifica- 
tions for Insulated Wire and Cable: 
Performance Rubber Compound (A.S. 
T.M. Designation: D 353),^ where heat- 
resisting compound is desired, under the 
Standard Specifications for Insulated 
Wire and Cable: Heat-Resisting Rub- 
ber Compound (A.S.T.M. Designation: 
D 469),^ and where ozone-resistant type 
insulation is desired, under the Tentative 
Specifications for Insulated Wire and 
Cable: Ozone-Resistant Type Insulation 
(A.S.T.M. Designation: D 574)'^ of the 
American Society for Testing Materials. 

Composition of Compound 

10. (a) Class AO rubber compound 
shall contain exclusively not less than 
30 per cent nor more than 33 per cent 
of the best quality Hevea rubber which 
has not previously been used in a rubber 
compound, solid waxy hydrocarbons, 
suitable mineral matter, antioxidants, 
organic accelerators, and sufficient sulfur 
to properly vulcanize the compound. 

(6) The mineral matter shall be dry. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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, (c) . Tlie waxy hydrocarbons used shaM' ■ 
be solid at :54.;C. and shall be free from 
saponifiable matter. 

{(f) Contamination of the compound,' 
such as by the use of impregnated tapes, 
will not. excuse the m.anufacturer from 
conforming to these specifications, 

Chemical Requirements 

11. (a) Quantitalive , Requirements . — 
The insulation shall consist of a properly 
vulcanized rubber compound which after 
vulcanization shall conform on analysis- 
to the following requirements expressed 
..as percentages'. by weight of the whole 


sample: 

Rubber, .per cent 30 to, 33 

Waxy hydrocarbons, max., per - 

cent. ■ 4 

Free sulfur, max., per cent ..... . 0 . 7„ 


30 'per cent 33 per cent 
Rubbet® , Rubber® 

Saponifiable acetone : ex- . 

' tract, max., per cent. 2.00 ,..2.20 , ' 

Unsaponifiable resins, ■ 

max., .per cent 1.00 ., , 1..10 

Chloroform extract, max., 

percent....... 0,90 , 1.00 

Alcoholic potash extract, 
max., per cent. . 0.55 0.69 

Total sulfur, max., per 

cent........ 2.. 10 2.30 

Specific gravity, min 1.75® 1.67® 

® For percentages between 30 and 33, tbe specific 
gravity limits shall be in proportion to, the percentage of 
rubber found. 

. (J) Qualitative Requirements. — The 
acetone solution ■ shall not fluoresce. 
The hydrocarbons shall be solid, waxy, 
and not" ■■-darker than a light brown. ■ 
The chloroform extract- {60 mb) shall 
not be darker thm a straw color. 

Sampling for Analysis 

12. Samples of, the ,vulca,nized rubber ■ 
compound for chemical analysis shall be 
taken after the successful completion of 
the physical and electrical tests, and 
before applying impregnating com-, 
pounds which : may contaminate ' the 
rubber. The samples shall be taken at 
the option of tiie- purchaser. The 


purchaser shall assure himself that all 
samples are free from contamination 
and change due „ to torch heating. 
Wherever ,. practicable, samples shall be 
■taken. at a distance of at least 3 ft. from 
the end of , the wire. ■, 

Physical Properties 

. 13 . The;. , insulation, shall conform,, to 
the requirements as to physical. proper- 
ties prescribed in. Table L . 

TABLE I.— PH'ySICA,L TEST SEQUI1.EMENTS 
FOR INSULATIO'.N. 


Tensile streng'fcli, min., psL. !2<M 

Tensile stress at 200 per cent elo.ngat.ioii, lain., 30) 
Elongation at rupture, per cent ................ 4tt) 

Set in 2-m, gage, length* mat,,. i.ii . ........ ..... .. , % 

Tensile strength and elongation after 96 hr. in air , 

.' oven test at ,1S7 to 159 F. (69.C to ,70.6: ,C.)* , , 
min., per' cent, of original value . ............... , S5 

Tensile strength and elongation after % hr. in oxy- 


gen pressure test, min., per cent of original value . 75 

High Voltage Test 

14 . Each coil, reel, or length of wire, 
or , cable,. ; . after . „ , vulcanization shall 
successfully withstand the application 
of an alteriiating-cu.rrent voltage of not 
less than that prescribed in .Table II for a 
period of 5 min. 

Insulation Resistance 

15 . (a) Each coil, reel, or length of 
wire or cable after, being subjected to 
the high voltage test specified in Section 
14 shall have ,aii insulation resistance, 
not less than that prescribed in Table HI. 

■ (d) In calculating . ,iiisula tion resist- 
.ance, the, temperature ,coefficie]nts given 
inTableTV sha.ll.be used. , 

Moisture Absorption 

. 1 $. (a) The , increase in the specific 
inductive capacity of the insulation shall 
be used, as an i,iKiication- ,of the amount 
of moisture absorbed. 

(5), The specific inductive capacity 
after 24-hr. immersion in' water shaE not 
exceed six. ■ The,, increase between the 
ends of the first and the fott.rteenth days 
shall not exceed 2,0, per cent and that 
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TABLE. n.-THICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE 

Nots 1. —Rated dxcttit voltage of alteraating-current circuits is the phase-to-phasc voltage. 

Note 2.— For an interinediate size of wire or an intermediate rated circuit voltage^ tlie thickness and the test voltage 
shall be that for the nest larger size or higher rated circuit voltage. 

Note 3, — For non-leaded submarine cables, should be added to the specified respective' walls of insulation 
.in this table for' all sizes and voltages. . ' 

Note 4. — Rated circuit voltages from 0 to S(XX) v. in this table apply to wire for use on groimded and ungrounded 
circuits except where one side of a delta system is permanently grounded, in wh,ich case, multiply the circuit voltage 
(phase to phase) by L73 and use the resulting voltage to select the corresponding insulation thickness, . . 

Note 5.— Above SOCK) v. alternating-current, ozone-resistant insulation is recomm,ended as prescribed In the Tenta- 
tive Specifications for Insulated Wire and Cable: Ozone-Resistant Type Insulation (A.S.T.M. Designation: D 574) of 
the American Society for Testing hfaterials.^ 


R,at.ed Circuit, Voltage 


0 to 300, 


0 to 600 . 


601 to 1000. 


1001 to 2000. 


2001 to 3000. 


3001 to 4000. 


4001 to 5000 . 


5001 to 6000. . 
. ' (grounded) 


3001 to 6000 .... 
(ungrounded) . 


6001 to 7000. . 
(grounded) , 


6001 to 7000 

(ungrounded) . 


7001 to 8000. 


7001 to 8000 

(ungrounded) . 


Size of Conductor, 

A.w.g. Numbers or Circular Mils 

Insulation Thick- 
ness on Each 
Conductor, sixty- 
fourths of an inch 

Test Voltage 

No. 18 to No. 16 

2 

1 000 

No. 14® to No. 12^ 

2 

1 500 ■ 

No. 16 to No. 

3 

3 000 

No. 8 to No. 2 

4 

3 500 

No, i to No. 0000 

, ' S' 

4 000 

225 000 to 500 (KK) cir. mils 

6 

5 000 

525 000 to 1 000 000 cir. mils 

' 7 

6000 

Over 1 000 0(X) cir. mils 

8 

7 000 

No. 14 to No. 8 

4 

SOOO 

No. 7 to No. 2 — 

5 

6 000 

No. 1 to No. 1)000 

6 

7 500 

225 000 to 500 000 cir. mils 

7 

9 000 

525 000 to 1 000 000 cir. mils 

8 

10 000 

Over 1 000 000 cir, mils.. 

9 

11 000 

No. 14 to No. 8 

S 

6 000 

No. 7 to No. 2 

6 

7 500 

No. 1 to No. 0000 

7 

9 000 

225 000 to 500 000 cir. mils 

' 8 

10 000 

525 000 to 1 000 000 cir. mils 

9 ^ 

11 000 

Over 1 000 000 cir. mils. 

9 

11 000 

No. 10 to No. 8 : 

7 ■ i 

9 000 

No. 7 to No. 2 

8 

10 000 

No. 1 to No. 0000 

8 

10 000 

225 000 to 500 000 dr. mils 

9 

U 000 

525 000 to 1 000 000 cir. mils 

9 

11 000 

Over 1 000 000 cir. mils ' 

10 

12 500 

No. 10 to No. 8 

9 

11000 

No. 7 to No. 2. .......... 

9 

11 000 

No. 1 to No. 0000 

9 

11 000 

225 000 to 500 000 cir. mils 

10 

12 500 

525 000 to 1 000 000 cir. mils 

10 

12 500 

Over 1 000 000 cir. mils 

11 

13 500 

No. 8 

10 

12 500 

No. 7 to No. 2. 

10 

12 500 

No. 1 to No. 0000 1 

10 

12 500 

225 000 to 500 000 cir. mils. 

11 

13 500 

525 000 to 1 000 000 cir, mils 

11 

13 500 

Over i 000 000 cir, mils 

12 

15 000 

No. 8 to No. 0000 

10 

12 500 

225 000 to 1 000 000 cir. mils 

11 

13 500 

Over 1 000 0CH3 cir- mils. 

' 12" 

15 000 

No. 8 to No. 0000 

12 

15 000 

225 000 to 1 000 000 cir. rails 

12 

IS 000 

Over 1 000 000 cir. mils. 

13 

16 500 

No. 8 to No. 0000 . . . 

11 

13 500 

225 000 to 1 000 000 cir. mils 

11 

13 500 

Over 1 000 000 cir. mils ............ 

12 

15 000 : 

No. 8 to No. 0000. 

14 

17S00 

225 000 to 1 000 000 dr. mils 

14 ' 

17 500 

Over 1 000 000 cir. mils 

IS 

19 000 

No. 8 to No. 0000. 

. ' ■ IS 

IS 000 

225 000 to 1 000 000 cir. mils 

' ■ 12 

15 000 

Over 1 000 000 cir. mils....................... 

:/13,",' 

16 500 

No. 8 to No. 0000 

16, ' 

20 000 

225 000 to 1 000 000 cir. mils, 

: ■ 56' ' 

20 000 

Over 1 000 000 cir. mils. 

,'V,i7 

21 000 


® Building Wire with wall is permitted in sizes 14 and 12 by the National Ebctncal Code and will be fur- 
nished unless otherwise specified. 

Sizes Nos. 16 and 18 are not recognized by the Hatiomal Electrical Code for 600 v. service. 
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•betm-een the ends of the seventh and 
fourteenth days shall .not exceed S per 
cent 

(c) .The specific .inductive capacity 


measured at 6(1 cycles, the \'oltage im- 
pressed upon tfie conductor shall, be 
equivalent to a stress of between 30 to 
.40 T. per mil of iiisiilatioii* 


TABLE III.-^-INSULATION RESIST.^NCE. 


Insulation Thickness 
of an Inch 

In Sixty-fourths 
■ 

■1 

3 

4 

i 

5 i 

,6 i 

7 ■ 

8 

9 

m 

12" 

Size of Conductor, 
A.w.g. numbers 
or clrcu.lar m.i!3 

Solid 

or 

Stranded 

Diam- 

eter, 

in. 

Insulation Resistance, 
megohms— 1000 ft at 60 F. US.S. C.) 

No. 18. . . . 

Solid 

0.040 

8600 

11 100 



....... 




No. 16. 

Solid 

0.051 

7300 

9 500 






. 1 . 


No. 14. 

Solid 

0.064 


8 300 

9900 

11 300 

12 550 

13 650 

14 6«} 

15 4$0 

16 2S0 

17 650 

No; 12 


0.081 


7 050 

8550 

9 850 

11 Oil) 

12 000 

12 900 

i.nso 

14 SO) 

IS 850 

No, 10. 


0.102 


6 000 

7350 

8 500 

9 6(H3 

10 500 

11 3.50 

! 2 im 

12 850 

14 ISO 

No.. .9. ..,. 

Solid- 

0.114 

5490 

6 770 

7S00 

8 900 

9 810 

10 6;^s! 

11 .5h0 

12 (141 > 

12 nu 

t i .Lli} 

No. 8.,,. 


0.128 



6200 

7 300 

8 300 

9 1.50 

9 950 

10 6S0 

it 350 

12 S50 

Vo 7 , 7 ;' 

Solid 

0 144 


5 720 

6?.t0 

7 640 

8 460 

9 220 

9 92n 

lu .570 

! 1 i.so 

II . 7 % 

No. 6 . 


Ct 184 


4750 

S 600 

6 400 

7 200 

7 900 

8 5(X) 

9 100 

to 200 

No. 4 

Stranded 

0.232 



3900 

4 7{X) 

5 '450 

6 100 

6 700 

7 250 

urn 

S850 

No. 2 

Stranded 

0.292 



3250 

3 900 

4 550 

5 ISO 

5 650 

6 150 

6 CjSO 

7 

No. 1 ........... 

Stranded 

0.332 




3 550 

4 100 

4 6S0 

5 150 

5 600 

6100 

6 950 

No. 0 

Stranded 

0.373 




3 200 

3 730 

4 200 

4 700 

5 150 

5 55G 

6 350 

No. 00 

Stranded ' 

0.418 




2 900 

3 400 

3 850 

4 300 

4 700 

5 100 

5 850 

No. 000 

Stranded i 

0.470 




2 600 

3 100 

3 500 

3 900 

4 25G 

4 650 

(^5 400 

No. 0000 

Stranded 

0.528 




2 400 

2 800 

3 ISO 

3 5.50 

3 9tX3 

4 200 

4 900 

250 000 cir. mils . . . 

Stranded 

0.575 





2 600 

2 950 

3 300 

3 650 

4 000 

4 600 

350 000 cir. mils, . . . 

Stranded 

0,681 





2 250 

2 530 

2 850 

3 1.50 

3 450 

4 000 

500 000 cir. rails. . - , 

Stranded 

0.814 





1 900 

2 200 

2 450 

2 7(» 

2 950 

3 450 

750 000 cir. mils. . . . 

Stranded 

0.998 






1 800 

2 050 

2 2.50 

2 500 

2 900 

1 000 OCX) cir. mils. . . . 

Stranded 

1.152 






1 6t» 

1 8C» 

; 2 cm 

2 '200 

2 600 

1 250 000 cir. mils 

Stranded 

1.289 






i 

1 1 600 

1 1 800 

2 000 

. 2 350 

1 500 000 cir. rails. . . . 

Stranded 

1.412 







i '1 .500 

! 1 650 

1 850 

2 

1 750 000 cir. mils , . . 

Stranded 

1.526 






j 

! 1 400 : 1 550 

1 700 2 000 

2 m 000 cir. mils! ! . ! 

Stranded 

1.631 







j 1 300 

■ 1 500 

1600 

1 i 900 


Insulation Thickness in Sixty-fourths of an 

Inch 

13 

14 

4 

15 1 

.16 

17 

Size of Conductor, 
A.w.g. numbers 
or circular mils 

Solid 

: ■ or ■ 

! Stranded 

Diameter, ' 
in. 

Insulation Resistance, 
megohms— ICXK) ft. at 60 F. (15.5 C.) 

No, 9 

Solid 

0.114 

13 900 

14 430 

14 940 

15 420 

15 870 

No. 8 

Solid 

0.128 

13 100 

13 600 

. 14 iOO 

14 600 

14 9C» 

No. 7.,. 

Solid i 

0.144 

12 280 

12 790 

13 270 

13 720 

14 KX) 

No, 6 ,1 

Stranded i 

0.184 

10 650 

11 150 

11 500 

12 000 

12 450 

No. 4. ^ 

Stranded 

0.232 

9 300 

9 700 

10 100 

10 500 

IQ 900 

No. 2 

Stranded ■ 

0.292 

7950 

8 400 

8 BOO 

9 ISO' 

9 500 

No.. 1.. : 

Stranded 

0.332 

7 350 

■ 7 650 

8000 

8 400 

8 750 

No. 0. 

Stranded . ! 

0.373 

6 750 i 

7 050 

7 400 

7 800 

8 ! O0 

No. 00 

Stranded 

0.418 

6 200 

■ 6 500 

6 900 

7 150 

7 500 

No. 000. 

Stranded 

0.470 

5 70C 

6 150 

6 350 

6 650 

6900 

No, 0000. : 

Stranded 

0.528 

5 200 

5 500 

S 800 

6 050 

6 350 

250 000 cir, mils 

Stranded 

0.575 

4900 

5 200 

5 450 

5 750 

5 950 

350 000 cir. mils 

Stranded 

0.681 

4250 

! . 4 500 

4 700 

4 950 

5 200 

500 000 cir. mils 

Stranded 

0.814 

3 700 

1 . 3 950 

4 150 

4 350 

4 550 

.750 000 cir. mils .... — 

Stranded 

0.998 

3 100 

3 300 

3 500 

3 700 

3 900 

1 000 000 cir. mils ........ 

Stranded 

1.152 

2 750 

2 950 

3 100 

3 300 

3 450 

1 250 000 cir. mils .... 

Stranded 

1.289 

2 500 

' 2 650 . 

2 850 

3 000 

3150 

1 500.000 cir. mils 

Stranded 

1.412 

2 300 

2 450 

2 600 

2 7fK) 

2 950 

1 750 000 cir. mils . — . . .. 

Stranded 

1.526 

2 150 

2 300 

2 4S0 

2 600 1 

2 750 

2 000 000, cir. mils ........ 

Stranded 

1.631 

2 050 

2 200 

2 300 

2 450 

2 600 


Note i.—This table is based on a constant, K 21,120 in.tbe following formula: 


M s= K login 2 

where ,J2 =5* the' insulation resistance in megolim5--lCK)0 £t., 

K «.. constant, ■ , ■ ■■ 

... D = .diameter over insulation, on each conductor, and 
..■ ti «= diameter over cori.ducto.r. . ,1 , 

. Note 2,— For an intermediate size,, the insulation resistance shall he that of. the next larger size. 

shall, .be determined, at either 1000 or. 

60. cycles; .. When, .measured at 1000 . 

cycleSj the voltage, impressed upon the ■ ' 17. (a) The axxrage thickness of the 
conductor .shall not., 'exceed 10 V. When insulation. ■ shall be not less than that 
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prescribed i.n Table II-. Tlie minimum 
thickness shall be not less than 95 per 
.cent of the' thickness required by Table 
II for insulations less than in. in 
thickness and not less than 90 per cent 
of the specified thickness for insulations 
of in. ' and . greater, 

(&) The thicknesses prescribed in 
Table II apply to single-conductor cable 
and the individual conductors of mul- 
tiple-conductor cables, leaded or braided, 
except special applications such as aerial, 
nonleaded submarine, and vertical riser 
cable. 


TABLE IV.— TEMPERATURE COEFFICIENTS. 


Temperature 

Tem- 

pera- 

ture 

CoefS- 

cient 

Temperature 

Tem- 

pera- 

ture 

Coeffi- 

cient 

Fahren- 

heit 

Deg. 

Centi- 

grade 

Deg. 

Fahren- 

heit 

Deg. 

Centi- 

grade 

Deg. 

46 

7.8... 

0,69 

61 

16.1... 

1.03 

47 

8.3... 

0,71 

62 

16.7... 

1.05 

48 

8,9... 

0.73 

63 

17.2... 

1.08 

49 

9.4... 

0.75 

64 

17.8... 

1.11 

SO 

10,0... 

0.77 

65 

18.3... 

1.14 

51 

10.6... 

0.79 

66 

18.9... 

1.17 

S2 

ai.l... 

0.81 

67 

19.4... 

1.20 

53 

11.7... 

: 0.83 

68 

20.0... 

1,23 

54 

12.2... 

0.85 

69 

20.6... 

1.26 

55 

12,8... 

0.88 

70 

21.1... 

1.30 

56 

13.3... 

0.90 

71 

21.7... 

1.33 

57 

13.9... 

0.92 

72 

22.2... 

1.37 

58 

14.4... 

0.94 

73 

22.8... 

1.40 

59 

15.0... 

0.97 

74 

23.3... 

1.44 

60 

! 15.6... 

1.00 

75 

23.9... 

1.48 


Note. — In Appendix II will be found an in- 
terpretation of the insulation tMcknesses given 
in Table II. 

(c) Number of Measurements . — When 
the lot of wire to be inspected consists of 
two coils or reels, or less, at least one 
determination of the thickness shall be 
made on each coil or reel. When the 
lot consists of more than two coils or 
reels and less than 20 coils or reels, at 
least one determination of the thickness 
shall be made on each of two coils or 
reels taken at random. If the lot con- 
sists of 20 or more coils or reels, not less 
than 10 per cent of the coils or reels shall 
be selected at random and at least one 


■determination of the. thickness made, on 
each coil or reel so selected. ' 

' {d) Measurement of Thickness— The 
thickness measurements may be made 
with any type of micrometer reading to 
0.001 in., suitable for measurements of 
this character. The average thickness 
of the insulation shall be taken as one- 
half the difference between the' mean of 
the maximum and minimum' diameters 
measured at any one point and the 
average diameter of the conductor 
measured at the same point. The 
minimum thickness shall be taken as the 
difference between a measurement made 
over the conductor plus the thinnest 
wall and the diameter of the conductor. 
(The first measurement shall be made 
after slicing off the heavier side of the 
insulation.) In the case of multiple- 
conductor cable, the measurements shall 
be made on the individual wires before 
being cabled. 

Workmanship 

18. (a) The insulation shall be homo- 
geneous in character, tough, elastic, 
and applied concentrically about the 
conductor and shall fit tightly thereto. 
Where the insulation is applied in more 
than one layer, adjacent layers , shall be 
vulcanized into a homogeneous mass. 

(6) Shielding . — Wires and cables not 
supported on insulators shall be shielded 
or suitably protected against corona in 
accordance with the detailed recommen- 
dations contained in Sections 20 to 24, 
inclusive. 

(r) Covering . — The insulation' of 
braided wires up to No. 7 A.w.g., in- 
clusive, shall be covered with a single 
cotton braid. In multiple-conductor 
cables the individual conductors shall 
not be braid-covered unless so specified. 
On larger sizes the fibrous covering shall 
consist of a cable tape and a cotton braid 
or two cotton braids. The cable tape 
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shaU. .conform to the requirements speci- 
fied in Sections 25 to 27,, inclusive. The 
cotton braid shall be applied in accord- 
..ance .with Sections 28 to 34, inclusive, 
and shall be finished in accordance with 
Sections 34 to 45.. 

{d) .Repairs Joints . — Where re- 
pairs or joints are made in the insulation, 
the work shall be done in such manner 
that the repaired part of the joint, and 
all parts affected in the process, shall be 
as strong and durable electrically and 
mechanically as the remainder of the 
insulation and shall not exceed the 
limitations on the thickness specified in 
Section 17. 

Rejection 

19. {a) If the thickness of the insula- 
tion of any coil or reel is found to be less 
than the specified value, that coil or reel 
shall be rejected and a thickness 
measurement on each of the remaining 
coils or reels shall be made. 

ib) The purchaser may make a chem- 
ical analysis on any one of the samples 
selected as described in Section 12 to 
determine if the compound conforms to 
the requirements of Section 11. Failure 
of any sample selected to conform to the 
requirements shall be sufficient cause for 
rejecting the wire which that sample 
represents, except in the case of failure 
to conform to the requirements for either 
or both free sulfur and chloroform 
extract. In case of such failure, the 
coil from which the sample was taken ■ 
shall be rejected and two additional 
samples shall be selected from the re- 
mainder of the order. The remainder 
of the order shall be accepted if both 
samples so selected conform to the 
requirements for free sulfur or chloro- 
form extract. The entire order shall be 
rejected if either sample fails. 

(c) When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths may be rejected if more 


than .10 per cent of the samples fail to 
conform to the' requirements as to 
physical properties. If 10 per cent or 
less fail, each coil, reel, or length may 
be tested and shall, be accepted or re- 
jected upon the results of such individual 
tests. When the number of samples 
selected in any inspection lot is less than 
ten, all coils, reels, or lengths shall be 
rejected if more than 20 per cent of the 
samples fail. If 20 per cent or less fail, 
each coil, reel, or length may ^ be tested 
and shall be accepted o,r rejected upon 
the result of such individual tests. 

. {d) Each coil, reel, or Ie.ngth which 
fails to conform to with the electrical 
requirements prescribed in these specifi- 
cations shall be rejected. 

Shielding 

Types 

20 . When shielding is. used, metallic 
shields are most suitable. In some 
cases, when safety to life is not involved, 
local conditions permit the use of the 
semi-conducting type of shield, as in 
power station and substation wiring. 

Application 

21 . Wlien shielding is specified for 
multiple conductor cables, the shield 
shall be applied over the individual 
conductors, except when shielding is 
required for reasons . of safety only, in 
which case the shield may be applied 
over the conductor assembly. 

Metallic Shield 

22 . The metallic shkid sho.uld. be a 
nonmagnetic tape of suitable width and 
at least 0.0025 in. in thickness. It 
shall be applied so as to substantially 
cover the surface of the insulation. 
If applied in an open spiral, the maxi- 
mum space between successive turns 
shall not exceed 10 per cent of the tape 
width. The edges of the tape, . where in 
contact with , the. insulation, shall be 
substantially free from burrs, and joints 
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shall be made electrically contiimotis by ■ 
weldingj soldering, or by suitable over- 
lapping. The shielding tape shall be 
applied directly over the insulation or 
fibrous tape or tapes. Metallic tape 
shall be suitably protected against 
diemical action from contact with the 
insulation. 

Recommended Shielding Practice 

23. Shielding is recommended at 
three-phase operating voltages (line to 
line) above those prescribed in 
Paragraphs (a) and (6) and Section 24, 
except as otherwise specified. 

{a) Metallic Covered Cable . — Multiple 
conductor cables having lead sheath or 
other metallic coverings shall be shielded 
for operation at three-phase potentials 
(line to line) above 10 kv. grounded 
neutral and 6 kv. ungrounded neutral. 
For submarine cables shielding may be 
used throughout but shall be used on 
shore ends. 

(b) Nonmetallic Covered Cable , — 
Single conductor and multiple conductor 
cables having nonmetallic coverings 
shall be shielded for operation at three- 
phase potentials (line to line) above 6 kv. 
grounded neutral and 3.5 kv. un- 
grounded neutral. This shall not apply 
to cables installed on insulators or for 
special conditions. 

Special Conditions for Shielding 

24. (a) Single and two conductor 
cables installed in ducts or metal con- 
duits, unless operating under perma- 
nently dry conditions, shall be shielded 
at all operating potentials above 2 kv. 
whether grounded or ungrounded 
neutral. 

(b) Aerial cables installed in metal 
rings shall be shielded at all operating 
potentials above 2 kv. whether grounded 
or ungrounded neutral 

(c) Aerial cables installed in marlin 
ties shall be shielded for operation at 
three-phase potentials (line to line) 


above 6 kv. grounded neutral and 3.5 kv. 
ungrounded neutral 

(d) Conditions under which- shielding 
is necessary for protection to cables 
coimected to overhead lines, or other- 
wise subjected to induced potentials 
and where protection from accidental 
shocks is necessary, shall be treated as 
individual special cases. 

MorE.-~For single-phase and two-phase 
operation the equivalent voltage shall be deter- 
mined in accordance with Appendix II. 

Gable Tape 

Material 

25. Cable tape made from cotton 
cloth of the following constructions may 
be used: 

Number of Yards 
Weight, per Pound 


Ib. per (40~m. Thread 

sq. yd. Width) Count 

Alternate (a) .. 0.225 4.00 60 by 52 

Alternate (b) . . 0.210 4.30 56 by 48 


The tape shall be treated on one side 
with an insulating compound of a 
nature not injurious to the wire insula- 
tion. The minimum thickness shall be 
0.010 in. Other types of tape may be 
used if approved by the purchaser. 

Application 

26. The tape shall be applied helically 
and may be applied before vulcanization. 
The maximum width and minimum 
overlap shall conform to the values in 
Table V. 


TABLE V. — WIDTH AND OVEPLAF OF 
EDBBER-FILLED CABLE TAPE. 



Maximum. 

Minimum 

Minimum 

Diameter Over 

Width of 

Overlap, 

Overlap, 

iusulation, in. 

Tape, in. 

in. 

percent 

0 to 0.250. . 

..... 

A 

12,5 ... 

0.251 to 0.500.. 

2 

i 

12.5 

0.501 to 0.750.. 

..... 2i 

A”'. 

12.5 

0.751 to 1.00... 

..... 3 

1 

12.5 

1.001 to 1.500.. 

...... 4 


12.5 

1.501 to 2.000.. 

... 

1 ' 

12 5 

Number of Tests 




27. Samples shall be taken at the 
option of the purchaser. 
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, .Cotton. Braid. , 

Types of Braids ; ^ 

;28.„ Three types of cotton , braid are 
covered! in these, specifications, as 
follows: . 

CWe . .Braid, designed for indoor 
service and installation in conduits. 

: Standard. .Braid^ designed for indoor 
service and installation in conduits. 

Heavy Braid, designed for outdoor 
and rough service. 


TABLE VIl.-MIHBfUM THICKNESS OF CODE 


Diameter Under 

BR,A,ID* 
Corresponding 
Minimum Size 
and Fly of 

illinimura Thick 
ness of Code 

Braid, in. 

Cotton Vam 

Braid, in. 

0 to 0.200. 

. 14/1 or 30/2 

0.015 

0.201 to 0.350. 

.12/1 or 26/2 

0.017 

0.351 to 0.800. 

. 10/1 or 20/2 

0.020 

0.801 to 1.500 

12/2 

0.025 

1.501 to 3.000. 

8/2 

0.031 


(c) The number of carriers and the 
number of ends per carrier used in 
applying the braid shall be optional 
providing all other limitations of Sec- 


Code. Braid 

29. Unless otherwise specified, code 
braid shall be supplied. 

Material 

30. Cotton braids shall be closely 
woven from cotton yarn. Standard 
braid shall be woven from cotton yarn 
having not less than two plies. Single 
ply yarn may be used for code braid if 
the diameter under the braid is 0.8 in. 
or less. For diameters greater than 0.8 
in. and for heavy braids, yarn of at 
least two plies shall be used. 

Construction 

31. (a) The braid shall be so con- 
structed that the tangent of the angle 
between the cotton thread and the side 
of the wire shall be not less than that 
specified in Table VI. 


TABLE VI.— TANGENT OF ANGLE OF BRAID. 


Diameter Under • 

Value of 

Correspond- 
ing Braid 

. Braid, in. 

Tangent 

Angle, deg. 

Otol.OO. ...... 

.... 0.700 

35 

1.001 to 1.500...... 

.... 0.839 

40 

l.SOl and over.. . . . . 

.... 1.000 

45 


(b) The thickness of code braid shall 
be not less than that specified in Table 
VII. The, thickness of standard braid 
shall be not less than that specified in 
Table VIII and that of heavy braid not 
less than that specified in Table IX. 


TABLE VIII.— MINIMUM THICKNESS OF STAND- 
ARD BRAID 


Diameter Under 

Minimum TRick- 
aess of Stand,ard 

Corresponding 
Minimum Si» 
and Ply of 
Cotton Yarn 

Braid, in. 

Braid, in. 

0 to 0,200... 

... 0.016 

30/2 

0.201 to 0.350. .. 

... 0.017 

26/2 

0.351 to 0.800... 

... 0.020 

20/2 

0.801 to 1.500... 

. .. 0.026 

12/2 

1.501 to 3.000... 

. .. 0.032 

8/2 


TABLE IX.— MINIMUM THICKNESS OF HEAVY 


BRAID. 


Diameter Under 

Minimum Thick- 
ness of Heavy 

Corresponding 
Minimuia Size 
and Ply of 

Braid, in. 

Braid, In. 

Cotton Yarn 

0 to 0.200... 

. .. 0.020 

20/2 

0.201 to 0.300... 

... 0.022 

16/2 

0.301 to 0.600... 

... 0.026 

12/2 

0.601 to 1.000... 

. .. 0.032 

8/2 

1.001 to 1.500... 

. . . 0.037 

6/2 

1.501 to 2.000... 

. .. 0.045 

4/2 

2.001 to 3. 000. .. 

... 0.056 

4/3 


tions 30 and 31 are fulfilled. The picks 
per inch shall be not less than the value 
as calculated by the following formula: 


T ^ T 

T,/ c T 

tE + 

2«-(a+ r)_ 


where: 

P = the picks per inch, 

T = the thickness 'of braid, in inches, 

. I = 21' ■ 

t = the thickness of 'One end of 

. , ' .. 0.0279 X 

cotton, m inches == 


Vs 


X == cabling factor for plied yarn, 


2 ply ** 1.60 

valuta of K are: • 3 ply ^ 

i4ply«2J6 
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'.S' = the cotton ply s size or nnmberj. ■. 
£ ;= tbe,, number of ends .per carrier, ■ 

, , C number of carriers., 

: , D == the' .diameter tinder, braid, .in 
incbes, 

M =, the space between each, set of 
carrier threads, in inches, 

if >= X (0.011 + 7.0 

X == , the clo.seness constant: 

Values o£X' 

' Diameter Under .Code Standard and 

. Braid, in... Braids Heavy Braids 

0 to'.0.500.. ............. 1.7 . , 1.1 

, 0.501 and over. ,1.5 1.0 

For convenience in calculating the 
more usual braid constructions, the 
formula for picks may be reduced to: 


where: 


Id 4* r)2 


HE + M? 


Values of F for some of the more 
commonly used cottons are given in 
Tables X and X.I. 

■ TABLE X.--VALUES OF F FOR CODE BRAIDS. 


Values of F for Code Braids 


Thickness ' 
of Braid, 


For Dia.m.eters 
Under 0.500 in. 


For Diameters 
O.SOl In. and Over 


Values of Z for the standard braiders 

are: 


Number of Carriers 

12 

16......... 

20 

24 

36 


Values of Z 

3.65 

6.49 

10.13 

14.59 

32.80 


48 58.40 

. (d) For braid over twin wires use 1.64 
times the , conductor diameter to deter- 
mine the proper braid. 

(e) When two braids are specified, the 
outer braid shall be determined by the 
diameter over the inner braid. When 
the diameter change-over limit is such 
that Table VIII or Table IX and this 
section require different sizes of yarn 
on the inner and outer braids, both 
braids may be of the size of yarn as 
required on the outer braid. 

If) When two braids are applied in 
one operation, these specifications shall 
apply to the inner and outer braids 
except that picks per inch and angle of 
braid for inner braid shall be governed 
by the construction of the machine. 

(g) These specifications do not apply 
to braids for fixture wire or to fancy or 
special braids. 

TABLE XI.-VALUES OF F FOR STANDARD AND 
HEAVY BRAIDS. 

% I lvalues of F for Standard and Heavy Braids 


Thick- For Diameters 
ness of Under 0.500 in. 


For Diameters O.SOl 
in. and Over 



2 End 

W 

(T) 

O.OIS... 

. 755 

453 


. 699 

406 

o.om.. 

. 625 

351 

0.0197..' 

.. 541 

290 

0.0162.. 

. 693 

397 

0.0168.. 

. 662 

377 

0.0175. . 

631 

355 

0.0182.. 

. 601 

333 

0,0190.. 

. 568 

310 

0.0200. . 

528 

284 

0.0210. . 

. 497 

260 

0.0223.. 

. 452 

232 

0.0238. . 

412 

207 

0.0257.. 

. 367 

176 

0.0282.. 

,. 316 

148 

0.0316.. 

262 

108 

0.027S.. 

. 322 

152 1 

0.0298.. 

2S8 

132 ■ 

0.0322,. 

252 

112 

0.0352.. 

..212 

91 

0.0394.. 

.. 171 

70 


2 Ends 

3 Ends 

4 Ends 
Tinds 
6 Ends 

Size and 
ton Ya 

Braid, T 

-d 

S 

End 

End 

a d 
W W 

■XJ 

T3 

W 

•V TJ 
a . ci 

w m 

T> 

W 

TJ 

a 

W 





. 



_L 



UO 


30/2 

0.0163.... 

1081 

592 358 

233 .. . 







■ *" 26/2 

0.0175.... 

982 

526 312 

220 .. . 






603 325 

ioi iio . . . 24/2 

0.0182.... 

930 

492 290 

185 . . . 







20/2 

0.0200. . . . 

807 

416 241 

151 878 

446 

259 

i63 




*■ •••{••■ 16/210.0223.... 

683 

339 193 

118 73S 

365. 

207 

127 . . . 




. .. W2 

0.023$.... 

616 

302 168 

103 664 

324' 

180 

Ill .... 




! r 12/2 

0.0258. . . . 

538 

257 142 

85 582 

276 

152 

92 59 

40 

28 


10/2 0,0282.... 



... 497 

231 

125; 

74 ''48^ 

32 

22 


r s/2 

0.0316.... 



... 407 

183 

96^ 

56 35' 

23 

16 

603 318 

186116 77 ^ 










(A) In Tables Xn and.XIII are tabula- 
ted the required picks per inch as calcu- 
the formula in Paragraph (u) and the 
lated by corresponding braid angle for 
braids applied with the minimum size 
and ply of cotton, and a definite number 
of ends per carrier. However, it is not 


TABLE XII.— TYPICAL CONSTRUCTIONS FOR CODE BRAID 
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the inteBt of these specificatioBB to 
limit the braids .to, the scopes of Tables 
XII,aBd:Xn,I,siiice,,Iiea¥ier'. cottons or a 
variation 1,11 '.end.s .per. carrier are per- 
missible providing .all ■ requirements of. 
Sections 30 and 31 are fulffled. ■ , 


■ ■ (c) Ticks per Inchj .on ,a 4-iii. sample 
after... wiping off outside of braid with 

chloroform. 

■ (d) Angle^ of. Braid by formula.: 

Tangent of Angle = 


TABLE Xni.—TYPICAL. CONSTRUCTIONS FOR STANDARD AND HEAVY BRAID. 


Diameter UBder , 
Braid, D, la. 

■, Siase 
and 
Fly 
of .. 
Cot- 
ton 
Yarn, 
min. 

Nua- 
■b®r 
. ©f. 
Enda 

%!iick- 

ness 

of 

Braid, 
min.. 
In. ■ 

Diam- 
eter 
Mean 
Avg, 
(D + 
D, 
in. 

12 - 

Carrier 

Braiders 

16- 

Carrier , 
Braiders 

20 - 

Carrier 

Braiders 

■* 24- 
, Carrier 
Braiders 

36- 

Catrier 

Braid.ers 

. 48- 

Carrier 

Braiders 

Picks 
per inch 

*> 

"Sb 

a 

< 

!!S 

2 ^ 
P3-C 

Picks 
per inch 

t? 

*» 

2 

*fS si 
CA-d 

J 

.H S 

.{3* 

Braid Angle, 
deg. 

Picks 
per inch 

*u 

."H 

*3 be 

Picks 

per inch 

Braid Angle, 

deg. 

Picks 

per inch 

Braid Angle, 
deg. 

Standard Braid 

n.non 


2 


RIII9I 

(SRI 

57.0 

22.6 

43,0 









D to d n 


- 2 ■ 

0,0163 

0.116 

28.6 

60.0 

24.7 

48.0 











2 

0.0163 

0.134 

29.8 

65.0 

27.0 

55.0 

23.0 

44. 0- 







D 1?A 


2 ■ 

0.0163 

0.1S4 

30.6 

68.0 

28.6 

60,0 

25. 8 

51.0 







0 5^1 t o n 


2 

0,0163 

0.179 

31.2 

71.0 

20 .g 

64.0 

27.8 

58.0 







n i 7 fi to 0-200 

■SfjWiB 

2 

0.0163 

0.204 

31.6 

73.0 


68.0 

29.1 

62.0 







a ?ni to 0,225 

26/2 

2 

0.017S 

0.231 

30.2 

74.3 

29.3 

69.4 

28.1 

63.9 

26.6 

58.1 





n 22fi to 0.250 - . 

26/2 

2 

0.0175 

0.256 

30.4 

76.2 

29.7 

71.5 

28.8 

66.7 

27.6 

61.6 





0 251 to 0-500. . 

26/2 

2 

0.0175 

0.293 

30.4 

78.0 

mm 

74.0 

29-5 

70.0 

28.6 

65.0 





n to 0.550 . . . .. 

26/2 

2 

0.0175 







73.0 

29.4 

69.0 





0 ,151 to 0.40Q 

20/2 

3 

0.020 

0.396 





18.8 


18.0 

62.0 





n 401 to 0 .450 ..... 

20/2 

3 


8.445 





19.1 

70.0 

18. S 

65'.0 





0 4.5? to 0-500. ...... 

20/2 

3 


0.495 





19.4. 

72.0 

18.9 

68.0 





0 501 to 0-600 

20/2 

3 


0.570 





w«iil 

75-0 

20.1 

72.0 





0 60! to O.SOO. 

30/2 

3 

0.020 

0.720 





miHJI 

78.0 

20.5 

76.0 





0 SOI to 1.000 

mVSm 

4 

0.0258 

0,925 





il.S 

73.7 

11.6 

70.3 

10.7 

59.8 

9.2 

48.6 

1.001 to 1.200 

12/2 

4 

0,0258 

1.125 





12.0 

76.8 

11.9- 

74,0 

11.2 

65.7 

10.3 

56.0 

1.201 to 1,500.... ... 

12/2 

4 

0.0258 

1.376 







12.0 

77.0 

11.6 

70.2 

11.0 

63.2 

j 501 to 2-000 

8/2 

5 

0.0316 

1.782 







7.2 

73.3 

6.8 

64.6 

6.1 

55.0 

2.001 to 3-000..... . . 

8/2 

■ S' 

0.0316 

2.532 







7..^ 

78-2 

7.1 

72-2 

k.Q 

6fi.2 










HUH 

HMI 

HHMi 

HHI 

HHHI 

HMH 

HIM 

Heavy Braid' 

0.090. ...... 

20/2 

2 

0.020 

0.110 

22.6 

52.5 

16.5 

35.5 









0 091 to 0.110. ..... . 

20/2. 

2. 

0.020 

0,120 

23.6 

56.0 

18.9 

41.7 









O.ill to 0.125...... , 

20/2 

2 

0.020 

0.138' 

24.6 

58.3 

21 .5 

49.3 







..... 


0.126 to 0.150 

20/2 

■2.' 

0.020 

0.158 

25.7 

64.6 

23.3 

55.3 

20.0 

44.8 







0.151 to 0.175...... . 

20/2 

2 

0.020 

0.183 

26.4 

67.5 

24.8 

60.5 

22.7 

52.5 

19.2' 

42.5 





0.176 to 0.200...... . 

20/2 

2 

0.020 

0.208 

26.9 

70.4 

25.5 

65.8 

23.7 

57.0 

21.6 

49. S 





0.201 to 0.225...... . 

16/2 

2 

0.0223 

0.235 



23.S 

56. S 

22.4 

58.8 

20.4 

51. S 





0.226 toO.250...... . 

16/2 

■ ■ 2 

0.0223 

0.260 



25.8 

77.8 

23.0 

62.0 

21.6 

55.6 





0.251 to 0.300...... . 

16/2 

3 

0.0223 

0.297 ^ 



16.3 

62.3 

15.0 

,54.5 

13.2 

49.5 





0.301 to 0.350...... . 

12/2 . 

3 

0.0258 

0.351 





13.2 

55. 4 

11.8 

47.3 





0.351 to 0.400. 

12/2 

3 

0.0258 

0,401 





13.9 

60.1 

12.9 

53.5 





0.40! to 0.450.. 

12/2 

3 

0.0258 

0.451 





14.4 

63.9 

13,6 

58.1 





0.451 to 0.500...... . 

12/2 

3 

0.0258 

0.501 





14.7 

66.6 

14.1 

62.0 





O.SO! to 0.600....... 

12/2 

3 

0.0258 

0.576 







15.2 

66.4 

13.3 

S5.7 



0.501 to 0.800... .. . . 

8/2 

■■ 3 

0.0316 

0.732 







12.5 

67.3 

11.1 

57.2 



0.801 to 1.000..-.- , . 

8/2 

3 ' 

0.0316 

0,932 







12.9 

72.3 

12.0 

65. 0 

10.8 

53.0 

1,001 to 1.200....... 

6/2 

■2 , .. 

0.037 

1.137 









17.0 

74.9 

16.4 

67.7 

1.201 to 1.500 

6/2 

.2 

0.037 

1.387 









17.2 

77.7 

16.8 

71.8 

1.501 to 2.000....... 

4/2 

3 ■ 

0.0446 

1.795 









8.6 

71.3 

8.1 

62.3 

2.001 to 3.000..... .. 

4/3 

. ,3', 

0,0556 

2.SS6 









6.6 

72,8 

6.3 

64.5 
















Measurements . 

32. The various quantities shall be 
determined as follows: 

(a) Diameter Under Braid ^ by a suit- 
able micrometer reading. 

(b) Number of Carriers and Ends per 
Carrier f by examination of braid. • 


fe) Thickness of A sample, of 

braid approximately 2 in. in length shall 
be carefully slit and removed from the 
completed wire and immersed in chloro- 
form or other' suitable ' solvent for 5 
min. . The solvent shall be decanted and 
the operation repeated until the cotton 
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is, substantially free of saturating and 
inishing. m,ateriaL The, sample shaE 
then be dried by pressing between blot* 
..ting papers.' The extracted sample shall 
be measured by means of a dial microm*. 
eter li.avmg a presser foot 0.4 in. in di- 
ameter and a weight on the sample of 50 g. 
Five readings shall be made at different 
points on the sample and the average 
taken as the thickness of the braid. In 
the case of a double braid, each braid 
shall be removed and measured separ- 
ately. , 

■R'umber of Tests . . 

33. Samples shall be taken at the 
option of the purchaser. 

Finish 

Saturation and Finish of Braids 

34. The braid or braids on wires and 
cables for indoor use shall be saturated 
and finished in accordance with the 
requirements specified in Sections 35 to 
38, inclusive. The braid or braids on 
wires and cables for outside aerial use 
shall be saturated and finished in accord- 
ance with the requirements specified in 
Sections 39 to 44, inclusive. 

Finish for Indoor Use 
Saturant and Finish 

35. The braid covering on single con- 
ductor 600-v. wires and cables for indoor 
use shall be thoroughly saturated with a 
flame-retardant, moisture-resistant com- 
pound. On all other wires and cables 
for indoor use, the braid covering shaU be 
thoroughly ; saturated with a moisture- 
resistant compound. The surface of a 
finished, braid-covered wire or cable for 
indoor use shall be smooth and free from 
" tackiness. V '■ 

'Horizontai Flame Test : 

36. The flame-retardant properties' of 
fibrous coverings, other than tapes, on 


single .co.nductor 60C)-v. wires, not smaller 
'that No. 14 x\.w.g., shall be such that the 
flaming section of a specimen suljjected 
tO' the horizoiita! llame lest sliaii not 
extend in either direction for a distance 
greater than 2 in. from the center point 
of the application of the test iiame after 
the flame has been applied for a period 
of 30 sec. 

Moisture Test 

37. The moistu,re-resistant properties 
of the braid covering on wires and cables 
for indoor use shall be such that the 
saturated and finished braid covering 
will not absorb more than 20 .per. ce.nt of 
its weight of moisture after /immersion 
in water at 21 C. for a period of 24 hr. 

Bend Test 

38. The flexibility of the finished braid 
covering on wires and cables for indoor 
use shall be such that when a sample of 
wire or cable is bent around a mandrel 
of the diameter prescribed, and in the 
manner specified in Section 36 (5) of 
Tentative Methods D 470/ no threads 
of the braid covering shall be broken. 
The finishing material shall not flake 
off the wire or cable without actual 
rubbing of the surface. Cracking of the 
finish shall not be considered cause for 
rejection. 

Finish for Outside Aerial Use 
Saturant 

39. The saturant used in the braid 
covering on wire or cable for outside 
aerial use shall be an asphaltic-base 
material, or an asphaltic-base material 
blended with suitable high-melting-point 
waxes, but in neither case shall any 
volatile materials such, as paraffin scale 
wax, wax tailings, or flux oils be added. 
The physical . ch.aracteristics of the 
saturant, before being placed in the 
saturating tank, shaU conform to the 
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requirements prescribed in the following, 
.table: . 


SofteaiEg point Crmg-aad-ball 

^ method), deg. Fahr. 

Penetration at 2S C. (77 F.), 100 

Loss .on heating at 32S F. (163 C.), 

, ■ . SO.g,, S hr.., pe.r cent. .... 

Changes after, loss on heating^ test 
(crust 'forined on specimen 
during heating, test removed.) : 
. Softemng point (Note) (ring- 
and-ba.!l method), max. rise. . 
Penetration, at 23 0. (77 F.), 
100 g., 5 sec: 

Max., change 

Min. penetration 


A.S.T.M. 
Limit Designa- 
tion* 

145 min. D 36 

20 to 35 D 5 

0.3 max. D 6 

10 F. D 36 

10 D 5 

15 D 5 


* These designations refer to the following methods of 
the .Amer.ican Society for Testing Materials: 

Standard Method of Test for Softening Point of 
Bituminous Materials (Eing-and-Bali Method) (A.S.T.M, 
Designation: D36),s 

Standard Method of Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: D5),J^and 

Tentative Method of Test for Loss on Heating of Oil and 
Asphaltic Compounds (A.S.T.M. Designation: D6).s ^ 
Note.— 'The softening point after the loss on heating 
test shall be determined in water if the test before heating 
was made in water, or in glycerol if the test before heating 
was made in glycerol. 


Saturation 

40. Saturation of the braid covering 
with the saturant specified shall be so 
thorough that no white or unsaturated 
ends of fiber will be exposed by a diag- 
onal cut through the covering. 


Finish 

41. (a) The saturated braid covering 
of the wire or cable for outside aerial 
use shaE be finished with a dark colored 
flexible coating material (except as 
otherwise specified), such as stearine 
pitch or high-softening-point asphalt, 
and coated with mica flake or other 
suitable finely divided dry noncon- 
ducting material, to provide a smooth 
surface free of tackiness and conforming 
to the bending, 4 inel ting, and dripping 
requirements prescribed in Sections 42 
to 44, inclusive. Excess mica shall be 
'avoided. '■ 

(h) The outer braid covering of the 
finished wire or cable, together with the 
compounds in and over this covering, 
shaE contain not less than 5 per cent 
nor more than 20 per cent by weight, 


of weE-dispersed, nonmetallic com- 
mercial 90 per cent, 325-mesh, slate 
dust, or other finely divided dry mineral 
filler as agreed upon by the, manufacturer 
and the purchaser. 

, (c) If the cable construction involves 
two or more over-aE braid coverings, 
the inner covering may contain the 
mineral filler specified in Paragraph (S), 
but in no case shall, the complete covering, 
exceed a mineral filer content of 15 
per cent by weight. 

Bend Test 

42. (a) Each specimen of finished 
wire or cable for the bending test shaE 
be wrapped around a mandrel having an 
over-all diameter equal to the cable 
diameter muitipEed by the factor given 
in Table XIV. 


TABLE XIV .-FACTORS FOR DETERMINING 
BENDING TEST MANDREL DIA3UETER. 


Multiplying 

Factors 



Cable Diameter, 
in. 


Covered Size, 
A.w.g. numbers 






ft*" s 




0 to 0.5 

0.501 to 1.000. . I 

1.001 to 1.500. . I 
Over l.SOO 


Any size 

No. 0000 and under 
No. 0000 and over.. 
No. 0000 and under 
No. 0000 and over.. 
Any size — 


3 

4 
6 
6 

5 
12 


4 

5 
f 
7 

10 

12 


(6) Single conductor cable 0.500 in. 
and under in diameter shall be wrapped 
three times around the mandrel, single 
conductor cable over 0.500 in. in diam- 
eter and any multiple conductor cable 
shaU be wrapped,^ once around the 
mandrel. 

(c) The specimens shaE be maintained 
at a temperature of 32 F. (0 C.) for 
approximately 1 hr. before bending, and 
bent at a uniform rate not greater than 
12 turns per minute, immediately upon 
removal from the cooling chamber. 


s 1946 Book of A.S.T Jl. Standards, Part HI- A. 
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(d) The yam in, the fibrous covering 
shall not break under test nor shall the 
finishing material flake off the wire or 
cable without actual rubbing of' the 
surface. Cracking of the finish shall 
not be considered cause for rejection. 

Melt Test 

43. A 6-in. specimen of the finished 
wire or cable shall be wrapped, except 
for 1 in. at each end, with a piece of 
clean white glazed paper. The wrapped 
specimens shall be suspended hori- 
zontally by the ends, in an electrically- 
heated oven, equipped with suitable 
automatic temperature control, which 
has been previously heated to 148 to 
152 F, (64.4 to 66.7 C). The w;ire or 
cable shall be maintained at this temper- 
ature for 30 min., and then allowed 
to cool before inspection. After this 
test, the paper shall not adhere to the 
cable, nor shall the compound have 
become sufficiently fluid to be transferred 
to the paper to form a ridge perceptible 
to the touch. 

Drip Test 

44. Specimens of finished wire or 
cable for the drip test shall be cut in 
6-in. lengths, and the wire bared for a 
distance of f in. from each end. The 
specimens, with one end secured in a 
suitable clamp, shall be suspended at 
an angle of 45 deg. in an electrically- 
heated oven, equipped with suitable 
automatic temperature control, which 
has been previously heated to 178 to 
182 F. (81.1 to 83.3 C.), and the wire 
maintained at this temperature for 1 hr. 
At the end of this time the compound 
shall not have dripped, formed globules 
on the lower side of the specimen, or 
formed bubbles upon its surface. 

Methods, of Testing , 

45. The properties for finish enumer- 
ated in these specifications shall be de- 


termined in accorda,nce with the pro- 
cedures described in Sections 33 to 39 of 
the Tentative Metho.dsof Testing Rub- 
ber Insulated Wire and Cab.le (A.S.T.M, 

Designation :'D 470).'^ 

Lead Sheaths 

Composition 

46. (a) Lead sheaths shall con,sist of 
chemical lead, acid' lead, copper lead, or ' 
common desilverized lead A as pre- 
scribed in the Standard Specifications 
for Pig Lead (A.S.T.M. Designation: 
B29).3 

■ (b) Lead sheaths shall be tightly 
formed around the core of the wire or, 

cable. 

Thickness 

47. Lead sheaths shall have an aver- 
age thickness not less than that indicated 
in Table XV and the minimum thick- 
ness shall in no place be less than 90 per 
cent of the required average thickness. 

TABLE XV. — THICKNESS OF LEAL SHEATHS. 

Thickness of Sheath, 

Diameter of Core, in.® sixty-fourths of an inch 

Over 3. 000 9 

2.001 to 3. 000 8 

1.501 to 2.000 7 

1.051 to 1.500 6 

0.701 to 1.050 5 

0.426 to 0.700 4 

0.000 to 0.425 3 

* For twin cables, use the major axis. 

Measurement 

48. A short section of the lead sheath 
shall be removed from, the wire or cable 
and the thickness measured with a suit- 
able micrometer caliper at not less than 
ten points, of approximately equal 
spacing, care being taken to include the 
thinnest and the thickest parts. 

Inspection and Rejection 

Inspection and Test ' 

49. (a) Inspection shall be made prior 
to shipment and at' the place of manu- 
facture. 
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(b) The manufacturer shall notify the 
purchaser suflldently in, advance of the 
completion of the .wire ^ or .cable to per- 
mit of arrangements for inspection. 

{c) The ,, inspector representing the 
purchaser shall have free entry at ail 
times, while work .on the contract of the 
.purchaser , is being performed, to all 
parts of the manufacturer's works which 
cdncem the manufacture of the wire 
ordered, except compounding room. 
The manufacturer shall afford the inspec- 
tor, without charge, all reasonable fa- 
cilities to satisfy him that the wire is 
being furnished in accordance with these 
specifications. 

(d)' The purchaser at his option may 
make the various tests on samples in his 
own laboratory or elsewhere, but such 


tests shall be made at the expense of the 
purchaser. 

Rejection , . 

50. Each coil, reel, .or length which 
fails to conform to the physical and elec- 
trical requirements of these specifications 
shall be rejected. 

Rehearing 

51. Samples of rejected material shall 
be preserved for two weeks from the date 
of the test report. In case of dissatisfac- 
tion with the results of the test, the man- 
ufacturer may make claim for a rehearing 
within that time. Sealed duplicate 
samples may be retained by the manu- 
facturer at his option. 


(See Appendices, p. 1119) 
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Annealed Coffee Standaed" 


The following shall be taken as norma! values 
for standard annealed copper: 

{a) Resistance.—kt a temperature of 20 C. 
the resistance of a wire of standard annealed 
copper 1 m. in length and of a uniform section 
of 1 sq, mm. is ohm = 0.017241 ohm. 

' (h) Density. —At a temperature of 20 C. the' 
density of standard annealed copper is 8.89 g. 
per cu. cm. 

(c) Temper aime Coefficient of Resistance . — 
At a temperature of 20 C. the ^'constant mass” 
temperature coefficient of resistance of standard 
annealed copper, measured between two poten 


tial points rigidly fixed to the wire, is 0.00393 
= 1/254.45 per deg. Cent. 

(d) Other values of resistivity of standard 
annealed copper at 20 C. deduced from Para- 
graphs (a) and (b) are as follows: 

Resistance of a wire of imifonn section, 1 
meter long and weighing 1 g. =* 0.15328 
ohm. 

Resistance of a wire with a uniform section 
of 1 cir. mil and 1 ft. long « 10.371 ohm. 

Resistance between opposite faces of i cu. 
cm. != 1.7241 microhm. 

Resistance between opposite faces of 1 cu. 
. in. — 0.67879 microhm. 
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Interpretation op Insulation Thicknesses in Table II 


For series-street-lighting cable, use the following 
procedure: i 

Al. (a) If the transformer is not equipped 
with protectors, use the open circuit secondary 
voltage of the transformer as rated voltage of 
the cable and select the proper wall thickness 
from Table II. 

(b) If the transformer is equipped with pro- 
tectors, use the closed, or loaded secondary volt- 
age of the transformer as the rated circuit 
voltage of the cable and select the proper wall 
thickness from Table II. 

Note. — It is preferable, both in Para- 
graphs (o) and (b) above, to select a cable 
with a higher voltage rating than obtained 
using the above procedure, both as a meas- 
ure of safety and to allow the substitution 
of a larger transformer without necessitat- 
ing the replacement of the cable. 

The thickness of insulation for the various sys- 
tems shall be determined as follows: 

A2. (u) For three-phase systems with 
grounded or ungrounded neutral, use thickness 
values in accordance with Table II. 

(b) For single or two-phase systems up to and 
inciuding 3000 v., use thickness values in ac- 
cordance with Table II, as specified for grounded 


® Extracts from , American Institute of Electrical 
Engineers’ Standard No, 30 ,(1932). 


neutral. Where it is not definitely specified 
that a line operates as an isolated single or two- 
phase system It shall be considered as a branch 
of a grounded three-phase circuit and the thick.- 
ness of insulation shall be that required by the 
phase- to-phase voltage of this grounded, three- 
phase circuit as given in Table II. 

(c) For single or tw'o-phase systems operat- 
ing at over 5000 v. with one side grounded, 
multiply the circuit voltage (phase-to-phase) by 
1.73 and use the resulting voltage value to 
select the corresponding insulation thickness for 
grounded neutral as specified in Table XL 

(d) For single or two-phase systems operating 
at over 5000 v. with the center grounded, multi- 
ply the circuit voltage (phase-to-phase) by 0.866 
(JV 3) and use the resulting voltage value to 
select the corresponding insulation thickness for 
grounded neutral as specified in Table II. 

(e) For single or two-phase ungrounded sys- 

tems operating at over 5000 v., multiply lie 
circuit voltage (phase-to-phase) by 0.866 (| 3) 

and use the resulting voltage value to select the 
corresponding insulation ■ thickness for . un- 
grounded neutral as specified in Table II. 

(/) For direct-current systems, consider the 
same as single-phase altematiiig-current systems 
in .accordance with Paragraph A2 (b). 


TeTitative Specifications for 

INSULATED WIRE AND CABLE: HEAT-RESISTING 
SYNTHETIC RUBBER COMPOUND' 


A.S.T.M. Designation: D754-46aT 

(Revision of Specificaiiofis D T54- 46 T) 

Issued, 1943; Reahsed, January 1946, August 1946.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa- 



Scope 

1. (a) These specifications cover wire 
and cable insulated with a vulcanized 
compound, the rubber hydrocarbon con- 
tent of which shall consist substantially 
of synthetic rubber. They are intended 
to permit the use of the compound 
known as ‘^Government Rubber, type 
GR-S, but are not restricted to this 
type. The suitability of the compound 
as insulation shall be determined solely 
by physical and electrical tests, and 
compounds of any vulcanized, general 
purpose synthetic which conforms to the 
test requirements shall be considered 
acceptable. This compound is a heat- 
resisting type and is ordinarily con- 
sidered suitable for use at conductor 
temperatures not in excess of 167 F. 
(75 C.). This compound is not recom- 


J Under the standardiaation procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M- Committee D-U on Rubber and Rubber-Like 
Materials. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such li- 
ability, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Revisions accepted by the Administrative Committee 
on Standards, January 10, 1946, and September 9, 1946, 

Prior to their publication as tentative, these specifica- 
tions were issued as Emergency Specifications ES-33 
from August 13, 1943, to December 27, 1943. 


mended for installation or use in severe 
flexing service at a temperature lower 
than —35 C. 

(b) Except for the insulating com- 
pound, wire and cable supplied under 
these specifications shall conform to the 
construction requirements of the Tenta- 
tive Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent Hevea 
Rubber Compound (A.S.T.M. Designa- 
tion: B 27).^ 

Physical Properties 
2. The insulation shall consist of a 
properly vulcanized syntlietic rubber 
compound which shall conform to the 
requirements prescribed in Table I. 

TABLE . I. — PHYSICAL TEST REQUIREMENTS lOR 
INSULATION. 

Tensile strength, min., psi.. . ... 700 

Elongation at rupture, min., per cent . .... . 300 

Tensile strength and elongation after 20 hr. 
air pressure heat test, min., per cent of 

original value ............ 50 

Tensile strength and elongation after 168 
hr. at 80 C. in oxygen pressure test, min., 
percent of original value. . . , . . . . ... . . 50 

■ Note 1. — The above values,, are, applicable 
only to conductors having nominal wall thick- 
nesses of insulation in. and greater. 


* Appear.^ in this publication, see Contents in Numeric 
Sequence of A.S,T.M. Designations at front of book. 
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.TABEE n.--THICKNESS OF INSULATION AND ALTERNATING TEST YOLTAGE. 

Note i.— 'Rated circuit voltage^of altematmg-carreat circuits is the phaae-to-phase voltage, 

^ Note 2, — For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and the lest voltage 
snail be that lor the next larger size or higher rated circuit voltage. 

Note 3.— For nonjeaded submarine ca'b'ies, 14: in. should 'be added to the specified respective walls of Insulation 
in this table for all sizes and voltages. 

^ Note 4.— Rated circuit voltages from, 0 to.StXMl v. in this table apply to w,ire for use on grounded and ungrounded 
circuits except where one side of a delta system is permanently grounded, in' which case, multiply the efreuit voltage 
(phase to phase) by 1.73 and use the resulting voltage, to select the corresponding Insulalioa thictoess. 




Insulation Thick- 


Rated Circuit Voltage 

Size of Conductor, 

A. w. g. Numbers or Circular Mils 

ness on Each 
Conductor, sixty- 

Test Voltage 



fourths of an inch 


0 to, 3C» 

No. 18 to No. 16 

2 

, , , 


No. ,14° to No. 12° ■ 

2 

1 500 ■ 


No. 16 to No. 

3 

3C»0 

0 to 600. 

No. 8 to No. 2 

4 

3 500 

No. 1 to No. 0000 

5 

im 


225 000 to 500 000 cir. mils 

6 

SO© 


525 (MX) to 1 000 W cir. mils 

1 

6«M) 


Over 1 OCK) CKX) cir. mils 

z ... ■ 

im 


No. 14 to No. 8 

4 ' 

SCKKI ' 


No. 7 to No. 2 ■ 

S 

6m 

601 to 1000 

No. 1 to No. 0000 

■6 

nm , 


225 000 to 500 000 cir. mils 

7 

9000 


525 000 to! 000 000 cir. mils 

. 8 

,1,0 000 


Over 1 000 000 cir. mils 

9 

11000, 


No. 14 to No. 8 

! 5 ■ : 

6000 


No. 7 to No. 2 

i 6 1 

7 500' 

1001 to 2000 

No, 1 to No. 0000. 

7 

9 003 


225 000 to 500 000 cir. mils. 

' 8.' 

10 000 


525 000 to 1 000 CKK) cir. mils 

9 

11 (KX) 


Over 1 000 000 cir. mils 

9 

, ,, 11000 , . 


No. 10 to No. 8 ■ 

7 

9000 


No. 7 to No. 2 

S 

‘ 10 000 

2001 to 3000 , 

No. 1 to No. 0000 

8 

: 10 OOO 


225 000 to 500 000 cir. mils 

9 

11 OOO 


525 000 to 1 000 000 cir. mils 

9 

11000 


Over 1 000 000 cir. mils 

10 

12 500 


No. 10 to No. 8 

9 

' llOOO '■ 


No. 7 to No. 2 

i 9 

11000 

3001 to 4000 

No. 1 to No. 0000 

9 

11 000 


225 000 to 500 000 cir. mils 

1 10 

12 500 


525 000 to 1 000 000 cir. mils 

j 10 

12 SOO 


Over 1 000 000 cir. mils 

1 11 

13 500 


No.8..... 

10 1 

12 500 


No. 7 to No. 2 

10 1 

12 500 

4001 to 5000 

No. 1 to No. 0000 

10 

12 500 


225 000 to 500 000 cir. mils 

u 

13 500 


525 000 to 1 000 000 cir. mils 

11 

ISSOf: 


Over 1 000 000 cir. mils — 

12 

IS 000 

f 

No. 8 to No. 0000 

10 

12 500 

5001 to 6000 (grounded) .. 1 

225 000 to 1 000 000 cir. mils 

11 

13 500 

Over 1 000 000 cir. mils 

12 

IS OOO 

1 

No, 8 to No. 00(K) 

12 

15 000 

5001 to 6000 (ungrounded) j 

225 000 to 1 OOO 000 cir. mils 

Over 1 000 000 cir. mils 

12 

13 

IS , 

16500,, 

, ( 

No. 8 to No. 0000. .. 

11 , 

13 50) , 

6001 to 7000 (grounded), .j 

225 000 to 1 000 000 cir, mils 

11 ' 

13 50) 

Over 1 000 000 cir. mils — 

! ' 12 

ism . . 

' ( 

No. 8 to No. 0000. 

i 14 

1 17 500 , 

6001 to 7000 (ungrounded) j 

225 000 to 1 000 000 cir. mils 

14 

1 17 500 , 

Over 1 000 000 cir. mils . — 

IS 

i 19 000 

1 

No. 8 to No. 0000. 

1 12 

15 OOO 

7001 to 8000 (grounded), .j 

225 000 to 1 OW 000 cir. mils 

1 12 

15 000 

Over 1 000' OtK) cir. mils 

13 

16 500 

I 

' No. 8 to No. 00,00 

16 

20 GOO 

7001 to 8000 (ungrounded) j 

225 000 to 1 000 000 cir, mils 

16 

20 000 

Over 1 000 000 cir. mils ' 

17 ' 

21 OOO 


,“ Building wire with, %i'in. wall is .permitted in sizes 14 and 12 by the National Electrical, Code and will be 
furnished unless otherwise specified. 

^ Sizes Nos. 16 and 18 are not recognized by the National Electrical Code' fox 600-v. service. 
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Note 2. — ^When the msulatlon ' has been sub- 
jected to a second vulcanization, such as occurs 
when used as the insulation of single conductor 
under vulcanized jackets, the, physical proper- 
ties shall be not less than 75 per cent of .the 
above requirements. 

High . Voltage Test 

: 3.' Each coil, reel, or length of wire or 
cable, after vulcanization of the insula- 
tion shall successfully withstand, for a 
period of 5 min., the application of an 
altemating-current voltage of not less 
than that prescribed in Table IL Insu- 
lation less than in. in thickness shall 
not be tested for electrical properties in 
water. At the option of the purchaser, 
a test of 500 v. may, however, be applied 
between the conductors and shield, or 
both, in the completed cable. 

Insulation Resistance 

4. (a) Each coil, reel, or length of wire 
or cable after being subjected to the 
high-voltage test specified in Section 3, 
shall have an insulation resistance in 
megohms per 1000 ft. at a temperature 
of 60F. (15.6 C.) of not less than the 
value of R as calculated from the follow- 
ing formula: 

R = K logio ^ 

where: 

R = insulation resistance in megohms 
per 1000 ft,, 

K = constant of 2000, 

D = diameter over insulation, and 
d, = diameter under insulation. 

(6) When the temperature at which 
the insulation resistance is measured 
differs from 60 F. (15.6 C.) the resistance 
shall be converted to that at 60 F. 
(15.6 C.) by multiplying the measured 
value by a coefficient to be furnished by 
the manufacturer, corresponding to the 
temperature at which the measurement 
is made. 


Thickness 

5. (a) The average thickness of the 
insulation shall be not less than, ' that 
prescribed in Table II. The miniinum 
thickness shall be not less, than 95, per 
cent of the thickness required by Table 
II for insulations less than in. in 
thickness and not less than 90, per cent 
of the specified thickness for insulations 
of in, and greater. 

(b) The, thicknesses' prescribed in 
Table II ^pply to single-conductor cable 
and the individual conductors of multi- 
ple-conductor cables, leaded or braided, 
except special applications such as aerial, 
nonleaded submarine, and vertical riser 
cable. 

Note. — In Appendix II of A.S.T.M. Speci- 
fications D 27^ will be found an interpretation 
of the insulation thicknesses given in Table II. 

(c) Number of Measurements.— 
Wlien the lot of wire to be inspected 
consists of two coils or reels, or less, at 
least one determination of the thickness 
shall be made on each coil or reel. When 
the lot consists of more than two coils 
or reels and less than 20 coils or reels, 
at least one determination of the thick- 
ness shall be made on each of two coils 
or reels taken at random. If the lot 
consists of 20. or more coils or reels, not 
less than 10 per cent of the coils or reels 
shall be selected at random and at least 
one determination of the thickness made 
on each coil or reel so selected. 

{d) Measurement of Thickness.— 
The thickness measurements nnay be 
made with any .type of micrometer read- 
ing to 0.001 in,, suitable for measure- 
ments of this character. The average 
thickness of the insulation shall be taken 
as one-half the difference between the 
• mean of . the m,aximum and mmimum 
diameters .measured ■■■'■' at. .'any^'.'pomt'., and' 
the average diameter of the conductor 
measured at the’ ' same ' point. The 
mmimum thickness shall be taken as 
the difference between a measurement 
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made over tiie conductor pins the thin- 
nest waU, and the diameter of the 
conductor,. ,, . (The first measurement 
shall be. made after ■ slicmg oS the 
heavier side of the insulation.) ' In the 
case of multiple-conductor cable, the 
measurements shall be .made on the 
iiid.mdual wires before being cabled. 

WorlmiaiisMp 

, 6. (u) .The insulation shall.be homo- 
geneous in character, tough, elastic, and 
applied concentrically about the con- 
ductor and shall fit Tightly ■ thereto. 
Where tiie insulation is applied in more 
than one layer, adjacent layers shall be 
vulcanized into a homogeneous mass. 

{b) Shieldmg."~‘'Wixe and cables not 
supported on insulators shall be shielded 
or suitably protected against corona in 
accordance with the detailed recom- 
mendations contained in Sections 20 to 
24, inclusive, of A.S.T.M. Specifications 
D27.3 

(c) Covermg. — The insulation of 
braided wires up to No. 7 A.w.g., in- 
clusive, shall be covered with a single 
cotton braid. On larger sizes the fibrous 
covering shall consist of a cable tape and 
cotton braid or two cotton braids. The 
cable tape may be applied before vul- 
canization. In multiple-conductor 
cables the individual conductors shall 
not be braid covered unless specified. 

(d) Repairs or Joints , — When repairs 
or joints are made in the insulation, tlie 
work shall be done in such manner that 
the repaired part of the joint, and all 
parts affected in the process, shall be 
as strong; and durable electrically . and 
mechanically as the remainder of the 
insulation ' and ; shall not exceed the 


limitations on the Thickness specified in 

Section 5, 

Rejection 

7. (a) li the thickness of the insula- 
tion of any co.ii or reel is found to be less, 
than the specified value, that coil or 
reel shall be rejected and a thickiicss. 
measurement on each of the remaining 
coils or reels shall be made. 

(b) When ten or more samples are 
selected in any inspection ’ lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail to 
conform to the requirements as to physi- 
cal properties,. ■ If 10 per cent or less 
fail, each coil, reel, or length may be 
tested and shall be accepted or rejected 
upon the results of such individual tests. 
Where the number of samples selected 
in any inspection lot is less than ten, 
all coils, reels, or lengths shall be re- 
jected if more than 20 per cent of the 
samples fail. If 20 per cent or less fail, 
each coil, reel, or length may be tested 
and shall be accepted or rejected upon 
the results of such individual tests. 

(c) Each coil, reel, or length which 
fails to conform to the electrical require- 
ments prescribed in these specifications 
shall be rejected. 

Methods of Testing 

8. AH measurements and tests neces- 
sary for determining the conformity of 
the insulated wire and cable with these 
specifications shall be made in accord- 
ance, with the Tentative Methods.. of 
Testing Rubber Insulated Wire and 
Cable (A.S.T.M. Designation: D 470)/ 
except as otlierwise prescribed in these 
specifications. 


Tentative Specifications for 

INSULATED WIRE AND CABLE: OZONE-RESISTANT 
TYPE INSULATION! 



A.S.T.M. Designation : D 574 - 46 T 

Issued, 1940; Revised, 1946.2 

TJaese Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (fi) These specifications cover wire 
and cable insulated with a vulcanized 
rubber or rubber-like compound known 
commercially as ozone-resistant type in- 
sulation. This type of insulation is suit- 
able for use for all sizes and classes of 
single and multiple conductor cables 
which are to be used for the transmission 
and distribution of electrical energy, 
either underground, submarine, aerial, 
or indoor power cable, under normal 
conditions of installation, and operating 
at not over 17,000 v. between phases 
on an ungrounded neutral system or 
28,000 V. between phases on a grounded 
neutral system. 

(6) Except for the insulation, cable 
supplied under these specifications, un- 
less otherwise specified by the pur- 
chaser, shall conform to the Tentative 
Specifications for Insulated Wire and 
Cable: Class AO, 30 per cent Hevea 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-ii on Rubber and Rubber-Like 
Materials. 

2 Revision accepted by the Administrative Cornmittee 
on Standards, September 9 , 1946 . 


Rubber Compound (A.S.T.M. Designa- 
tion: D 27).^ 

Information to be Supplied by Pur- 
chaser 

2. When requesting proposals from 
cable manufacturers, the prospective 
purchaser shall furnish certain iiidorma- 
tion by filling out a form similar to the 
following: 

A. Characteristics of system on which 
cable is to be used: 

(1) Kind of current, alternating 
(a. c.), or direct (d. c.). 

(2) Frequency, cycles. 

(J) Normal operating voltage be- 
tween phases. 

(4) Number of phases and con- 
ductors. If series lighting, give open 
circuit voltage and if system is oper- 
ated with or without protectors. 

(5) Whether operated with neutral 
solidly grounded, grounded through 
resistance or reactance, or ungrounded. 
If grounded through resistance or 
reactance, state the amount of same. 

(d) Minimum temperature at which 
cable will be installed. 


s Appears in this publication, see Contents in Numeric 
Sequence of A.S.TJd. Designations at front of book. 
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(7) Description and conditions of 

installations: 

(а) . Ambient temperature, 

, (b) .Number of loaded cables in " 
, duct bank, 

(c) Load factor, and 

(d) Method of .bonding and 
grounding .of lead sheath. 

B. Description and quantities of cable 
upon which quotations are desired; 

(1) Number of feet. 

(2) Type of cable: 

(fl) Description, such as single 
. conductor, two-conductor flat, two- 
conductor round, etc. 

(б) Rated circuit voltage, pfaase- 
to-phase, 

(c) Size of conductors, A.w.g. 
number or circular mils. If condi- 
tions require stranding other than 
standard, complete description 
should be given. 

(d) Thickness of insulation in 
sixty-fourths of an inch, 

(e) Type of outer coverings, and 
(/) Maximum allowable over-all 

diameter in Inches. When duct 
space is not limited, it is desirable 
not to restrict the over-all diameter. 

Conductors 

3. Conductors shall conform to re- 
quirements prescribed in the Tentative 
Specifications D 273 For stranded con- 
ductors insulated for over 1000 v., 
class C stranding as prescribed in Table II 
of the Standard Specifications for Concen- 
tric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft (A.S.T.M. 
Designation : B 8) of the American Society 
for Testing Materials^ is recommended. 

Methods of Testing 
" 4. All measurements and tests neces- 
sary for. determining the conformity of 
the insulated wire and cable with these 
specifications; shall be made in accord- 


ance . with ■ the Tentative Methods of 
Testing Rubber Insulated Wire and 
Cable (A.S.T.M. Desigriaticm: D 47ij)" 
except as -otherwise prescribed in these 

specifications. 

Physical Properties 

5. -The insulation s.hali consist of a 
prope.riy, vulcanized rubber or rubber- 
like compound which shall conform to 
the requirements as to physical proper- , 
ties prescribed in Table I. 

XABX.E X.—PHYSICAL TEST R.EQIJIRE.MEHTS tOl 
■■ .IHSULATIOX. 

Tensile strength, min. psi. . ' — .......... 450 

Elongation at rupture, min., per cent 250 

Set in 2-in. gage length, max., in § 

Tensile strength after 168 hr. air oven test 
at 157 to 159 F. (69.4 to 70.6 C.), min., 

psL... 4CM} 

Elongation at rupture after 168 hr. air 
oven test at 157 to 159 F. (69,4 to 

70.6 C.), min., per cent 200 

Tensile strength after 48 hr, in oxygen 
pressure test at 157 to 159 F. (69.4 to 

70.6 C-), min., psi 400 

Elongation at rupture after 48 hr. in 
oxygen pressure test at 157 to 159 F. 

( 69.4 to 70.6 C.), min,, per cent 200 

High Voltage Test on Entire Lengths of 
Cable 

6. (a) Alternating-Current Voltage . — 
Each coil, reel, or length of insulated 
conductor after vulcanization and before 
the application of outer coverings other 
than a tape used for vulcanization, shall 
successfully withstand the application 
of an alternating-current voltage of not 
less than that prescribed in Table II 
or III for a period of 5 min. 

{h) Direct-^ Current Fal/age.— Each 
-coil, reel, or length of insulated con- 
ductor for service of 5001 v. and over, 
immediately after the . insulation- 
resistance test (see Section - 7) and while 
still immersed in water, shall success- 
fully .withstand the appikation of direct- 
current voltage of three . times the 
alternating-current voltage for a period 
of 15 min. 


^ 1946 Book, of A.S.T.M. Standards, Part I-B. 
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TABLE IL-THICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 

, Not* i.— Rated circtiit voltage of alternatmg-curreat circuits is the pliase-to-phtse voltage. 

Note 2.— -For aa intermediate siae of wire or an intermediate rated circuit voltage, tbe thickness and me test voltage 
shall bc.that of the next larger siae or higher rated circuit voltage. . , . „ , . . 

Note 3, — For noaleaded submarine cables, in. should be added to the specified respective walls of insulation in tins 
table for all sizes and voltages, . ' ... 

Noxe 4.-~The' conductor size given first for each circuit voltage class is the minimum size recommended. for mat 
'Voltage class. ' 


Rated Circuit Voltage 


. O.to, 600. 

601 to 1000. 

1001 to 2000. 

2001 to 3000. 

3001 to 4000. 

4001 to 5000. 

5001 to 6000. 

6001 to 7000. 
7001 to 8000. 
8001 to 9000. 
9001 to. 10 000. 
to 001 to 11 000. 
I! OOt to 12 000. 

12 001 to 13,000. 

13 001 to 14 000. 

14 m to 15 000. 

15 001 to 16 000. 


■{ 

■I 

■{ 

■{ 

■{ 

■{ 

{ 

■{ 

■{ 

■{ 


Size of Conductor, A.w.g. numbers 
or circular mils 

Insulation Thick- 
ness on Each 
Conductor, sixty- 
fourths of an inch 

.Alternating-Current 
Test Voltages 

Neutral 

Grounded 

Neutral 

Un- 

grounded 

Neutral 

Grounded 

Neutral 
'0n- . 

grounded 

No. 14 to No. 9 

3 

3 

4 500 

4 500 

No. 8 to No. 2 

4 

4 

6 000 

6 000 

No, 1 to No. 0000 

5 

5 

7 500 

7 500 

225 000 to SOO 000 cir. mils 

6 

6 

8 500 

8 500 

525 GOO to 1 000 000 cir. mils. 

7 

7 

10 000 

10 000 

Over i 000 000 cir. mils,. 

8 

8 

11 500 

11 SOO 

No. 14 to No. 8 

4 

4 

6 000 

6 000 

No. 7 to No. 2 

5 

5 

7 500 

7 500 

No. 1 to No. 0000 

6 

6 

8 500 

8 500 


7 

7 

10 000 

10 000 

525 000 to 1 000 000 cir. mils 

8 

8 

11500 

ii 500 

Over 1 000 000 cir. mils 

9 

9 

13 000 

13 000 

No. 14 to No. 8 

5 

S 

7 500 

7 500 

No. 7 to No. 2 .......... 

6 

6 

8 500 

8 500 

No. 1 to No. 0000.. 

7 

7 

to 000 

10 000 

225 000 to 500 000 cir. mils 

8 

S 

11 SOO 

11 500 

Over 525 000 cir. mils 

9 

9 

13 000 

13 000 

No. 10 to No. 8. 

7 

7 

10 000 

10 000 

Nn. 7 trt No. nnoo . 

8 

8 

11 SOO 

U SOO 

225 000 to 1 000 000 cir. mils 

9 

9 

13 000 

13 000 

Over 1 000 000 cir. mils 

10 

10 

14 000 

14 000 

No, 10 to No. 0000 

9 

9 

13 000 

13 000 

225 000 to 1 000 000 cir. mils 

10 

10 

14 000 

14 000 

Over 1 000 000 cir. mils 

11 

11 

IS SOO 

15 SOO 

No. 8 to No, 0000 

10 

10 

14 000 

14 000 

225 000 to 1 000 000 cir. mils 

11 

11 

15 SOO 

IS SOO 

Over i 000 000 cir. mils 

12 

12 

17 000 

17 000 

No. 8 to No. 0000 

10 

12 

14 000 

17 000 

225 000 to 1 000 000 cir. mils.. 

11 I 

12 

15 500 

17 000 

Over 1 000 000 cir. mils 

12 

13 

17 000 

18 500 

No. 8 to 1 000 OCK) cir. mils 

11 

14 

15 500 

20 000 

Over 1 000 000 cir. mils 

12 

IS 

17 000 

21 000 

No. 8 to 1 000 000 cir. mils. 

12 

16 

17 000 

22 SOO 

Over 1 000 000 cir. mils 

13 

17 

18 500 

24 000 ,: 

No- 6 to 1 000 000 cir. mils.. 

13 

17 

18 SOO 

24 000 

Over 1 000 000 cir. mils 

14 

18 

20 000 

25 000 

No. 6 to 1 000 000 cir. mils 

14 

18 

20 000 

25' 000 

Over I 000 000 cir. mils 

15 

19 

21 000 ^ 

26 500 

No. 6 to 1 000 000 cir. mils 

15 

20 

21 000 ! 

28 000 

Over 1 000 000 cir, rails 

16 

21 

22.500 , ■' 

29 500 

No. 6 to 1 000 000 cir. mils 

16 

22. 

22 SOO ^ 

31 000 

Over 1 000 000 cir. mils 

17 

23 

24 000 , 

32 000 

No. 6 to 1 000 000 cir. mils 

17 

23 

24 000 

32 000 

Over I (X)0 OOO cir. mils.. 

18 

24 

25,000 

33 5(K) 

No. 6 to 1 000 CKJO cir. mils 

IS 

25 

25 000 

35 000 

Over 1 000 CKK) cir. mils.. . 

19 

26, ■■■ 

■26500.. 

36 000 

No. 6 to 1 000 0(KI cir. mils..., 

19 

■,,"27. ■■■' ■ 

■' '■ .'26 500'' ■ ■ 

37 SOO 

Over 1 000 000 cir. mils 

20 

■ . '28. ,'■■■ 

. '28 000 ■ 

39 000 

No, 4 to 1 000 000 cir. mils... 

20 

28 ■ ■■ 

'. '■28.000'., 

39 000 

Over 1 000 000 cir. mils 

21 , 

'■• 29.;'' , 

, ,,29.500 

' ,40 500 ,, 
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TABIE II.-THICKNESS OF INSULATION AND ALTERNATING TEST VOtrAGB-Cendvdei. 

Not® 1. — Rated circuit voltage of, alternatlag-curreBt circuits is thc^irfiase-to-pliase voltage. . 

Note 2.— For aa Intermediate size of wire or an in tcrmedOiate ruled circuit voltage, the thickness and the test voltage 
shall be that of .the nest larger size or higher rated circuit voltage. 

Note 3.-“For nonleaded submarine cables, In. should be added to the speciied respective walls of insulation in this 
table for ail sizes and .voltages. 

Note 4,~The conductor size given first for each circuit voltage class is the mmtmma size recommeaded for that 
voltage class. 


, 

Rated Circuit Voltage 

i 

Size of Conductor. A.w.g. umnbers 
or circular mils 

Insulation TMck- j 
ness on Each i 
Conductor, siaty- j 
fourths of an iach i 

I 

AltffBating-Ciirrent 
Test Voltiges 

Neutral 

Grounded 

Neutral 

Un- 

gioundeci 

Neutral 

Grounded 

Neutral '• 
tJ,s- 

grounded. 


No. 4 to 1 000 000 cir. mils 

21 

30 

29 SOO 

41 5C© 


Over 1 000 CKK3 ck. mils.. 

22 

31 

3i«» 

43 00 

( 


22 


3! (K)0 


17 001 to IS 000 1 


23 


32 TOO ' 




23 


32 000 


18001 to 1900).. 1 


24 


33 500 




24 


33 S{» 


19 001 to 20 0C» 


25 


3S'C«J 



No. 2 to 1 000 000 cir. mils 

25 


35 000 


20 001 .to 21 000. -1 

Ov«r 1 000 C¥)0 cir. mila 

26 


MQOQ 



No. 2 to 1 (VJfli olr. mils 

26 


36000 


21 OQl to 22 000 1 

fiver 1 QOO 000 cir. mils 

27 


37 500 



No- 2 to 1 fM¥S f)(¥]l q?r. mils i 

27 


37 500 


22 001 to 23 000 .| 

Over 1 000 000 cir. mils. 

2S 


39 00) 



Nn. 2 to 1 rSOO (KMf cir. mils 

28 


i 39 000 


23 001 to 24 000 

Ovftf t nnn noo ck. mils 

29 


1 40 500 i 



No. 2 to 1 0(K) 000 cir. mils 

29 


i 40 500 i 


24 001 to 2S 000 1 

Ov«‘r 1 nOO 000 cir. mils. 

30 

i • • 

1 41 500 



Nr^ 2 tn 1 000 fWO cir. mils 

30 


i 

1 41 500 


25 001 to 26 000 | 

Over ! fiOO 000 cir. mils.. 

31 


‘ 43 000 



1 tn 1 C¥)0 000 cir. piils. 

31 


43 000 


26 001 to 27 000 | 

Ovfif t OOfJ fMlO cir. mils 

32 


44 500 



' No. 1 to 1 000 000 cir. mils. 

32 


44 500 


27 001 to 28 000 j 

Over 1 000 fXK) cir. mils 

33 

i 

1 '• 

46 0CM) 



Insulation Resistance 

7. {a) Each coil, reel, or length of 
insulated ' conductor after being sub- 
jected to, the high alternating-current 
.voltage test specified in Section 6 (a) 
shall .have an insulation resistance in 
megohms per 1000 ft. at a temperature 
of .60 F., of not less than the value for R 
as calculated from the following formula: 

R = j:iogio'^ 

where: 

' ■ R ,= insulation resistance in megohms 
; , per ,1000 ft., 


K = constant of 2000, 

D = diameter over insulation, on 
each conductor, and 
d = diameter over conductor. 

. (b) When the temperature at which 
the insulation resistance is measured 
differs from 60 F., the resistance shall 
be reduced to that at 60 F.by multiply- 
ing the measured value by a coefScient 
to be furnished, by the manufacturer 
corresponding to the temperature at 
which the measurement is made. 

DouMe-¥oitage Test oa Short Samples 

. .-8. (a) Samples of cabte . rated at 
5001 V. or more shall, when required, 
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be subjectecl to and^ conform to the re- 
quiremeats of this test « 

(&)., If .all of; the .samples conform to 
the requirements of this test, the lot of 
cable to which they apply shall be con- 
sidered acceptable so far as these 
particular requirements are concerned. 

(c) If any sample fails to conform to 
the requirements of this test, that 
length of cable from which the sample 
was taken shall be rejected and another 
sample shall then be taken from each 


CoM-Bend, Long-Time Voltage Test, on 

Short Samples 

9, (a) Samples , of , cables rated at 
5001 ' V* or more ■ shall, when required, 
be subjected to and conform to the re- 
quirements of this test. 

(6) If all of the samples conform to 
the requirements for this test, the lot of 
cable to which they apply shall be 
considered acceptable so far as these 
particular requirements are concerned. 


TABLE III.— RUBBER INSULATION THICKNESSES FOR SERIES LIGHTING CIRCUITS AND 
ALTERNATING TEST VOLTAGES. 


Open Circnit Voltage 

i 

! Size of Conductor, 

A.w.g, numbers 

Insulation Thickness 
on Each Conductor, 
sixty-fourths of an inch 

Alternating-Current Test 
Voltages 



Without 

Protectors 

With 

Protectors 

Without 

Protectors 

With 

Protectors 

f 

No. 10 

3 

3 

4 500 

4 500 

0 to 600 1 

No, 8 to No. 4 

4 

4 

6 000 

6 000 


No. 10 to No. 8 


4 

1 6 000 

6 000 

oOl to 1000 1 

No. 7 to No. 4 


4 

: 7 500 

6 000 

/ 

No. 10 to No. 8 

S 

4 

7 500 

6 000 

i(X)l to 2000. ‘ ' i 

No. 7 to No. 4 


5 

8 500 

7 500 


No. 10 to No. 8 

7 

S 

10 000 

7 500 

2001 to 3000. 

No. 7 to No. 4 

8 

6 

11 SOO 

8500 


No. 10 to No. 8 

9 

7 

13 000 

10 000 

3001 to 4000 

No. 7 to No. 4 

9 

8 

13 000 

! 11 SOO 

4001 to 5000 

No. 10 to No. 4 

10 

9 

14 000 

i 13 000 

5001 to 6000. 

No. 8 to No. 4 

10 

9 

14 000 

i ' 13 000 

6001 to 7000 

No. 8 to No. 4... 

11 

10 

IS 500 

14 000 

7001 to 8000 

No. 8 to No. 4 

12 

11 

17 000 

IS SOO 

8001 to 9000, 

No. 8 to No. 4.. 

13 

11 

18 500 

15 SOO 

9001 to 10 000....... 

No. 8 to No. 4 

■ 14 i 

12 

20 000 

17 GOO 

10 001 to 11 000... 

No. 8 to No. 4 

15 

12 

21 000 

17 000 

11 001 to 12 000 

No. 8 to No. 4 

16 

14 

22 500 

20 000 

12 001 to 13 000 .! 

No. 8 to No. 4 

17 

14 

24 000 

20 OOO 

13 001 to 14 000 

No. 8 to No. 4 

18 

IS 

25 000 

21 000 

14 001 to 15 000....... ; 

No. S to No. 4 — 

19 

15 

26 500 

21 000 


of two other lengths of cable in the lot. 
If either such sample fails to pass this 
test, the lot shall be rejected. If both 
such second samples pass this test the 
lot of cable (except the length which was 
rejected because of failure of the first 
sample) shall be accepted. 

(d) Failure of any cable length shall 
not prohibit the manufacturer from 
resubmitting the same length of cable 
for inspection, providing that it be so 
designated. 


(c) If any sample fails to conform to 
the requirements for this test, that 
length of cable from which the sample 
was taken shall be rejected and another 
sample shall then be taken from each of 
two other lengths of cable in the lot of 
cable under test. If either such second 
sample fails to pass this test, the lot shall 
be rejected. If both such second sam- 
ples pass this test, the.lot of , cable (ex- 
cept the . length which ' was rejected 
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because of faflure of ..the, first sample) 
shall be accepted. , ,, 

(J) .Failure of any , cable length shall 
not prohibit the manufacturer from re- 
submitting the same length of cable for 
inspection^ providing , that it .be . so 
designated, 

Capacity and Power Factor, Tests 

10- After . 24-hr. subme.rsioii „in water . 
at room temperature: a sample of the 
insulated conductor shall be tested for 
capacity and power factor with suitable 
60-cycle equipment at .working .voltage, 
and shall show a . specific , ..inductive' 
capacity not exceeding. 5.0 and a power, 
factor not exceeding 5 per cent. . 

Ozone. Resistance Test 

11. {.a) The samples shal show no .■ 
injury ,, to .the insulation after exposure 
for 3 hr. to the ozone. resistance test. , 

(5) The , results of this test shall be 
taken 'as representative, of the quality 
of each ' lot of cable (approximately 
10,000 ft.) from which the samples were 
removed. 

(c) If all of the samples conform to ' 
the requirements for this test, the lot® 
of cable to which they apply (that is, ah 
cable submitted up to the group® con- 
taining the next set of samples, pre- 
sumably 10,000 ft.) shall be considered 
acceptable so far as these particular 
requirements are concerned, unless . the 
purchaser requests additional confirma- 
tory tests. In that case additional 
samples (second samples) shall be taken 
from lengths designated by the pur- 
chaser, .and; if they pass the. prescribed ' 
test, the lot of cable shall be accepted. 
If any seco.nd sample' fails to pass. this 


.2 .For the purpose of these specifications, a “group”' 
shall consist of all cable designated as such on a list to be 
submitted by the manufacturer prior to the material being 
offered for inspection .(not less than ten reel lengths ^in 
three successive working days), and a “lot” shall consist 
of all cable represented by the samples taken for the test 
prescribed (approximately 10,000 ft.). 
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test, the length from which it was 
removed shall be rejected and a third 
sample '(or samples) shall be selected 
■from, a reel length designated by the 
purchaser in the same group. If all 
such third .samples pass the prescribed 
'test, -the lot shall be accepted so far as 
these particular require.meiits are' con- 
cerned but. if. any. sample fails, the 
group involved shall, be rejected a'lid no 
more, cable ' on that order shall; be' 
accepted unless this, 'test lias '.been suc- 
cessfully passed' by samples selected 
from., the next group or groups. 

' " (d) If any sample of those originally 
selected: fails to pass the prescribed test, 
the length from which the sample was 
.removed -shall be, rejected and another 
sample (second sample) shall be: taken 
from another leng'th of cable to be desig- 
nated' by the purchaser „ and tested. , If 
any .-such second, sample ..fails to .pass 
the prescribed test, the group involved 
'shall be rejected. ., If all of such second 
samples pass the , test, then a.nother 
sample (third samples) shall be taken 
from a length , designated by the pur- 
chaser. If al such third samples pass 
the prescribed test, the lot of cable 
which the sample represents shall be 
■ accepted (except the section which was. 
rejected because of failure of the first 
sample). If any one s.ample fails, the 
group from . which the . samples were 
taken shall be rejected , and no more 
.'cable. on. that order shall be accepted 
until this test has been successfully 
passed ' by .samples , selected from the 
■'next group or groups. 

" (e) Rejection- of cable under this sec- 
tion shall, not, prohibit the .manufacturer 
■from, resubmitting for ' inspection all or 
any part- of a rejected lot of cable (ex- 
'cept lengths from. ’which samples were 
taken- .-and which failed). However, 
when such ., cable : is resubmitted, the 
.purchaser or Ms representative shall 
.be' informed as to its identity. , , 
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TMckaess 

12. (a) The average thickaess of the 
insulation shaU be not less than that 
prescribed in Table II, The minimum 
thickness shall be not less than 95 per 
cent of the thickness prescribed in Table 
n for insulation less than in. in thick- 
ness and not less than 90 per cent of 
the specified thickness for insulation 
in, and over in thickness. 

(b) The thicknesses prescribed in 
Table II apply to single-conductor cable 
and the individual conductors of mul- 
tiple-conductor cables, leaded or braided, 
except special applications such as aerial, 
nonleaded submarine, and vertical riser 
cable. 

((:) N timber of Measurements , — When 
the lot of wire to be inspected consists 
of two coils or reels, or less, at least one 
determination of the thickness shall be 
made on each coil or reel. When the 
lot consists of more than two coils or 
reels and less than 20 coils or reels, at 
least one determination of the thickness 
shall be made on each of two coils or 
reels taken at random. If the lot con- 
sists of 20 or more coils or reels, not less 
than 10 per cent of the coils or reels shall 
be selected at random and at least one 
determination of the thickness made on 
each coil or reel so selected. 

(J) Measurement of Thickness , — The 
thickness measurements may be made 
with any type of micrometer reading to 
0.001 in., suitable for measurements of 
this character. The average thickness 
of the insulation shall be taken as one 
half the difference between the mean of 
the maximum and minimum diameters 
measured at any point and the average 
diameter of the conductor measured at 
the same point. The minimum thick- 
ness shall be taken as the difference be- 
tween a measurement made over the 
conductor plus the thinnest wall and the 
diameter of the conductor. (The first 


measurement is made : by ^%licmg; off 
the heavier side of thC' insulation.) In 
the case of multiple-conductor cable, 
the measurements shall be made on the 
individual wires before being cabled. 

Workmanship 

13, {a) The insulation shair be ho- 
mogeneous in character,' tough, elastic 
and applied concentrically about the 
conductor and shall fit tightly thereto. 
When the insulation is applied in more 
than one layer, adjacent layers shall be 
vulcanized into a homogeneous mass. 

{b) Shielding , — Wires and cables not 
supported on insulators shall be shielded 
or suitably protected against corona in 
accordance with the detailed recom- 
mendations contained in Sections 24 to 
28, inclusive, of Standard Specifications 
D27.^ 

ic) Repairs and Joints ,- — When re- 
pairs or joints are made in the insula- 
tion, the work shall be done in such 
manner that the repaired part of the 
joint, and all parts affected in the proc- 
ess, shall be as strong and durable elec- 
trically and mechanically as the 
remainder of the insulation and shall 
not exceed the limitations on the thick- 
ness specified in Section 12. 

Rejection 

14. (a) If the thickness of the insu- 
lation of any coil or reel is found to be 
less than the specified value, that coil 
or reel shall be rejected and a thickness 
measurement on each of the remaining 
coils or reels shall be made. 

(&) When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples faE to 
conform to the requirements as to physi- 
cal properties. If 10 per cent or less 
fail, each coil, reel, or length may be 
tested and shall be accepted ®r rejected 
upon the results of such individual tests. 
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Where the number of samples selected 
in . any inspection^ .lot: is less than ten/ 
all coESj reels, or .lengths shall be re- 
jected if more than 20 per cent of the 
samples fail. If 20 per cent or less fail, 
each coil, reel, or length may be tested 


and shall be accepted or rejected npoh' 
the results of such individual tests. 

(c) Each coil, reel, or length which 
fails to conform to the electrical require- 
ments of these specifications shall be 
rejected. 



Tentative Specifications for 

INSULATED WIRE AND CABLE: PERFORMANCE SYNTHETIC 

RUBBER COMPOUND! 



A.S.T.M. Designation: D 755 -46aT 

{Rmsion of Specifications D75S -46 T) 

IsstJEDj 1943; Revised, 1944, January 1946, August 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) These specifications cover wire 
and cable insulated with a vulcanized 
compound, the rubber hydrocarbon con- 
tent of which shall consist substantially 
of synthetic rubber. They are intended 
to permit the use of the compound known 
as ^‘'Government Rubber/' type GR-S, 
but are not restricted to this type. The 
suitability of the compound as insulation 
shall be determined solely by physical 
and electrical tests, and compounds of 
any vulcanized, general purpose syn- 
thetic which conforms to the test require- 
ments shall be considered acceptable. 
This compound is not recommended for 
installation or use in severe flexing 
service at a temperature lower than 
-"35 a 

(b) Except for the insulating com- 
pound, wire and cable supplied under 


* Under the standardiaation procedure o£ the Society, 
these specifications are under the jurisdiction of the 
A.S-TJd. Committee D-ll on Rubber and Rubber-Like 
■Materials., ^ , ,.■ 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli* 
cation that may be involved. 

* Latest revisions accepted fay the Administrative Com- 

mittee on Standards, January 10, 1946, and September 9, 
1946.' .. ■ 

Prior to their publication as tentative, these specifi- 
cations were issued as Emergency Specifications ES-34 
from August 13, 1943, to December 27, 1943. 


these specifications shall conform to the 
construction requirements of the Tenta- 
tive Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (A.S.T.M. 
Designation: D 27).® 

Physical Properties 
2. The insulation shall consist of a 
properly vulcanized synthetic rubber 
compound which shall conform to the 
requirements prescribed in Table I. 


TABLE I. — ^PHYSICAL TEST REQUIREMENTS FOR 
INSULATION. 

Tensile strength, min., psi 700 

Elongation at rupture, min. , per cent 300 

Tensile strength after 96 hr. in oxygen 
pressure test, min., per cent of original 

value 75 

Elongation at rupture after 96 hr. in oxygen 
pressure test, min,, per cent of original 
value.. 65 


Note 1. — ^The above values are applicable 
only to conductors having nominal wall thick- 
nesses of insulation ^ in. and greater. 

Note 2. — When the insulation has been sub- 
jected to a second vulcanization, such as occurs 
when it is used as the insulation of single conduc- 
tors under vulcanized jackets, the physical prop- 
erties shall be not less than the following; 


Initial tensile strength, min., psi.. 600 

Eloniration at rupture, rfin., per cent. ......... . . . . . 250 

Tensile strength after 48 hr. in oxygen pressure test, 
min., psi SOO 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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TABLE IL--THICKNESS OF .INSULATION AND ALTERNATING TEST VOLTAGE. 

Note 1.— Rated circuit voltage of alternating-current circuits is the phase-to-phase voltage. 

. Note 2.— For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and the test voltage 

shall be, that for the next larger size or higher rated circuit, voltage. 

■ Note 3.— For nonieaded submarine cables, in. should be added to the specified respective walls of. insulation 

in this table for ail sizes and voltages. 

Note 4. — Rated circuit voltages from 0 to 5000 v. in this table apply to wi.re for use on grounded' and ungrounded 
circuits except where one side, of a delta system is permanently grounded; in which case, multiply th.e ,.ci,rcuit .voltage 
(phase to phase) by 1.73 and use the resulting voltage to select the corresponding insulation thickness. 




Insulation 'Thick- 


Rated .Circuit Voltage 

Size of Conductor, 

A. w. g. Numbers or Circular Mils 

ness on Each 
Conductor, sixty- 
fourths of an inch 

, Test Voltage 

0 to 300.. 

No. 18 to No. 16 

2 

1000', 


No. 14« to No. 12® 

2 ' 

1 500 ' 


No. 16 to No. 9^ 

3 

3 000 


No. 8 to No. 2. 

4 

3 500 : 

0 to 600 

No. 1 to No. 0000 

5 

4 000 


225 000 to 500 000 cir. mils 

6 

SOOO 


525 000 to 1 000 000 cir. mils 

7 

6 000 


Over 1 000 000 cir. mils — ... 

8 

7 000 


No. 14 to No. 8... ..... 

4 

5 000 


No. 7 to No. 2 

5 

6 OOO 

601 to 1000 

No. 1 to No. 0000 

6 

7 500 

225 000 to 500 000 cir. mils 

7 

9 000 


525 000 to 1 000 000 cir. mils 

8 

10 000 


Over 1 000 000 cir. mils 

9 

11 000 


No. 14 to No. 8 

5 , 

6 OOO 


No. 7 to No. 2 i 

6 

7 500 

1001 to 2000, 

No. 1 to No. 0000 

7 

9 000 

225 000 to 500 000 cir. mils 

8 

10 000 


525 OOO to 1 000 000 cir. mils 

9 

11 000 

[ 

Over 1 000 000 cir. mils 

9 

11 OOO 


No. 10 to No. 8 

r \ 

9000 


No, 7 to No. 2 

8 

10 000 

2001 to 3000 ..A 

No. 1 to No. 0000 

8 

10 000 

225 000 to 500 000 cir. mils.. 

9 

11 OOO 


525 000 to 1 000 000 cir. mils 

9 

11 OOO 


Over 1 000 000 cir. mils 

10 

12 500 


No. 10 to No. 8 

9 

11 OOO 


No. 7 to No. 2 

9 

n 000 

3001 to 4000 

No. 1 to No. 0000 

9 

11 OOO 

225 000 to 500 000 cir. mils 

10 

12 500 


525 000 to 1 000 000 cir. mils 

10 

12 500 


Over 1 000 000 cir. mils 

11 

13 500 


No. 8 

10 

12 500 


No. 7 to No. 2 

10 

12 500 

4001 to SOOO...... ...j 

No. 1 to No. 0000. 

10 

12 500 

225 000 to 500 000 cir. mils. 

11 

13 500 


S2S 000 to 1 000 000 cir. mils 

11 

13 500 


Over 1 000 000 cir. mils 

12 

15000 

( 

No. 8 to No. 0000... 

10 

12 500 

5001 to 6000 (grounded), .j 

22S 000 to 1 000 000 cir- mils 

11 

13 500 

Over 1 000 000 cir. mils. 

12 

15 000 

( 

No. 8 to No. 0000 

12 

IS OOO 

5001 to 6000 (ungrounded) j 

225 000 to 1 000 000 cir. mils 

12 

IS OOO 

Over 1 000 000 cir. mils 

13 

16SOO 

f 

No. S to No. 0000 

11 

13 500 

6001 to 7000 (grounded) . 

225 000 to 1 000 000 cir. mils 

11 

13SOO 

Over 1 000 000 cir. mils 

12 

15 000 

' f 

No. 8 to No. 0000 ’ 

14 

17 500 

6001 to 7000 (ungrounded) j 

225 000 to 1 000 000 cir. mils 

14 

17 500 

Over 1 000 000 cir. mils .... 

IS 

19 OOO 

.. '( 

No, 8 to No. 0000 

12 

15 000 

7001 to 8000 (grounded), .j 

225 000 to 1 000 000 cir. mils 

12 

15 000 

Over 1 000 000 cir. mils — 

13 

16 500 

f' 

No. 8 to No. 0000 

16 

20 000 

7001 to 8000 (ungrounded)| 

225 000 to 1 000 000 cir. mils 

Over i 000 000 cir, mils 

■ 16 ' ' 

17 

20 OOO 

21 OOO 


« Building wire with J^-in. wall is permitted in sizes 14 and 12 by the National Electrical Code and will be 
furnished unless otherwise specified, 

^ Sizes Nos. 16 and 18 are not recognized by the National Electrical Code for 600-v. service. 
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High-Voltage Test ■ ■ 

3. Each coil, reel, or length of wire or 
cable after vulcanization of the insulation- 
shall successfully withstand, for a period 
of 5 min., the application of an alternat- 
ing-current voltage of not less than that 
prescribed in Table II. Insulation less 
than -^2 in- in thickness shall not be 
tested for electrical properties in water. 
At the option of the purchaser, a test of 
500 V. may, however, be applied between 
the conductors and shield, or both, in 
the completed cable. 

Insuktioii Resistance . 

4. (a) Each coil, reel, or length of 
wire or cable after being subjected to 
the high-voltage test specified in Section 
3, shall have an insulation resistance in 
megohms per 1000 ft. at a temperature 
of 60 F. (15.6 C.) of not less than the 
value of R as calculated from the follow- 
ing formula: 

R = K logio ^ 

a 

where: 

R = insulation resistance in megohms 
per 1000 ft, 

K == constant of 2000, 

D == diameter over insulation, and 
d = diameter under insulation. 

(b) When the temperature at which 
the insulation resistance is measured 
differs from 60 F. (15.6 C.), the resistance 
shall be converted to that at 60 F. 
(15,6 C.) by multiplying the measured 
value by a coefficient to be furnished by 
the manufacturer, corresponding to the 
temperature at which the measurement 
is made, 

TMckness 

5. (a) The average thickness of the 
insulation shall be not less than that pre- 
scribed in Table II. The minimum 


thickness shall be not less, than, 95 per 
cent of, the thickness required by Table, 
II for insulations less than in., , ,in 
thickness and not less than 90 per cent 
of. the specified thickness for , insulations 
of ifV' greater. 

■(^) The thicknesses prescribed in 
Table II apply to single-conductor cable, 
and the individual conductors of: multi- 
ple-conductor cables, leaded or braided,, 
except special applications such as aerial, 
nonleaded submarine, and vertical riser 
cable. 

Note. — ^In Appendix II of A.S.T.M. Specifi- 
cations D 27 will be found an interpretation of 
the insulation thicknesses given in Table II. 

(c) Number of Measurements.‘---Whm 
the lot of wire to be inspected consists of 
two coils or reels, or less, at least one 
determination of the thickness shall be 
made on each coil or reel. When the lot 
consists of more than tw'o coils or reels 
and less than 20 coils or reels, at least one 
determination of the thickness shall be 
made on each of two coils or reels taken at 
random. If the lot consists of 20 or 
more coils or reels, not less than 10 
per cent of the coils or reels shall be 
selected at random and at . least one 
determination of the thickness made on 
each coil or reel so selected. 

(d) Measurement of Thickness , — The 
thickness measurements may be made 
witli any type of micrometer reading to 
0.001 in., suitable for measurements of 
this character. The average thickness 
of the insulation shall be taken as one- 
half the difference between the mean of 
the maximum and minimum diameters 
measured at any point and the average 
diameter of the conductor measured at 
the same point. The minimum thick- 
ness shall be taken as the difference be- 
tween a measurement made over the 
conductor plus the thinnest wall and the 
diameter of the conductor. (The first 
measurement shall be made after slicing 



Specificaxions for ' Swthexic Robber InsoeateD: Wike (D 755 ’- 46aT),^^ 


off .the heavier side .of .the insu,Iation.) 
In the case of niuitiple-coiiductor cable 
th.e measurements shall be made on the 
individual wires before being cabled. 

Workmanship, ■ 

6. (a) The insulation shall be homoge 
neous in character, tough, elastic and 
applied concentrically about the con- 
ductor and shall fit tightly thereto. 
Where the insulation is applied in more 
than one layer, adjacent layers shall be 
vulcanized into a homogeneous mass. 

(b) Shielding . — Wire and cables not 

supported on insulators shall be shielded 
or suitably protected against , corona in 
accordance with the detailed recom- 
mendations contained in Sections 20 to 
24, inclusive, of A.S.T.M. Specifications 
D27. . 

(c) CoUring.— The insulation of 
braided wires up to No. 7 A.w.g., in- 
clusive, shall be covered with a single 
cotton braid. On larger sizes the fibrous 
covering shall consist of a cable tape and 
cotton braid or twm cotton braids. The 
cable tape may be applied before 
vulcanization. In multiple-conductor 
cables the individual conductors shall 
not be braid-covered unless specified. 

(i) Repairs or Joints . — When repairs 
or joints are made in the insulation, the 
work shall be done in such manner that 
the repaired part of the joint, and all 
parts affected in the process, shall be as 
strong and durable electrically and me- 
chanically as the remainder of the insula- 
tion and shall not exceed the limitations 
on the thickness specified in Section 5. 


Rejection 

1. {a) If the thickness,, of the insula- 
don of' any coil or reel is found, to be less 
than the specified value, that coil or reel 
shall be rejected and a thickness measure- 
ment. on' each of tlie remaining coils or 
reels shall be made. . 

{h) When ten or more samples are, 
selected in any. inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than iO per cent of the samples fail to 
conform to the requirements as to physi- 
cal properties. If 10 per cent or less 
fail, each coil, reel, or length may be 
tested and shall be accepted or rejected 
upon the results of such individual tests. 
Where the number of samples selected 
in any inspection lot is less than ten, all 
coils, reels, or* lengths shall be rejected 
if more than 20 per cent of the samples 
fail. If 20 per cent or less fail, each coil, 
reel, or length may be tested and shall 
be accepted or rejetted upon the results 
of such individual tests. 

{c) Each coil, reel, or length which 
fails to conform to the electrical require- 
ments prescribed in these specifications 
shall be rejected. 

Methods of Testing 

8. All measurements and tests neces- . 
sary for determining the conformity of 
the insulated wire and cable with these 
specifications shall be made in accord- 
ance with the Tentative Methods of 
Testing Rubber Insulated Wire and 
Cable (A.S.T.M. Designation: D 470),^ 
except as othenvise prescribed in these 
specifications. 



Tentatwe Specifications for 

INSULATED WIRE AND CABLE: POLYVINYL INSULATING 

COMPOUND* 



A*SXM, Designation: D734 - 43T 
Issued, 1943.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope # 

1. These specifications cover wire and 
cable insulated with a thermoplastic 
synthetic insulating compound made 
from polyvinyl chloride or its copolymer 
with vinyl acetate. The suitability of 
the insulation shall be determined solely 
by physical and electrical tests. This 
insulation is ordinarily recommended for 
use at conductor temperatures not in 
excess of 60 C. It is further ordinarily 
recommended that the minimum tem- 
perature at which the insulation shall be 
instahed shall be not less than —IOC. 
(14 F). When the temperatures of oper- 
ation and installation are in excess of 
these limits, and for voltages in excess 
of 600 V. the manufacturer shall be con- 
sulted for proper recommendations. 

Material 

2. (^) The conductor shall be soft, 


i Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-11 on Rubber and Rubber-Like 
Materials. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for in- 
fringement of Letters Patent nor assume any such habili ty, 
and such publication should not be construed as a recom- 
mendation of any patented or proprietary application 
that may be involved. 

* Accepted by the Society at annual meeting:, June, 
1943. 


annealed copper and shall be uncoated 
unless otherwise specified. If a coating 
is specified, it shall conform to the Stand- 
ard Specifications for Tinned Soft or 
Annealed Copper Wire for Electrical 
Purposes (A.S.T.M. Designation: B 33)® 
for tinned coating, or the Tentative 
Specifications for Lead-Coated and Lead- 
Alloy-Coated Soft Copper Wire for 
Electrical Purposes (A.S.T.M. Designa- 
tion: B 189)® of the American Society 
for Testing Materials, for lead or lead 
alloy coating. 

(b) Conductors of No. 6 A.w.g. and 
smaller shall be solid unless otherwise 
specified and shall conform to the Stand- 
ard Specifications for Soft or Annealed 
Copper Wire (A.S.T.M. Designation: 
B 3) of the American Society for Testing 
Materials.® 

Strand 

3. Each individual wire of a stranded 
conductor shall be considered separately 
and shall be designated as a strand. 

Shape 

4. Each solid conductor and each 


» 1946 Book of A.S.T.M. Standards, Part I-B. 
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straud shall be- round and reasonably 
free from imperfections. 

Strandiiig ^ 

5. The stranding shall conform to the 
Standard Specifications for Concentric- 
Lay-Stranded Copper Conductors, Hard, 

' Medium-Hard, or Soft (A.S.T.M. Desig- 
nation: B 8) Table II, class B or, where 
specified, class C, of the American So- 
ciety for Testing Materials.^ 

Permissible Yariations in Diameter and 

Area 

6. When the dianaeter of solid con- 
ductors and strands is specified, the per- 
missible variation from the specified 
value shaE not exceed 1 per cent under 
or 3 per cent over for wire 0.010 in. in 
diameter or larger, or 0.3, mil over for 
wire less than 0.010 in. in diameter. 
When the area of cross-section of 
stranded conductors is specified, the per- 
missible variation shall not exceed 1 per 
cent under the apecified value. 

Coating Test 

7. Retesis and Rejections , — If the spec- 
imens tested in accordance with Section 
2 {a) fail to conform to requirements, two 
more specimens shall be tested. If one 
of these two additional specimens fail 
to meet requirements, that coil or reel 
shall be rejected. If both specimens are 
free from any signs of failure, the coil or 
reel shall be accepted. If more than 10 
per cent of the samples in the entire 
order fail, all of the wire shall be re- 
jected. If 10 per cent or less of the 
samples in the entire lot fail, each coil, 
reel, or length may be tested and ac- 
cepted or rejected upon the results of the 
individual tests. 

Sampling and Methods of Test ' . , 

8. AE sampling, measurements, and 
tests necessary for determining con- 


formity of the insulation to these speci- 
fications shall be made ■ in’ accordance 
with the Tentative Methods of Testing 
Rubber Insulated Wire and Cable (A.S. 
T.M. Designation: D 470) of the Ameri- 
can Society for Testing. Materials,*^ ex- 
cept ■ as otherwise prescribed in these 
specifications. 

Test Specimens 

9. (^) From each of the samples se- 
lected in accordance with the require- 
ments of Section 3 of Methods D 470, 
test specimens shall be prepared as 


follows: 

Number of Test 

Initial Physical Properties Specimens 

Tensile strength and ultimate 

elongation ................. 3 

Air oven test ........... 3 

Heat shock test.* 3 

Heat distortion test 3 

Flame test.. 3 

Cold bend test . . . . 3 

Oil resistance test. . ; 3 


(6) One specimen from each set shall 
be used for the tests listed in Paragraph 
(a) and the remaining two specimens 
shaE be held in reserve. If any of the 
specimens tested fails to conform to the 
values specified, that test shall be re- 
peated on the two additional specimens 
from the same sample. 

Physical Properties 

10. The insulation shall conform to the 
requirements as to physical properties 
prescribed in Table I. 

TABLE I.—PHYSICAL TEST REQUIREMENTS FOR 
INSULATION. . 


Tensile strength, min., psi 1500 

Elongation at rupture, min., per cent. 100 

Depreciation in tensile strength after 120 hr. in air 

oven test at 99 to 101 C., max., per cent. 15 

Depreciation in elongation after 120 hr. in air oven 
test at 99 to 101 C., max., per cent. .. . ......... 40 


Heat Shock Test 

11. The insulation shall not show any 
cracks after a single conductor insulated 
wire or cable has been wound around a 


< Appears in this publication, see Contents in Numeric 
Sequence of A,S-T.M. Designations at front of book. 
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mandrel as specified in Table II and aub-' 
jected to a temperature of 120 to 122 C. 
for 1 hr. 


TABLE II.-MANDREL SIZES FOR, HEAT 
SHOCK TEST. ■ 


■'Conductor Siase,, 

' A.w.g. or Cir, Mils. ' " 

. Number of 
Adjacent 
Turns 

Mandrel 

Size. 

Multiply 

Outside 

Diameter 

of 

Insulated 
Wire by 

No. 8 and iinder 

6 

1 

No. 7 to No. 2, incl 

6 

2 

No. 1 

. 1 

2 

No. 0 to No. 0000 

180-deg. bend 
180-deg. bend 

2 

225*b00 cir. mils, and over. . . . . . 

■■ 5 ■ 


Heat Distortion Test 

12. (a) The thickness of the insula- 
tion shall not decrease more than 50 per 
cent when subjected to a temperature 
of 120 to 122 C., under the load condi- 
tion prescribed in Table III when tested 

TABLE m, — GAGE LOADS FOR HEAT DISTORTION 
TESTS. 

Load on 


Conductor Size, A.w.g. Gage, g. 

No. 18 ............ 300 

No. 16 400 

No. 15 to No. 8, inci 500 

No. 7 to No. 1, ind 750 

Nos. 0 to 0000, ind, 1000 

Buffed samples from conductors 
larger than No, 0000 A.w.g. 2000 


in accordance with the following Para- 
graphs (^) to (£^). 

(b) Sample Preparation: 

(i) Insulation on Conductors of No, 
0000 A,w,g, and Smaller , — ^Measure 
the initial diameter of a 1-in. specimen 
of the insulated conductor with a 
micrometer caliper with flat surface on 
each anvil. Also measure the di- 
ameter of the conductor, and calculate 
the thickness of the insulation as fol- 
lows: 



' ■ where: ■ 

rr= original thickness' of .the insula- 
tion,. 

D = initial diameter of the insulated 
conductor, and 

C == diameter of the conductor. ' 
(2) Insulation on Conductors Larger 
than No, 0000 A,w.g,-—RemQ've an 
8-in. sample of insulation from the 
conductor and buff it to obtain paral- 
lel surfaces 0.050 ± 0.010 in. in thick- 
ness. From this cut a test specimen 
1 in* in length and -A" ± w in. in 
width. Obtain the original thickness, 
Ti, of the specimen by using a gage® 
with a f-in. presser foot and no 
load on the foot of the gage. 

(c) Procedure , — Adjust the gage® so 
that it would subject the specimen to be 
tested to the load specified in Table III 
if the specimen were in position in the 
gage, and then place the gage in a pre- 
heated oven for 1 hr. at a temperature of 
120 to 122 C. At the end of this 1-hr. 
period place the test specimen in the 
oven. Allow the specimen and the gage 
to remain in the oven for 1 hr. at 120 to 
122 C. At the end of the 1-hr. period 
place the specimen directly under the 
foot of the gage with the load specified 
in Table III applied to the specimen and 
allow to remain in the oven for a period 
of 1 hr. at 120 to 122 C. At the end of 
this 1-hr. period read the dial of the gage, 
{d) Calculation.~ln the case of insu- 
lated conductors of No. 0000 A.w.g. and 
smaller, calculate the thickness of the 
insulation after the heat distortion test 
as follows: 



where: 

T%^ thickness of the insulation after 
the heat distortion test, 

K = final diameter of insulated con- 


* A Randa-Iland Stickney gage, or equivalent, is satis- 
factory. 
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^ ductor, as read from the gage 
(Paragraph (i:)) 5 and 
C = diameter of conductor. 

In the case of insulated conductors 
larger than No. 0000 A.w.g., the thick- 
ness T 2 of the insulation after the heat 
distortion test is numerically equal to 
the dial reading on the gage (Paragraph 

W). 

Flame-Retardant . Properties 

13. (a) The flame-retardant proper- 
ties of the insulation shall be such that 
wire will not convey flame nor continue 
to burn for more than 1 min. after five 
15-sec. applications of a standard test 
flame, the period between applications 
of such flame being 15 sec. 

(b) The apparatus for this test shall 
consist of a test chamber of sheet metal 
12 in. in width, 14 in. in depth, and 24 in. 
in height, open at the top, and provided 
with means of clamping the specimen 
at the upper end and supporting it in a 
vertical position; a means for adjusting 
the position of the specimen; a 4-lb. 
weight (for No. 8 A.w.g. and smaller 
sizes) to be attached to the lower end of 
the specimen to keep it taut; a Tirrill 
burner with an attached pilot light, 
mounted on a 20-deg.-angle block— the 
burner having a nominal bore of f in. and 
a length of approximately 4 in. above the 
primary air inlets; an adjustable steel 
angle (jig) attached to the bottom of the 
chamber to insure the cotrect location 
of the burner with relation to the sample; 
a supply of ordinary illuminating gas at 
normal pressure; a watch or clock with a 
hand which makes one complete revolu- 
tion each minute; and flame indicators 
consisting of strips of gummed kraft 
paper, 5 mils in nominal thickness and 
I in. in width. The paper used for the 
indicators is what is known to the trade 
as 60-lb. stock and is substantially the 
same material as that described in Fed- 
eral Specification for Tape; Paper, 
GunmiedTKraft) (UU-T-llU^^^ 


(c) The test shall be made in a room 
generally- free from drafts of air, but a 
ventilated hood may be used if air cur- 
rents do not affect the flame. One end 
of a test specimen of wire ' approxi- 
mately 22 in. in length shall be clamped 
in position at the upper end of the 
chamber and, for No. 8 A.w.g. and 
smaller, the weight then attached to keep 
the specimen taut. A paper indicator 
shall be applied to the specimen so that 
the lower edge is 10 in. above the point 
at which the inner blue cone of the test 
flame is to be applied. The indicator 
shall be wrapped once around the speci- 
men, with the gummed side toward the 
conductor and the ends pasted evenly 
together and projecting f in. from the 
wire on the opposite side of the specimen 
to that to which the flame is to be ap- 
plied. The paper tab shall be moistened 
only to the extent that will permit 
proper adhesion. The height of the 
flame with the burner vertical shall be 
adjusted to 5 in., with an inner cone 
1| in. in height. 

(d) The burner, with only the pilot 
lighted, shall be placed in front of the 
specimen so that the vertical plane 
through the stem of the burner includes 
the axis of the wire. The angle block 
shall rest against the jig, which shall be 
adjusted so that there is a distance of 
1| in. along the axis of the burner stem, 
between the tip of the stem and the 
surface of the specimen. The valve 
supplying the gas to the burner proper 
shall then be opened and the flame 
automatically applied to the specimen. 
This valve shall be held open for IS sec. 
This process shall be repeated four times. 
During each application of the flame, the 
specimen shall be adjusted, if necessary, 
so that the tip of the inner blue cone 
touches the surface of the specimen. If 
more than 25 per cent of the extended 
portion of the indicator is burned after 
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the five applications of the flame, the 
wire shall be considered to have con- 
veyed flame. The duration of the burn- 
ing of the specimen after the fifth appli- 
cation of the flame shall be noted, and 
any specimen which continues to burn 
for more than 1 min. shall not be con- 
sidered to be acceptable. 

Oil Resistance Test 

14. {a) The oil-resistant properties of 
the insulation shall be such that wire 
will conform to the requirements of the 
oil immersion test as described in the 
following Paragraphs (6) and (c), 

(b) Test specimens of the insulated 
wire or cable shall be placed in S.A.E. 20 
oil at a temperature of 69 to 71 C., so 
that the specimens are totally immersed 
except for the ends and shall remain in 
the oil for a period of 4 hr. At the end 
of this time, the specimens shall be re- 
moved from the oil, blotted to remove 
excess oil, and allowed to rest at room 
temperature for a period of 16 to 48 hr. 
The tensile strength and elongation of the 
insulation on these specimens shall then 
be determined at the same time as the 
original properties are determined. 

(c) The depreciation in tensile 
strength and elongation after the 4 hr. 
oil test shall not exceed 15 per cent. 
There shall be no increase in the diam- 
eter of insulated wire after the 4-hr. oil 
test. 

Cold Bend Test 

15. (a) The insulation shall not show 
any cracks when a test specimen of the 
insulated wire has been subjected to the 
cold bend test as described in the follow- 
ing Paragraph (6). 

(b) Test specimens of insulated wire 
shall be subjected to a temperature of — 9 
to —11 C. for a period of 1 hr. Upon 
removal from the cooling chamber, the 
specimens shall be wound immediately 


around a mandrel 'as specified, in Table 
IV. The winding or bending shall be 
done at an approximately uniform rate 
so- that the time required is. not. more 
than i min. 


TABLE IV .—MANDREL SIZES FOR COLD 
BEND TEST. 


Conductor Size, 
A.w.g. N.umbers 
or Cir. Mils. 

Number of 
Adjacent 
Turns ^ 

Diameter of 
Mandrel, in. 

No. 18........ 

6 1 


No. 16 

6 

% ■ 

No. 14« 

6 


No. 12« i 

6 

H 

No. 

6 

Ks 

No.8«......... 

6 


No. 6.. 

6 

m 

No. 4 

6 

IH 

No. 2., 

6 


No.l... 

6 

2% 

No. 0. 

6 

2% 

No. 00 

6 

3 

No. OOO 

6 


No. 0000 

250 000 to 500 000 

180«deg. bend 

1 , . m 

cir. mils 

i 180-deg. bend 

Z times cable 
diameter 

Over 500 000 cir. mils. 

I80“deg. bend 

1 

10 times cable 
i diameter 


" On sues Nos. 14, 12, and 10 A.w.g. having insulation 
thicknesses greater than % in., and on size No. 8 A.w.g. 
having insulation thicknesses greater than 5^ in., the 
mandrel diameters shall be % in., in., % in., and % in., 
respectively. 


High Voltage Test 

16. Each coil, reel or length of single 
conductor insulated wire or cable shall 
be immersed in water and tested with 
the alternating current voltage as pre- 
scribed in Table V. 


Insulation Resistance 

17. (a) Each coil, reel or iengtli of 
single conductor wire or cable after being 
subjected to the high-voltage test as 
specified in Section 16 shall have an 
insulation resistance not less than that 
prescribed in Paragraph (5), 

{b) The insulated conductor, No. 14 
A.w.g. or larger, shall have an insulation 
resistance at 60 F. (15.6 C.) of not less 
than that given by the following formula : 

i? = inogio| 
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where: , , . . 

R = insulation resistance in megohms 
per lOCX) ft,j, . 

IT' = constant =500 at 60 F. .(15.6 C.), 
D = diameter over insulation, and 
d. = diameter over conductor. 

(c) In calculating insulation resistance 
the: temperature coefficients given in 
Table' VI shall be used. ■ ■ 

TMckness of Insulation 
18. (a) The average thickness of the 
insulation shall be not less than pre- 
scribed in Table V. The minimum 
thickness shall be not less than 90 per 
cent of the thickness prescribed in 
Table V. 

(b) When the lot of wire to be in- 


spected consists of Wo coils or .reels, or 
less, at least one determination "of the 
thickness shall be made on each coil or 
reel When the lot consists of more 
than two coils or reels and less than 20 
coils or reels, at least one determination 
shall be made on each of two coils taken 
at random. If the lot consists of 20 or 
more coils or reels, not less than 10 per 
cent of the coils or reels shall be selected 
at random and at least one determina- 
tion of thickness made on each coil or 
reel so selected. 

(c) Measurement of Thickness , — ^The 
thickness measurements may be made 
with any type of micrometer reading to 
0.001 in., suitable for measurements of 


TABLE V.-THICKNESS OF INSULATION AND A-C. TEST VOLTAGES. 

N OTE 1 .—Thicknesses in Column A are recommended for use on wire and cables installed in appliances and apparatus 
in recognized metal raceways, or where used for supervisory control systems, etc. 

Note 2.— Thicknesses in Column B are recommended for station control wires and cables or similar important circu’^^^ 
or other installations where a heavier wall than specified in Column A is desired. 

Note 3.— Thicknesses in Column C are recommended for non-lead-covered cable installed in wet locations. If cable 
has lead or other impervious siieath, the thicknesses in Column B should be used. Underground ducts and direct earth 
burial shall be considered wet locations. 

Note 4.— When the provisions of the National Electric Code have jurisdiction, the wire or cable shall comply with 
the Underwriters' Laboratories Standard for Synthetic-Insulated Wires and Cables, dated October, 1942. 

Note 5.— For applications in excess of 600 v., the manufacturers' recommendations shall be obtained. 


Size of Conductor, 
A.w.g, numbers or 
cir. mils 

Column A 
Insulation 
Thickness, 
sixty-fourths 
of an inch 

A-C. 

Test Voltage 

Column B 
Insulation 
Thickness, 
sixty-fourths 
of an inch 

A-C. 

Test Voltage 

Column C 
Insulation 
Thickness, 
sixty-fourths 
of an inch 

A-C. 

Test Voltage 

No. 18 to No. 16... 

2 

1000 

3 

1500 

4 

2000 

No. 14 to No. 9. 

2 

1500 

3 

2000 

4 

2000 

No. 8.... 

3 

1500 

4 

2000 

S 

3500 

No. 7 to No. 3 

4 

2000 

4 

2000 

5 

3500 

No. 1 to No. 0000.,.. 

5 

2500 

5 

2500 

6 : 

4000 

225 000 to 500 000 

6 

3000 

6 

! 3000 

7 

4500 

525 000 to 1 000 000 

7 

3500 

7 

3500 

8 

6000 

Over 1 000 000 

8 

4000 

8 

4000 

9 

8000 


TABLE VI.— TEMPERATURE COEFFICIENTS. 


Temperature 

Temperature 

CoeflScient 

Fahrenheit 
■ Deg, 

Centigrade 

Deg. 

■ : '■ 50 

10.0 

0.29 

S3 

11.7 

0.45 

56 

13.3 

0.66« 

59 

15.0. 

0.91 

60 

' . . 15.6......... 

1.00 

62 

16,7 

1.26 

65 

18.3......... 

1.80 

68 

20.0.... 

2.50 

■■ 71 ■ 

, ■21.7.....',... 

3.50 

:■ ' 74 : 


1 5.00 

77 

■ 25.0......... 

6.60 

80 

26.7......... 

8.30 

83 

28.3...... ... 

11.0 

86 

! 30.0.. 

17.5 


® Editorially corrected, October, 1946. 


this character. The average thickness 
of the insulation shall be taken as one- 
half the difference between the mean of 
the maximum and the minimum diam- 
eters measured at any point and the 
average diameter of the conductor meas- 
ured at the same point. The minimum 
thickness shall be taken as the difference 
between a measurement made over the 
conductor plus the thinnest wall and the 
diameter of the conductor. (The first 
measurement shall be made by slicing 
off the heavier side of the insulation.) 
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In the case of multiple-conductor cable, 
the measurements shall be made on the 
individual wires before being cabled. 

Workmanship 

19. (a) The insulation shall be homo- 
geneous in character, tough, flexible and 
applied concentrically about the con- 
ductor and shall fit tightly thereto, 

(J) Repairs and Joints . — ^When re- 
pairs or joints are made in the insulation, 
the work shall be done in such a manner 
that the repaired part of the joint, and 
all parts affected by the process, shall 
meet the same electrical tests as the 
remainder of the insulation and shall not 
exceed the limitations on the thickness 
specified in Section 18, 

Rejection 

20. (a) If the thickness of the insula- 
tion of any coil or reel is found to be less 
than the specified value, that coil or 
reel shall be rejected and a thickness 


measurement, on each of the remaining, 
coils or reels shall, be , made. 

(b) When 10 or more samples are se- 
lected from any inspection lot, all coils, 
reels, or lengths may be rejected if' more 
than 10 per cent of the samples fail to 
conform to the requirements as to physi- 
cal properties. If 10 per cent or less 
fail, each coil, reel, or length may be 
tested and shall be accepted or rejected 
upon the results of such individual tests, 
Wiere the number of samples selected 
in any inspection lot is less than, 10, all 
coils, reels, or lengths shall be rejected 
if more than 20 per cent of the samples 
fail. If 20 per cent or less fail, each coil, 
reel, or length may be tested and shall 
be accepted or rejected upon the results 
of such individual tests. 

(c) Each coil, reel, or length which 
fails to conform to the electrical require- 
ments of these specifications shall be 
rejected. 


Tentative Specifications for 

RUBBER SHEATH COMPOUND FOR ELECTRICAL 
INSULATED CORDS AND CABLES^ 



A.S.T.M, Designation: D 532 - 46 T 

Issued, 1939; Revised, 1946.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance wth established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover a 
durable, vulcanized rubber compound 
suitable for use as the outside covering 
or sheath on insulated electrical cords 
and cables. 

Character of Sheath 

2. The vulcanized rubber sheath shall 
be homogeneous in character, tough 
and elastic. ' 

Methods of Testing 

3. All measurements and tests neces- 
sary for determining the conformity of 
the sheath to these specifications shall 
be made in accordance with the Tenta- 
tive Methods of Testing Rubber Insu-- 
lated Wire and Cable (A.S.T.M. Desig- 
nation: D 470) of the American Society 
for Testing Materials,® except as other- 
wise prescribed in these specifications. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-11 on Rubber and Rubber-Like 
Materials. 

2 Revision accepted by the Administrative Committee 
on Standards, September 9 , 1946 . 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Physical Requirements 

4. The vulcanized rubber sheath shall 
conform to the following requirements 
as to physical properties: 


Tensile strength, min., psi. 3500 

Tensile stress at 200 per cent elongation, 

min., psi 500 

Elongation at rupture, min., per cent. . . . 500 

Set in 2-in. gage length, max., in. i 

Tensile strength after 96 hr. in oxygen 

bomb test, min., psi 2500 

Elongation at rupture after 96 hr. in 

oxygen bomb test, min., per cent 400 

Tear resistance, min., lb. per in 40 


Sampling for Original Physical Tests 

5. (a) Cord or cable having an out- 
side diameter up to and including 1 in, 
shall be sampled in accordance with the 
following requirements: 

Number of Samples 

2 000 ft. and under .none 

2 001 to 10000 ft 1 for each 2000 ft. 

or fraction thereof 

10 001 to 100 000 ft 5 plus 1 for each 

10,000 ft. additional over 10 000 ft. 
100 001 to 500 000 ft. .... . . . . .14 plus 1 for 

each 25 000 ft. over 100 000 ft. 

(5) For cable larger than 1 in. in 
outside diameter, one sample shall 
be selected from quantities between 


1143 


1 144 SPEcmcAtioNs FOR Robber Sheaxh for Cords and Cables (D 532 “ 46 T) 


1000 and 2(KKI, ft. and for larger quan- 
tities double those" specified in Para- 
graph (a). 

Sampling for Accelerated Aging Tests 

6. (d) No samples shall be selected 
where the quantity is less than 2000 
ft. of cord or cable. 

(b) For cord or cable having an out- 
side diameter up to and including 1 in., 
one sample shall be selected for each 
quantity ordered between 2000 ft. and 
25,000 ft. and one additional sample for 
each additional 25,000 ft. thereafter. 

(c) For cable larger than 1 in. in 
outside diameter one sample shall be 
selected for each quantity ordered be- 
tween 2000 ft. and 10,000 ft. of cable 
and one additional sample for each addi- 
tional 10,000 ft. thereafter. 

Test Specimens 

7. (<$) For the physical tests and 
accelerated aging tests the^test specimen 


/e > 


.Cut 





T 

I 

L . 

“**i 

[ U-0./J0'' 


■ 1 
t 


Fig. 1.— Test Specimen for Tear Test. 


to, the dimensions .shown .in Fig, 1. 
The thickness. . in inches, of the .test 
specimen shall not be greater than 0.150 
in. and not less than 0.040 in. and shall 
be split longitudinally with a new razor 
blade to a point O.ISG in. from the wider 
end. 

Tear Test 

8. (u) The tear test shaE be made on 
a minimum of six individual test speci- 
mens prepared as described in Section 
7 (5). The two halves of the spEt end 
of the test specimen shaE be placed 
in the jaws of the tension testing 
machine and the jaws separated at the 
rate of 20 in. per min. The tear resist- 
ance shall be determined by dividing 
the load in pounds required to tear 
the section by the thickness of the test 
specimen in inches. The average of the 
values obtained on all test specimens 
shaU conform to the requirement for 
tear resistance prescribed in Section 4. 

(6) If the average tear resistance 
of the first set of test specimens is 
less than the requirement prescribed 
in Section 4, two other sets of specimens 
shaE be tested and if either of iese sets 
fails, the coEs, reels, or lengths shaE be 
rejected. 

Rejection 


shall be taken from the completed cord 
or cable and cut parallel to the axis of 
the cord or cable. With the exception 
of the tear test, the test specimen shaE 
be either a segment or sector cut with 
a sharp knife or a shaped specimen cut 
out with a die and shall have an area of 
cross-section not greater than 0.025 
sq. in., after irregularities, corrugations, 
and reinforcing cords or wires are re- 
moved by buffing. 

{b) The test specimen for the tear 
test shaE be cut with a sharp knife or 
die. After irregularities, corrugations, 
and reinforcing cords or wires are re- 
moved the test specimen shaE conform 


9. When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail. 
If 10 per cent or less fail, each coil, reel, 
or length may be tested and shall be 
accepted or rejected upon the results of 
such individual tests. When the num- 
ber of samples selected in any inspection 
lot is less than ten, all coils, reels, or 
lengths shall be rejected if more than 
20 per cent of the samples fail. If 20 
per cent or less faU, each coil, reel, or 
length may be tested and shall be ac- 
cepted or rejected upon the results of 
such individual tests. 
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GR-M POLYCHLOROPRENE SHEATH COMPOUND FOR 
ELECTRICAL INSULATED CORDS AND CABLES ‘ 



A.S.T.M. Designation: D 752 ™ 46 T 


Issued 1943; Revised, 1944, 1946.* 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadel])hia 3, Pa. 


Scope 

L These specifications cover a durable 
vulcanized GR~M polychloroprene com- 
pound suitable for use as the outside cov- 
ering or sheath on insulated electrical 
cords and cables for heavy duty service 
at temperatures not lower than --25 C. 

Character of Sheath 

2. The vulcanized polychloroprene 
sheath shall be homogeneous in charac- 
ter, t6ugh and elastic, and shall be prop- 
erly vulcanized to conform to the require- 
ments prescribed in these specifications. 

Methods of Testing 

3. All measurements and tests neces- 
sary for determining the conformity of 
the sheath to these specifications shall 
be made in accordance with the Tentative 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M, Committee D-11 on Rubber and Rubber-Like 
Materials. ■ , 

By publication of these specifications, the American 
Society for Testing Materials does not undertake tc insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such li- 
ability, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Latest revision accepted by the Society at annual 
meeting, June, 1946. 

Prior to their publication as tentative, these specifica- 
tions were issued as an emergency standard (ES - 28^ from 
April 15, 1943, to December 27, 1943. 


Methods of Testing Rubber Insulated 
Wire and Cable (A.S.T.M. Designation: 
D470) of the American Society for 
Testing Materials,® except as otherwise 
prescribed in these specifications. 

Physical Requirements 
4. The vulcanized polychloroprene 
sheath shall conform to the following 
requirements as to physical properties: 


Tensile strength, min., psi 1800 

Tensile stress at 200 per cent elongation, 

min., psi 500 

Elongation at rupture, min., per cent 300 

Set in 2-in. gage length, max., in.. ....... . | 

Tensile strength after 96 hr. in oxygen bomb 

test, min., psi 1600 

Elongation at rupture after* 96 hr. in oxy- 
gen bomb test, min., per cent 250 

Tensile strength after 168 hr. in air oven 
test at 157 to 159 F. (69.4 to 70.6 C.), 

min., psi. 1600 

Elongation at rupture after 168 hr. in air 
oven test at 157 to 159 F, (69.4 to 70.6 

C.), min., per cent 250 

Tensile strength and elongation at rupture 
after 18 hr. in oil immersion test at 249 
to 251 F. (120.6 to 121.7 C.), min., per 
cent of the original value 60 


Sampling for Original Physical Tests 
5. For physical tests, samples of cord 
and cable shall be selected as follows: 


s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(а) Cord 01 ' cable having an outside 
diameter up to and induding' 1 in. shall 
be sampled in accordance with the foEow- 
ing requirements: 

Number of Samples 

2000 ft. and under. none 

2001 to 10 000 ft 1 for each 2000 ft. or 

fraction thereof 

10 001 to 100 000 ft, ... .5 plus 1 for each lOOOO 
ft additional over 
iOCKlOft 

100 001 to 500 000 ft .14 plus 1 for each 

25 000 ft over 
100000 ft 

(б) For cable larger than 1 in. in out- 
side diameter, one sample shall be se- 
lected from quantities between 1000 and 
2000 ft. and for larger quantities double 
those specified in Paragraph (a). 

Sampling for Accelerated Aging and Oil 
Immersion Tests 

6. For accelerated aging and oil im- 
mersion tests, samples of cord and cable 
shall be selected as follows: 

(а) No samples shall be selected where 
the quantity is less than 2000 ft. of 
cord or cable. 

(б) For cord or cable having an out- 
side diameter up to and including 1 in., 
one sample shall be selected for each 
quantity ordered between 2000 ft. and 

25.000 ft. and one additional sample for 
each additional 25,000 ft. thereafter. 

(c) For cable larger than 1 in. in 
outside diameter, one sample shall be 
selected for each quantity ordered be- 
tween 2000 ft. and 10,000 ft. of cable 
and one additional sample for each 

10.000 ft. thereafter. 

Test Specimens 

7. For the physical, accelerated aging, 
and oil immersion tests, the test speci- 
mens shall be taken from the completed 
cord or cable and cut parallel to the 
axis of the cord or cable. The test 
specimen shall be either a segment or a 
sector cut with a sharp knife, or a shaped 
specimen cut put with a die and shall 
have an area of cross-section not greater 


than 0.025 sq. in. after irregularities, 
corrugations, and reinforcing cords or 
wires are removed by buffing. 


OE Immersion Test 

8. (a) Specimens obtained in accord- 
ance with Section 7 after being measured 
and prepared for testing shall be com- 
pletely immersed in oil conforming to the 
requirements prescribed in Paragraph (c) 
at a temperature of 249 to 251 F. (120.6 
to 121.7 C.) for a period of 18 hr. At 
the end of the required immersion time, 
the specimens shall be removed from 
the oil, blotted lightly to remove excess 
oil, suspended in air at room temper- 
ature for 4 it I hr., after which they 
shall be tested for tensile strength and 
elongation. 

(b) The calculations for tensile 
strength shall be based on the cross- 
sectional area of the specimen obtained 
before immersion in the oil. Likewise, 
the elongation shall be based on the 
gage marks applied to the specimen be- 
fore immersion in the oil. 

(c) The general characteristics of the 
oil shall conform to the following re- 
quirements: 

Require- A.S.TAI. 
ment Designation® 

A.S.T.M. color number, max.. . . 3 D ISS 

Condition clear — 

Flash point, min 235 C. (454 F.) D 92 

Fire point, min 280 C. (536 F.) D 92 

Free sulfur', max,, per cent none 

Neutralization number, max., 

mg. ofKOHperg 0.020 D 663 

Pour point, max.. —SC. (+23 F.) D 97 

Specific gravity at 60 F., min.... 0.93 D 287 

Total sulfur, max., per cent 0.35 D 129 

Viscosity, sec.: 

at 30 C. (86 F.) (Saybolt 

Furol).., 550 to 650 D 88 

at 100 C. (212 F.) (Saybolt 
Universal) 95 to 105 D 88 


® These designations refer to the following methods of 
the American Society for Testing Materials: 

Tentative Method of Test for Color of Lubricating Oil 
and Petroktum by Means of A.S.TJM. Union Colorimeter 
(A.S.TJM. Designation: D 155)/ 

Standard Method of Test for Flash and Fire Points by 
Means of Open Cup (A.S,T.M. Designation: D 92)/ 
Tentative Method of Test for Acid and Base Numbers 
of Petroleum Oils by Color-Indicator Titration (A.S.T.M. 
Designation: D 663), « 

Standard MeUiod of Test for Cloud and Pour Points 
(A.S.T.M. Designation: D 97),^ 


* 1946 Book of A.S.TJM. Standards, Part III-A. 
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Stafldard Method of Test for Gravity of Petrolemn and 
Petrolenia Products by Means of the Hydrometer (A.S. 
T.M. Designation: B 287)/ 

Standard Method of Test for Sulfur In Petroleum 
Oils by Bomb Method (A.S.T-M. Designation: D 129),* 
and 

Standard Method of Test for Viscosity by Means of 
the Saybolt Viscosimeter ■(A.S.T.M. Designation: D 88),* 

.RejectiQii ; 

9. When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail.; 
If 10 per cent or less fail, each coil, 


reel, or length may be teted and shall 
be accepted or rejected upon the results 
of such ■ individual tests. When the 
number of samples selected in any in- 
spection lot' is less than ten, all coils, 
reels, or lengths shall be rejected if more 
than 20 per cent' of the samples fail 
If 20 per cent or less fail, each coil, reel, 
or length may be tested and shall be 
accepted or rejected upon the results of 
such individual tests. 


Tentative Specifications for 

GR-M POLYCHLOROPRENE SHEATH COMPOUND FOR 
ELECTRICAL INSULATED CORDS AND CABLES WHERE 
EXTREME ABRASION RESISTANCE IS NOT REQUIRED » 



A.S.T.M. Designation: B 753 ‘-44T 
Issued, 1943; Revised, 1944.^ 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. These specifications cover a durable, 
vulcanized, GR-M polychloroprene com- 
pound suitable for use as the outside cov- 
ering or sheath on insulated electrical 
cords and cables where extreme abrasion 
resistance is not required at temperatures 
not lower than —25 C. 

Character of Sheath 

2. The vulcanized polychloroprene 
sheath shall be homogeneous in character, 
tough and elastic, and shall be properly 
vulcanized to conform to the require- 
ments prescribed in these specifications. 

Methods of Testing 

3. All measurements and tests neces- 
sary for determining the conformity of 
the sheath to these specifications shall 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Comnaittee B-U on Rubber and Rubber-Like 
Materials. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters . Patent nor assume any such 
liability, and such publication should not be construed as a 
recommendation of any patented or proprietary appli- 
cation that may be involved. 

2 Revision accepted by the Society at annual meeting, 
June, 1944. 

Prior to their publication as tentative, these specifica- 
tions were issued as an emergency standard (ES - 30) from 
April 15, 1943, to Becember 27, 1943. 


be made in accordance with the Tentative 
Methods of Testing Rubber Insulated 
Wire and Cable (A.S*T.M. Designation: 
D 470) of the American Society for 
Testing Materials,® except as otherwise 
prescribed in these specifications. 

Physical Requirements 

4. The vulcanized polychloroprene 
sheath shall conform to the following 
requirements as to physical properties: 

Tensile strength, min,, psi 1200 

Elongation at rupture, min., per cent 250 

Set in 2-in. gage length, max., in f 

Tensile strength after 96 hr. in oxygen 

bomb test, min., psi 1000 

Elongation at rupture after 96 hr. in oxygen 

bomb test, min., percent 200 

Tensile strength after 168 hr. in air oven 
test at 157 to 159 F. (69.4 to 70.6 C.), 

min., psi. 1000 

Elongation at rupture after 168 hr. in air 
oven test at 157 to 159 F. (69.4 to 

70.6 C.), min., per cent 200 

Depreciation in tensile strength and elonga- 
tion at rupture after 18 hr. in oil im- 
mersion test at 249 to 251 F. (120.6 to 
121.7 C.), max., percent. ... .......... 40 

Sampling for Original Physical Tests. 

5, For physical tests, samples of cord 
and cable shall be selected as follows: 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(a) Cord or cable baving an outside 
diameter up to and including 1 in. shall 
be sampled in accordance with the fol- 
lowing requirements : 

Number of Samples 

2000 ft. and under. .... .none 

2001 to 10 000 ft.. ..... .1 for each 2000 ft. or 

fraction thereof 

10 001 to 100 000 ft. ..... 5 plus 1 for each 10 000 

ft. additional over 
10 000 ft. 

100 001 to 500 000 ft 14 plus 1 for each 

25 000 ft. over 
100 000 ft. 

(b) For cable larger than 1 in. in 
outside diameter^ one sample shall be 
selected from quantities between 1000 
and 2000 ft., and for larger quantities 
double those specified in Paragraph (a). 

Sampling for Accelerated Aging and 
Oil Immersion Tests 

6. For accelerated aging and oil im- 
mersion tests, samples of cord and cable 
shall be selected as follows : 

(a) No samples shall be selected where 
the quantity is less than 2000 ft. 

(b) For cord or cable having an out- 
side diameter up to and including 1 in., 
one sample shall be selected for each 
quantity ordered between 2000 ft. and 

25.000 ft. and one additional sample for 
each additional 25,000 ft. thereafter. 

(c) For cable larger than 1 in. in out- 
side diameter one sample shall be se- 
lected for each quantity ordered between 
2000 ft. and 10,000 ft. of cable and one 
additional sample for each additional 

10.000 ft. thereafter. 

Test Specimens 

7. For the physical, accelerated aging, 
and oil immersion tests the test speci- 
mens shall be taken from the completed 
cord or cable and cut parallel to the 
axis of the cord or cable. The test 
specimen shall be either a segment or 
sector cut with a sharp knife, or a shaped 
specimen cut out with a die and shall 
have an area of cross-section not greater 


than 0.024 sq. ' in. , after irregularities,., 
corrugations, and reinforcing cords; or 
wires are removed by buffing. 

Oil Immersion Test 

8. (a) Speci,mens obtained in accord.- 
ance with Section 7 after being measured ■ 
and prepared for testing shall be com- 
pletely munersed in oil conforming' to' 
the requirements prescribed in Para- 
graph (c) at a temperature of 249 to 
251 F. (120.6 to 121,7 C.) for a period 
of 18 hr. At the end of the required 
unmersion time, the specimens shall be 
removed from the oil, blotted lightly to 
remove excess oil, suspended in air at 
room temperature for 4 | hr., after 

which they shall be tested for tensile 
strength and elongation. 

(b) The calculations for tensile 
strength shall be based on the cross- 
sectional area of the specimen obtained 
before immersion in the oil. Likewise, 
the elongation shall be based on the 
gage marks applied to the specimen 
before immersion in the oil. 

(c) The general characteristics of the 
oil shall conform to the following re- 
quirements : 



Require- A.S.T.M. 


ment Designation* 

A.S.T.M. color number, max.. . 

3 

D 155 

Condition 

clear 

Flash point, min 

235 C. (454 F.) 

D,92 

Fire point, min. 

280 C. (536 F.) 

D 92 

Free sulfur, max., per cent 

Neutralization number, max., 

none 


mg. of KOH per g.. 

0.020 

D663 

Pour point, max 

-S C. (+23 F.) 

D97 

Specific gravity at 60 F., min. . . 

0.93 

D 287 

Total sulfur, max., per cent — 
Viscosity, sec.: 

0.35 

D 129 

at 30 C. (86 F.) (Saybolt 


Furoi) 

550 to 650 

D88 

at too C. (212 F.) (Saybolt 


Universal) 

95 to 105 

DSS 


® These designations refer to the following methods of 
the American Society for Testing Materials: 

Tentative Method of Test for Color of Lubricating Oil 
and Petrolatum by Means of A.S.T.M. Union Golorimeter 
(A.S.T.M. Designation: D 155),^ 

Standard Method of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Designation: D 92), ^ 

Tentative Method of Test for Acid and Base Numbers 
of Petroleum Oils by Color-Indicator Titration (A.S.T.M. 
Designation: D 663),^ 

*194d Book of A.S.T.M. Standards, Part III-A* 
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, Staadard Metisod of. Test for Cloud aad Four Points 
CA.S.T.M. Designation: D 

Standard Method of Test for Gravity of Petroleum and 
Petroleum Products by Means of the 'Hydrometer (A.S. 
T.M. Designation: ,D\287),4 

Standard Method of Test for Sulfur In Petroleum' 
.Oils by Bomb Method ( A. S.T.M.- Designation: D i29)s‘S 
and ' ' 

Standard Method of Test for Viscosity by Means of 
the Say bolt Viscosimeter (A.S.T.M. Designation: D88).^ 


ReJectioE 

9. Wheri' ten or 'more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail If 


10 per cent or less fafl, each coil, reel, or 
length may be tested and shall be ac- 
cepted or' rejected upon the results, of 
such individual tests » When the num- 
ber of samples selected in any inspection 
lot is less than ten, all coils, reels, or 
lengths shall be rejected, if more than 
20 per cent of the samples fail. If 20 per 
cent or less fail, each coil, reel, orlength 
may be tested and shall be accepted or 
rejected upon the results of such indi- 
vidual tests. 



Tentative Specifications for 

GR-S SYNTHETIC RUBBER SHEATH COMPOUND FOR 
ELECTRICAL INSULATED CORDS AND CABLES^ 


A.S.T.M. Designation: D 866- 46 T 

Issued, 1946.2 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

L These specifications cover a dur» 
able, vulcanized synthetic rubber com- 
pound, type GR-S, suitable for use as the 
outside covering or sheath on insulated 
electrical cords and cables. Recom- 
mended use of this compound in service 
requiring flexing is limited to temper- 
atures of —25 C, and higher (Note). 

Note. — GR-S jackets suitable for operation 
at lower temperatures can be provided when 
agreed upon by the purchaser and the seller. 

Character of Sheath 

2. The vulcanized synthetic rubber 
sheath shall be homogeneous in character, 
tough and elastic, and shall be properly 
vulcanized to conform to the require- 
ments prescribed in these specifications. 

Methods of Testing 

3. All measurements and tests neces- 
sary for determining the conformity of 
the sheath to these specifications shall 
be made in accordance with the Tentative 

^ Uader the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-ll on Rubber and Rubber- 
like Materials, 

* Accepted by the Administrative Conimittee on Stand- 
ards, January 10, 1946. 

Prior to their publication as tentative, these specifica- 
tions were issued as Emergency Specifications ES-6 from 
May 8, 1942, to January 10, 1946. 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T Jd . Designations at front of book. 


Methods of Testing Rubber Insulated 
Wire and Cable (A.S.T.M. Designation: 
D 470) of the American Society for 
Testing Materials,® except as otherwise 
prescribed in these specifications, 

Physical Requirements 

4. The vulcanized S 3 mthetic rubber 
sheath shall conform to the following 
requirements as to physical properties: 


Tensile strength, min., psi 1800 

Elongation at rupture, min., per cent. . . . 300 

Set in 2-in. gage length, max., in f 

Tensile strength after 48 hr. in oxygen 

pressure aging test, min,, psi . . . 1400 

Elongation after 48 hr. in oxygen pressure 
aging test, min., per cent. 200 


Sampling for Original Physical Tests 

5. {a) Cord or cable having an out- 
side diameter up to and including 1 in. 
shall be sampled in accordance with the 
following requirements : 

Number of Samples 

2000 ft. and under none 

2001 to 10 000 ft 1 for each 2000 ft. 

' or , fraction 
"thereof 

10 001 to 100 000 ft.. .5 plus i for each 

10 000 ft. add!-, 
tional ' over 
10 OOO ft. 

100 001 to 500 000 ft. . 14 plus 1 for each 

25 000 ft. over 
lOOOOOft. 
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' (5), For cable larger than 1 in* in out-' 
side ^ diameter, one ' sample shall be ' se- 
lected from quantities between 1000 and 
2000 ft., and for larger quantities double 
those specified in Paragraph (a). 

Sampling for Accelerated Aging Tests 

; 6. (a) No samples shall be selected 
where the quantity is less than 2000 ft. 
of cord or cable. 

(5) For cord or cable having an out- 
side diameter up to and including 1 in., 
one sample shall be selected for each 
quantity ordered between 2000 ft. and 
25,000 ft. and one additional sample for 
each additional 25,000 ft. thereafter. 

(c) For cable larger than 1 in. in out- 
side diameter one sample shall be selected 
for each quantity ordered between 2000 
ft. and 10,000 ft. of cable and one addi- 
tional sample for each additional 10,000 
ft. thereafter. 

Test Specimens 

7. For the physical tests and accel- 
erated aging tests the test specimen shall 
be taken from the completed cord or 


cable and cut parallel to the axis of the 
cord or cable., , The test specimen shall 
be either a segment or sector cut with a 
sharp knife or a shaped specimen cut 
out wdth a die and shall have an area of 
cross-section not greater than 0.024 sq. 
in., after irregularities, corrugations,. and 
reinforcing cords or vrires are removed 
by buffing. 

Eejection 

8. When ten or more samples are* 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail. If 
10 per cent or less fail, each coil, reel, or 
length may be tested and shall be ac- 
cepted or rejected upon the results of 
such individual tests. When the num- 
ber of samples selected in any inspection 
lot is less than ten, all ceils, reels, or 
lengths shall be rejected, if more than 20 
per cent of the samples fail. If 20 per 
cent or less fail, each coil, reel, or length 
may be tested and shall be accepted or 
rejected upon the results of such indi- 
vidual tests. 



I 

i 
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Tentative Specifications for 

GR-S SYNTHETIC RUBBER SHEATH COMPOUND FOR 
ELECTRICAL INSULATED CORDS AND CABLES 
WHERE EXTREME ABRASION RESISTANCE 
IS NOT REQUIRED^ 



A.S.T.M. Designatioii: D 812 ~ 44 T 
Issued, 1944.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia $, Pa* 


Scope 

1. These specifications cover a \ml- 
canized synthetic rubber compound, 
type GR~S, suitable for use as the out- 
side covering, or sheath, on insulated 
electrical cords and cables which are not 
subject to severe mechanical use and 
where extreme abrasion resistance is not 
required. 

Character of Sheath. 

2. The wlcanized sheath shall be 
homogeneous in character, tough and 
elastic, and shall be properly vulcanized 
to conform to the requirements prescribed 
in these specifications. 

Methods of Testing 

3. All measurements and tests neces- 
sary for determining the conformity of 
the sheath to these specifications shall 
be made in accordance with the Tentative 
Methods of Testing Rubber Insulated 
Wire and Cable (A.S.T.M. Designation: 

1 Under the standardimtion procedure of the Society, 
these specifications are under the jurisdiction of the 
A-S.T.M. Committee D-11 on Rubber and Rubber-Like 
Materials. 

® Accepted by Committee E-10 on Standards, Decem- 
ber 13, 1944. 


D 470),^ except as otherwise prescribed 
in these specifications. 

Physical Requirements 

4. The vulcanized sheath shall con- 
form to the following requirements as 
to physical properties: 

Tensile strength, min., psi 1200 

Elongation at rupture, min., per cent 250 

Tensile strength after 48 hr, in 70 C., 
oxygen bomb test, min., psi lOOO 

Note. — Where these jackets are to be exposed 
to sunlight it is suggested a sunlight resisting 
wax be incorporated in the compound. 

Sampling for Original Physical Tests 

5. {a) Cord or cable having an outside 
diameter up to and including 1 in. shall 
be sampled in accordance with the 
following requirements: 

Number of Samples, 

2000 ft. and under none 

2001 to 10 000 ft 1 for each 2000 ft. or 

fraction thereof 

10 001 to 100 000 ft 5 plus 1 for each 

10 000 ft. addi- 
tional over TO OOO 
it 

100 001 to 500 000 ft. .... 14 plus 1 for each 
25 000 ft. over 
100 000 ft 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(6) . For cable larger than ■ 1 in. in 
outside, diameter, one sample shall be 
selected from quantities between 10(X) 
and 20CK) ft., and for larger quantities 
double those specified in Paragraph' (a). 

Sampling for Accelerated Aging Tests 

6. (a) No samples shall be selected 
where the quantity is less than 20CX) ft. 
of cord or cable. 

(5) For cord or cable having an outside 
diameter up to and including 1 in., one 
sample shal be selected for each quantity 
ordered between 2000 ft. and 25,000 ft. 
and one additional sample for each 
additional 25,000 ft. thereafter. 

(c) For cable larger than 1 in. in out^ 
side diameter one sample shall be 
selected for each quantity ordered be- 
tween 2000 ft. and 10,000 ft. of cable and 
one additional sample for each additional 
10,000 ft. thereafter. 

Test Specimens 

7. For the physical tests and accel- 
erated aging tests the test specimen 
shall be taken from the completed cord 


or cable and cut parallel .to .the axis of 
the cord or cable. The test . specimen 
shall be either a seg.iiien.t or sector cut 
with a sharp knife or a shaped specimen 
cut out with a die and shall have an area 
of cross-section not greater than 0.024 
sq. in., after irregularities, corrugations, 
and reinforcing cords or wires are re- 
moved by buffing. 

Rejection 

8. When ten or more samples are 
selected in any inspection lot, all coils, 
reels, or lengths shall be rejected if more 
than 10 per cent of the samples fail. 
If 10 per cent or less fail, each coil, reel, 
or length may be tested and shall be 
accepted or rejected upon the results of 
such individual tests. When the number 
of samples selected in any inspection lot 
is less than 10, all coils, reels, or lengths 
shall be rejected, if more than 20 per 
cent of the samples fail. If 20 per cent 
or less fail, each coil, reel, or length may 
be tested and shall be accepted or 
rejected upon the results of such indi- 
vidual tests. 



Tentative Methods of 

TESTING RUBBER INSULATED WIRE AND CABLE* 



A.S.T.M. Designatioii: D 470 - 46 T 
Issued, 1946; Revised, 1946.® 


Tliese Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. Tliese methods describe procedures 
for the testing of rubber-insulated wire 
and cable. They are not to be con- 
sidered completely applicable to all types 
of wire and cable, nor do they necessarily 
include every test applicable to a par- 
ticular type. To determine the tests 
to be made on a particular wire or cable, 
reference should be made to the specifica- 
tions for that type. These methods do 
not apply to the class of products 
known as flexible cords. The insulation 
resistance and moisture absorption tests 
do not apply to the class of products 
having a separator between the con- 
ductor and the insulation. 

Physical Tests op Insulation 
Physical Tests 

2. Physical tests include the deter- 
mination of tensile strength, tensile 
stress, ultimate elongation, permanent 
set, . and accelerated aging. : 

^ Under tbe standardization procedure of the Society 
these methods are under the jurisdiction of the A.S.T.M 
Committee D-11 on Rubber and Rubber-Like Materials. 

2 Reverted to tentative by action of the Society at 
annual meeting, June, 1946; revision accepted by the 
Administrative Committee on Standards, September 9, 
1946. 

Prior to their present publication as tentative, these 
methods were published as tentative from 1937 to 1941, 
being revised in 1938, 1939, and 1940. They were adopted 
in 1941, published as standard from 1941 to 1946, when 
they were revised and republished as tentative. 


Sampling 

3. {a) Number of Samples— Wke mi 
cable shall be sampled as follows: 

For sizes less than 250,000 cir. mils, 
one sample shall be selected for each 
quantity ordered between 2000 ft. and 

50.000 ft. of wire or cable and one addi- 

tional sample for each additional 50,000 
ft. thereafter. No sample shall be 

selected from lots of less than' 2000 ft. 

For sizes 250,000 cir. mils and over, 
one sample shall be selected for each 
quantity ordered between 1000 ft. and 

25.000 ft. of wire or cable and one addi- 

tional sample for each additional 25,000 
ft. thereafter. No sample shall he 

selected from lots of less than 1000 ft. 

(b) Size of Samples. — Samples shall be 
at least 6 ft. in length when the wire 
size is less than 250,000 cir. mils, and 
at least 3 ft. in length when the wire 
size is 250,000 cir. mfls or over. 

Test Specimens 

4. (a) Number of Specimens. — From 
each of the samples selected in accord- 
ance with Section 3, test specimens shall; 
be prepared as follows: 

■ Number of 
Teat Specimerm 

For determination of initial properties 
(imaged) : 

Tensile strength, tensile stress, and 


ultimate elongation. 3 

Permanent set. .... . . . . . . . . . . . . . . . 3 
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For aging tests: 

: Air pressure heat or oxygen pressure. 3 
Air oven, . . . . . . . 3 

' One speciinen of - each three shall be 
tested and the other two specimens held 
in reserve except that when ■ only one 
sample is selected aU three specimens 
shall be tested and the average of the- 
.results reported. 

(5) Size of Specimens, — In the case of 
wire and cable^ smaller than No. 6 A.w.g. 
having an insulation thickness less than 
in., the test specimen may be the 
entire section of the insulation. When 
the full cross-section is used, the speci- 
mens shall not be cut longitudinally. In 
the case of wire and cable of No. 6 A.w.g. 
and larger, or in the case of wire and 
cable smaller than No. 6 A.w.g. having 
an insulation thickness greater than 
^ in., specimens approximately square 
in section, with a cross-section not 
greater than 0.025 sq. in., shall be cut 
from the insulation. In extreme cases, 
it may be necessary to use a segmented 
or sector-shaped specimen. The test 
specimens shall be approximately 6 in. 
in length. 

{(f) Preparation of Specimens, — The 
test specimen shall have no surface inci- 
sions and be as free as possible from other 
imperfections. Surface irregularities, 
such as corrugations due to stranding, 
etc., shall be removed by buffing. When 
a test specimen is buffed, care shall be 
taken to make it smooth and of uniform 
thickness. 

Note. — The removal of the rubber insulation 
can be greatly accelerated, and in most cases a 
test specimen which is an entire section can be 
obtained free from surface incisions and im- 
perfections, by means of mercury. The mercury 
should be introduced at one end of the sample 
between the insulation and the tinned surface 
of the conductor, and the sample inclined on a 
support with the end to which the mercury is 
applied at the top. The separation of the 
rubber insulation results from the amalgamation 
of the tin of the conductor with the mercury. 
The amalgamation is assisted by iSrst immeming 
and rubbing the tinning on the exposed end of 
the conductor in the mercuiy. 


(d) Condition and Samples of 

the insulated wire or cable for, physical 
and accelerated aging tests shall be taken 
after vulcanization and prior to the 
application of any cove,ring except that 
a cable tape' may be applied before 
vulcanizing. No tests shall be made 
within 24 hr. nor later than 60 days 
after vulcanization unless agreed to by 
the manufacturer. Specimens shall not 
'be heated, immersed in water, or sub- 
jected to any mechanical or chemical 
treatment not specifically prescribed in 
these methods. Specimens for accel- 
erated aging tests having cable tape ap- 
plied prior to vulcanization shall be aged 
with such tape removed. 

Calculation of Area of Specimens 
5. Calculation of the area of a test 
specimen shall be made as follows: 

{a) Where the total cross-section of 
the insulation is used, the area shall be 
taken as the difference betw^een the area 
of the circle whose diameter is the aver- 
age outside diameter of the insulation 
and the area of the conductor. The 
area of a stranded conductor shall be 
calculated from its maximum diameter. 

Q}) Where a slice cut from the insula- 
tion by a knife held tangent to the wire 
is used, and the slice so cut has the cross- 
section of a segment of a circle, the area 
shall be calculated as that of the segment 
of a circle whose diameter is that of the 
insulation. The height of the segment 
of the wall of insulation on the side from 
which the slice is taken. (The values 
may be obtained from a table giving the 
areas of segments of a unit circle for the 
ratio of the height of the segment to the 
diameter of the circle.) 

{c) Where the cross-section of the slice 
is not a segment of a circle, the area 
shall be calculated from a direct measure- 
ment of the volume or from the specific 
gravity and the weight of a known length 
of the specimen having a uniform cross- 
'Section,. ■■ ' 
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(d) Wtiere a . portion of a sector of a 
circle has to be taken when the conduc- 
tor is large and the insulation thin, the 
area shall be calculated as the thickness 
times the width. (This applies either to 
a straight test specimen or one stamped 
out with a die, and assumes that corruga- 
tions have been removed by buffing.) 

(e) Where a portion of a sector of a 
circle has to be taken when the conductor 
is large and the insulation thick, the area 
shall be calculated as the proportional 
part of the area of the total cross-section. 

(f) The dimensions of specimens to be 
aged shall be determined before the aging 
cycle is begun. 

Physical , Test Procedures 

6. (a) The physical properties shall be 
determined in accordance with the 
Standard Methods of Tension Testing 
of Vulcanized Rubber (A.S.T.M. Desig- 
nation: D 412) of the American Society 
for Testing Materials,^ except as speci- 
fied in the following Paragraphs (b) to (e). 

(6) The specimens to be tested shall be 
at a temperature of 20 to 28 C. 

(c) For all physical tests, specimens 
marked with gage marks 2 in. apart shall 
be placed in the jaws of the testing 
machine with a maximum distance be- 
tween jaws of 4 in. 

(d) Tensile stress shall be determined 
as that load per unit area which produces 
the elongation of the sample prescribed 
by the specifications. 

(e) The set test shall be made on a 
separate test specimen having a length 
of not less than 6 in, and marked with 
gage marks 2 in. apart. The specimen 
shall be placed in the jaws of the testing 
machine with a maximum distance be- 
tween jaws of 4 in. and shall be stretched 
at the rate of 20 in. per min. (jaw speed) 
until the gage marks are 6 in. apart. 
The test specimen shall then be released 

® Appears in this publication, see Contents in Numeric 
Sequence of A, S,T.M. Designations at front of book. 


within 5 sec. and the .distance between 
gage marks ■shall be deterniined 1: min. 
after the beginning of release.. The .set 
is :the_^ difference between this length and 
the original 2-in. gage length. 

Aging Test Procedure 

7. (a) Specimens shall be aged.Tn 
accordance with the Standard Method of 
Test for Accelerated Aging of Vulcanized 
Rubber by the Oxygen-Pressure Method 
(A.S.T.M. Designation: D 572)*^ or the 
Standard Method of Test for Accel- 
erated Aging of Vulcanized Rubber by 
the Oven Method (A.S.T.M. Designa- 
tion: D 573),^ and the Standard Method 
of Air Pressure Heat Test of Vulcanized 
Rubber (A.S.T.M. Designation: D 454)® 
of the American Society for Testing 
Materials, except as specified in the 
following Paragraphs (5) and (c). 

(b) The period of aging shall be as 
prescribed in the specifications. 

(c) In not less than 16 nor more than 
48 hr. after the completion of the aging 
process, the aged specimens shall be sub- 
jected to tensile strength and ultimate 
elongation tests in accordance with 
Section 6. Physical tests on both aged 
and unaged specimens shall be made at 
the same time. 

Retests 

8. If any specimen fails to conform to 
the values which may be specified for any 
test, either before or after aging, that 
test shall be repeated on two additional 
specimens from the same sample. 

Report 

9. The report shall include the fol- 
lowing: 

(a) Calculated values of tensile 
strength, tensile stressy ultimate elonga- 
tion, and set, 

(b) All observed and recorded data on 
which the calculations are based, 
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; ' Date of vulcanization of the rab-. 
beij if known, 

: (d) Dates :of all tests, . . 

(e) Ambient temperatures during the 
period' of physical testing, 

(/) Type of testing machine used, 

(g) Method of aging, and. 

(A) Time - of aging. 

' : Electrical Tests of Insulation 
Vdiage Tests 
Types of Voltage Tests 

10. Voltage tests shall include the 
following: 

A. Voltage Test an Entire Cable 

B. Double Voltage Test on Short 
Samples 

C. Cold- Bend, Long-Time Voltage 
Test on Short Samples 

Apparatus 

11. {a) Voltage tests shall be made 
with alternating current, except when 
direct current is specified. 

[b) For tests with a-c. voltage, there 
shall be used a transformer of such ca- 
pacity that the crest factor (ratio of 
maximum to mean effective) of the test 
voltage shall not differ by more than 
plu"^ or minus 10 per cent from that of a 
sinusoidal wave when the transformer is 
loaded with the test specimen. Voltage 
shall be measured by a tertiary coil and 
voltmeter or by an electrostatic volt- 
meter or potential transformer with suit- 
able low- voltage indicator, connected to 
the secondary, or high-voltage side of the 
test transformer. The frequency of the 
test voltage shall be nominally between 
25 and 60 cycles per second, inclusive. 

(<;) For tests with d-c. voltage there 
shall be used a battery, generator or suit- 
able rectifying equipment supplied with 
alternating current. Voltage shall be 
measured with an electrostatic volt- 
meter, or in the case of the rectifying 
equipment, with suitable low-voltage 


indicators, provided, the latter, are so 
connected that their indications are inde- 
pendent of the test load. The test recti- 
fier shall at all times be so loaded, if 
necessary by the use of additional capaci- 
tive ballast, that the d-c. ripple does not 
exceed 4 per cent. 

Application of Voltage 

12. {a) Single Conductor Cables,— 
Single conductor cables shall be tested 
between conductor and metallic sheath 
or water in which they are immersed. 

(5) Midiiple Conductor Cables,— In 
the case of multiple conductor cables, 
each conductor shall be tested against 
adjacent conductors and against the 
sheath or water. 

Rate of Voltage Application 

13. Voltage shall be increased from 
zero to the prescribed test value at a 
uniform rate of rise approximating but 
not exceeding 3 kv. per sec. 

A, Voltage Test on Entire Cable: 

Procedure 

14. Wire and cable shall be subjected 
to a-c. voltage as specified. When d-c. 
is specified, the d-c. voltage shall be 2.2 
times the required a-c. voltage. The 
duration of test shall be 5 min. Tests 
shall be made as follows: 

{a) General, — Where insulated con- 
ductors are subjected to a high voltage 
test in water they shall be immersed in a 
grounded water bath and tested while 
still immersed. 

(5) Single Conductor, — Single conduc- 
tors shall be tested after 12-hr. immer- 
sion and without covering except a tape 
or braid applied before vulcanization 
Rubber sheathed conductors shall be 
immersed and tested after the sheath is 
applied. Where a ' metallic sheath is 
applied, the conductors shall be retested 
against the sheath. 

{c) Multiple Conductor —The indi- 




k. 
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vidiial conductors of multiple conductor 
cables shall be tested before assembling 
as prescribed in Paragraph (b). After 
assembly, each conductor shall be tested 
against the adjacent conductors. Where 
a metallic sheath is applied, each con- 
ductor adjacent to the sheath shall, in 
addition, be tested against the sheath. 
Cables having a rubber or other non- 
metallic waterproof sheath shall be im- 
mersed for 12 hr. and the conductors 
tested against ground. Cables covered 
with cable tape and braid or double braid 
with a weather-resistant finish shall not 
be immersed for testing. Cables having 
a metallic armor shall be tested after the 
application of the armor at a voltage 
equal to 80 per cent of the test voltage 
before armoring. Such cables shall be 
immersed for 12 hr. prior to test only if 
for submarine use and if no lead sheath 
or shielding is applied. 

B, Double- Voltage Test on Short Samples: 
Sampling 

15. One sample, 10 ft. or more in 
length as may be required, shall be taken 
from each 10,000 ft. or fraction thereof of 
each type of cable, with a minimum of 

^ three samples. Tests upon lots of less 
than 10,000 ft. shall be made only when 
specifically requested in the purchase 
order. Samples may be taken either 
from process or from completed cable, at 
the option of the manufacturer. 

Procedure 

16. At least one-half of the total length 
of each test specimen shall be in contact 
with, the grounded terminal during the 
period of test. This part of each speci- 

' men shall be, immersed in water at room 
temperature, after the removal of any 
metallic coverings, for a period of 1 hr. 
prior to testing. At the end of this time, 
each test specimen shall be subjected for 
5 min. to a voltage equal to twice that 
specified in Section 14. 


C. Cold-Bend^ Long-Time Voltage Test 

on Short Samples: 

Sampling 

17. One 10-ft. sample shal be taken 
from each 10,000 ft. or fraction thereof 
of completed cable. Tests upon lots of 
less than 10,000 ft. shall be made only 
when specifically requested in the pur-, 
chaseorder. 

Procedure 

18. (a) Each sample shall be subjected 
to a temperature of — 10 C. for a period 
of 2 hr. Immediately at the end of this 
period, the sample shall be bent 180 deg. 
around a cylindrical mandrel and then 
straightened. It shall then be bent 
180 deg. around the mandrel in the oppo- 
site direction. The cable shall be so held 
during bending operations that it cannot 
revolve around its own axis. 

(b) The diameter of the mandrel shall 
be as follows: 

Mandrel DiameteT as a 
Multiple of Over-all 
Thickness of Cable Diameter 


Conductor In- Up to SOOjlMH) cir. 
sulation, Sixty- SOD.OIX) cir. mils and 
fourths of an inch mils Over 

10 to 12 8 10 

13 to 20 .... 10 12 

21 and over.. 12 12 


(c) Immediately following the bending 
test, the cable, while still bent, shall be 
subjected to the test voltage specified in 
Section 14 for a period of 2 hr. 

Report 

19. The report shall include the fol- 
lowing: 

(a) Type of test, 

(b) Time and place of test, 

(c) Test voltages, 

(d) Duration of each test, and 

(e) Result of each test, including loca- 
tion of any failure. 
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, Jmidation Resistance Tests^ 
Apparatus 

20. The apparatus shall consist of the 
folowing: 

{a) Sowce of FotenUaL — source of 
constant potential of from 100 to 
500 "v.. ,, and. 

{ J) Galmmmeter and Resistances . — A 
galvanometer with suitable shunts, and 
a calibrating resistance of at least 0.1 
megohm. The galvanometer should 
have a high current sensitivity. A 
sensitivity of the order of 10’® amp. 
per cm. with scale at a meter distance is 
desirable. The most convenient shunt 
is the type known as a universal shunt 
whereby the current through the gal- 
vanometer may be changed by powers of 
ten without changing its damping. 

Procedure 

21 . (a) Single conductor cables shall 
be tested between conductors and sheath 
or water in which they are immersed. 
Tests on multiple conductor cables with 
unshielded conductors shall be made 
between each conductor and all other 
conductors and the sheath or water. 
Tests on multiple conductor cables with 
shielded conductors shall be made be- 
tween each conductor and shield. The 
conductor of the wire or cable shall be 
connected to the negative terminal, and 
the sheath and other conductors, if any, 
to the positive terminal of the apparatus. 
On short sections of wire or cable, a 
guard circuit should be used to prevent 
end leakage. 

(b) The deflection of the galvanometer 
caused by passing current through the 
calibrating resistance shall be first be 
determined. The wire or cable shall 
then be connected into the circuit. At 
the end of 1 min. after closing the circuit, 
the galvanometer deflection shall again 
be noted, and the temperature of the 
wire or cable observed. 

* See Section 1. 


Calculations 

22. .Insulation resistance is commonly 
expressed in terms of a standard length. 
The insulation resistance, i?, of a' stand- 
ard length may be determ.ined as follows: 

D S I 

R - .if X - X “ X r 
d s. U 

where: 

M = calibrating resistance, 

D = deflection produced with cali- 
brating ■ resistance in circuit, 

S = shunt ratio with calibrating re- 
sistance in circuit, 

d = deflection produced with test 
specimen in circuit, 

j = shunt ratio with test specimen 
in circuit, 

I = length of entire wire or cable, 
and 

L == standard length. 

Temperature Correction 

23. The insulation resistance of wires 
and cables varies widely with tempera- 
ture. If the temperature at which the 
measurement was made differs from 
60 F. (15.6 C), the resistance shall be 
reduced to that at 60 F. (15.6 C.) by 
multiplying the measured value by the 
temperature coej05cient specified for the 
insulation in question. 

Moisture Absorption Test^ 

Procedure 

24. A 15-ft. sample of the : insulated 
wire or cable shall b6 taken after vul- 
canization and prior to the application of 
any coverings except tape applied before 
vulcanizing. Such cable tape shall be 
removed before making the moisture 
absorption test. The middle 10 ft. of 
the sample shall be immersed in distilled 
water ier a; period of 14 days with the 
2.5-ft. portion at each end kept above the 
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water as leakage insulation; The spe- 
cific inductive capacity of the insulation 
shall be determined after 1, 7, and 14 
days with the water at the same tem- 
perature , for each measurement. The 
water shall be maintained at room tem- 
.perature but not less than 70 F. (21 C.). 

Calculations 

25. The specific inductive capacity 
shall be determined at commercial fre- 
quencies or 1000 cycles and shall be cal- 
culated as follows : 

B 

Specific inductive capacity = 13,600 C logio -7 

a 

where: 

C = capacity in microfarads of 10 ft. 
of sample, 

D = diameter over the insulation, and 

d = diameter over the conductor. 

The moisture absorption test shall be 
made only when requested by the pur- 
chaser. 

Ozone Resistance Test 
P urpose 

26. The purpose of this method is to 
test the resistance of rubber insulation 
to ozone attack which may be encount- 
ered in connection with the operation 
of high-voltage cable. 

Special Solutions Required 

27. (a) Starch Indicator Solution . — 
Stir 1 g. of soluble of starch into 40 ml. of 
cold water, heat to boiling, while stirring 
constantly, until starch is thoroughly dis- 
solved, dilute with cold water to about 
200 ml,, and add 2 g. of crystallized zinc 
chloride. Let solution settle for some 
time and pour ofi for use the supernatant 
liquid.- IRenew every or 3 days. A 
fresh solution of 1 g. of soluble starch in 
100 ml. of boiling water may also be used. 
When using these starch solutions as an 
indicator, add a few drops of acetic add 


(10 per cent) to the solution being 

titrated. 

(6) Standard Iodine , .Solution . — ^Place 
in a weigh,ing tube 2 g. of. KI and .10 ml. 
of water, and weigh the tube and solu- 
tion. Add iodine directly .to the solu- 
tion in the weighing tube on .the. balance 
pan until the total iodine in solution is 
about 0.1 g. Accurately weigh' the solu- 
tion with the added iodine. Determine 
the amount of iodine added to the solu- 
tion. Remove the weighing tube, pour 
the solution into a beaker, wash the 
weighing tube held over the i)eaker with 
distilled water, pour the solution from 
the beaker into a volumetric flask, rinse 
the beaker into a lOOO-ml. volumetric 
flask with distilled water, and dilute the 
solution in the flask to 1 liter. This 
solution is fairly stable if kept in a cool, 
dark place in a well-stoppered, brown 
bottle. 

(c) Sodium Thiosulfate Solution.— Fit- 
pare a Na2S203 solution of approxi- 
mately the same strength as the standard 
iodine solution by placing about 0.24 g, 
of Na2S203*5H20 in a 1000-mL volu- 
metric flask and dilute to 1 liter. Since 
this solution gradually loses its strength, 
standardize it against the standard 
iodine solution on the day tests are run. 
The method for calculating the strength 
of the Na2S203 solution is described in 
Section 32 (^). 

{d) Potassium Iodide Solution. — Dis- 
solve about 20 g. of pure KI in 2 liters 
of water. 

{e) Acetic Acid {10 per cent). 
Apparatus 

28. {a) The apparatus shall consist of: 

(1) A device for generating a con- 
trolled amount of ozone, 

(2) A means for circulating ozonized 
air under controlled conditions of humid- 
ity and temperature through a chamber 
containing the specimens to be tested, and 

(J) A means for determining the per- 
centage of ozone concentration. 
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(6) A coBvenieEt form of apparatus is 
shown in' Fig, 1. Air flows from an air 
pump, or compressed air supply through 
a series of chambers as indicated. ^ The 
acid drier consists of two SOO-inl. gas 
washing bottles filled to 30 per cent of 
capacity with H2SO4 (sp. gr. 1.84), In 
series with this is a second drier con- 
taining anhydrous calcium chloride or 
anhydrous calcium sulfate, and a U-tube 
hygrometer containing a small quantity 
of anhydrous copper sulfate which is 
used as an indicator of moisture. The 
rate of air flow is indicated by a cali- 
brated flow meter. Ozonization of the 
air is accomplished in a generator con- 
sisting of a pair of concentric electrodes, 



the inspection’ of specimens, without 
opening the chamber, during test. Near 
the bottom of the test chamber is placed 
a filter consisting of a layer of loose 
mineral wool held between two per- 
forated grills. The ozonized air is led 
from the generator to the 'space below 
this filter. Temperature control may 
be secured by keeping apparatus in an 
air-conditioned room or by partially im- 
mersing the ' chamber in a water , bath, 
which may be connected to a hot and 
cold water system, or provided with 
electric heaters thermostatically con- 
trolled. A thermometer is inserted into 
the cover of the test chamber, with its 
bulb as near the test specimens as prac- 



Fig. 1. — Apparatus for Ozone Resistance Test. 

Note.— K the acid in the first acid drier should carry over into the second acid drier, a scrubber bottle may be in- 
serted between the two scrubber bottles. 


separated by a thin glass dielectric, be- 
tween which voltage may be applied. 
This generator may be conveniently sup- 
plied by a potential transformer, 
equipped with variable voltage control, 
of 20 to 30-kv. rating. The test cham- 
ber should be of a material not attacked 
by ozone, and should be just large 
enough to accommodate the largest 
samples which it may be desired to test. 
Excessive size results in greater delay in 
obtaining the desired ozone concentra- 
tion. A chamber 18 to 20 in. in length, 
and having a capacity of 2000 to 5000 
cu. in., will generally be required. A 
convenient form of chamber is a glass 
jar, having a full-size cover. This per- 
mits easy access to the interior, and also 


ticable. Discharge from the test cham- 
ber is accomplished by a double cock 
arrangement, one acting as a direct dis- 
charge into the outside atmosphere and 
the other, when normally closed, acting 
as a by-pass testcock, A manometer is 
inserted in the outlet pipe to indicate 
pressure in the test chamber. For 
determining ozone concentration a sam- 
pling bottle is connected to the outlet. 
Connection is made from this through a 
two-way stopcock to the top of a 500-ml. 
gas collecting burette. The bottom of 
this burette is connected by rubber 
tubing to a SOO-ml. aspirator bottle. 
The use of rubber tubing should be 
avoided for those connections carrying 
ozonized air. 
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Test Specimens ' 

29/(£j) Two specimeEs for the ozone 
test shall be selected beyond a point not 
lesS' than 5 ft. from the end of the reel 
or coil, to be tested. Where protective 
coverings are applied, ^ such coverings 
shall be removed when nonadherent to 
insulation. However, where tapes or 
sheaths are applied directly to the insula- 
tion prior to vulcanization and left in 
place during vulcanization and are con- 
sequently adherent to insulation in the 
completed cable, such coverings shall not 
be removed. 

(6) Each specimen shall be examined 
to make sure it is free from mechanical 
defects, such as cuts, dents, tears, loose 
threads, etc. One specimen shall be 
bent in the direction and plane of the 
existing curvature of the cable around a 
mandrel and through the specified angle 
in accordance with Paragraphs (c) and 
(d). The other specimen shall be bent 
similarly but in the reverse direction, 

(c) Specimens less than 1 in. in diam- 
eter shall be bent, without twisting 
at room temperature, but not less 
than 20 C., around a mandrel the 
diameter of which is not less than 
three and one-half nor more than four 
and one-half times the maximum diam- 
eter of the cable in the unbent form. 
Specimens 1 in. and larger in maximum 
diameter shall be bent around a mandrel 
the diameter of which is not less than 
five and one-half nor more than six and 
one-half times the maximum diameter 
of the cable. 

(d) The specimen shall be bent around 
a brass, aluminum, or suitably treated 
wooden mandrel of the specified diame- 
ter, as shown in Fig. 2, binding it with 
twine or tape where the ends cross. If 
the cable is too rigid to permit crossing 
of the ends it may be bent in the form of 
a U and tied so that at least an 180-deg. 
bend of the proper diameter is obtained. 

(e) The surface of the insulation on 


each specimen shal be wiped withn clean, 
cloth to remove dirt or sweat. The bent 
specimens on. their mandrels shaE the.ii 
be placed in a desiccator for 30 to- 45 
min. after bending to remove surface 
moisture and until placed in the ozone 
chamber. 

(/) The specimens on their mandrels 
shall be placed in the ozone chamber 
which has been in equilibrium operation 
for at least 45 min. prior to inserting the 



Fig. 2. — Spedmen Bent Around Mandrel for 
Ozone Resistance Test. 

specimens. Care shall be taken not to 
handle the insulation. The specimens 
shall be supported in an approximately 
vertical plane midway between the floor 
and ceiling with the free ends down to, 
but not touching, the floor. 

(g) After the required exposure, the 
specimens shall be taken out of the cham- 
ber, all coverings removed from the speci- 
mens, and the specimens examined by the 
unaided eye for cracks in the bent por- 
tion. Cracks occurring in the 180-deg. 
sector including the tie, that is, where 
the specimen is not curved to conform to 
the mandrel, shall not be considered 
failures. 

Procedure 

30. The air shall be circulated through 
the test apparatus at a constant rate of 
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flow for at least IS min. prior to bending 
of the. specimens. Tbe flow sbaU be 
between ,10 and .20 cu. ft., per hr.- as 
indicated on the flow meter. The 
manometer shall indicate a slight pres- 
sure' above atmospheric in the . test 
chamber. This pressure may be con- 
trolled by the degree of closure ,of the 
discharge cock. After the ozone has 
been generated for a few minutes, a 
check shall be made on the percentage 
of ozone concentration (Section 31). 
The voltage of the ozone generator shall 
then be regulated so as to give a con- 
centration of ozone of not less than 
0.010 nor more than 0.015 per cent by 
volume. The temperature of the air 
in the test chamber shall be regu- 
lated to 25 2 C. When constant 

test conditions are obtained, the speci- 
mens shall be inserted in the test cham- 
ber and allowed to remain for a period 
of 1 hr. 

Determination of Ozone Concentration 

31. {a) Collection of Sample , — A 100- 
ml. portion of KI solution (1 per cent), 
slightly acidulated by a few drops of 
acetic acid, shall be placed in the sam- 
pling bottle and the latter connected to 
the sampling cock and gas burette as 
shown in Fig. 1. The two-way stop- 
cock on the burette shall then be opened 
to the air and the burette filled to the 
mark with water by lifting the aspirator 
bottle. The stopcock shall be closed to 
the air and opened to the sampling 
bottle, and the sampling cock on the 
test chamber shall be opened. The 
aspirator bottle shall be lowered until 
the burette is emptied. When this point 
is reached, 500 ml. of gas will have 
bubbled through the KI solution. The 
stopcocks shall then be closed and the 
bottle withdrawn for titration. 

(5) Analysis of Sample . — The solution 
in the bottle shall have a few drops of 
freshly prepared starch solution added 


as an indicator and shall then be titrated 
with the standardized Na2S203 solution.. 

Calculations 

32., {a) Sodium Thiosulfate Solution., 
— The strength of the Na2S203 solution 
shall be calculated as follows: 

^ F X C . : 

^-“ 1 - 

where: 

E == iodine equivalence of Na2S20s 
expressed as milligrams of 
iodine per milliliter of Na2S203j 
F = ,number of milliliters of the 
iodine solution, 

C = concentration of iodine in milli- 
grams per milliliter, and 
S = number of milliliters of Na2S203 
used to titrate the solution. 
(b) Ozone. — Since i mg. of iodine is 
equivalent to O.i ml. of ozone at room 
temperature and pressure (within the 
accuracy of this method of analysis at 
average room temperature and pres- 
sure), the ozone may be calculated as 
follows : 

O-FXO.l 

where: 

0 = number of milliliters of ozone 
at room temperature and 
pressure equivalent to 1 ml. 
of Na2S203 solution used, and 
E = iodine equivalent of Na2S203 
, expressed as milligrams of 
iodine per milliliter of Na2S20s. 

then: 

6 X O 

Percentage of ozone = — - — X 100 
M 

where: 

S =, number of milliliters of ,Na2S203„ 
; used to titrate the, solution, 
0 = number of milliliters of ozone 
at room temperature and 
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pressure, equivalent to 1 ml of 
Na 2 S 203 solution used, and 

M = number of milliliters of the 
sample collected. 

Tests on Finished Wire and Cable 

Standard II oriental Flame Test 
Apparatus ; 

33. The apparatus shall consist of the 
following:, 

(а) Test Chamber —A test chamber of 
sheet metal 12 in. in width, 14 in. in 
depth, and 24 in. in height which is open 
at the top and front and provided with 
means for supporting the test specimen 
in a horizontal position. 

(б) Tirrill Burner . — A Tirrill burner 
having a bore of f in. and a length of 4 in. 
above the primary air inlets. 

(c) Watch . — A watch or clock having 
a hand that makes one complete revolu- 
tion per minute. 

(d) Gas . — A supply of ordinary illumi- 
nating gas at normal pressure. 

Procedure 

34. The test shall be made in a room 
generally free from drafts of air, but a 
ventilated hood may be used if air cur- 
rents do not affect the flame. A test 
specimen 10 in. in length shall be centered 
in a horizontal position on supports 8 in. 
apart. The height of the flame, with 
the burner vertical, shall be adjusted 
to 5 in., with an inner blue cone If in. 
in height. The burner in a vertical 
position shall then be brought up to the 
specimen so that the inner blue cone 
just touches the underside of the speci- 
men at a point midw^ay between the 
supports, in this position the flame 
shall be directed against the specimen 
for a period of 30 sec. and then removed. 
During the test, as \vell as after the 
application of the flame, observation 
shall be made to determine whether or 


not the area of , the specimen supporting 
the -flame extends outside the , area 
exposed to the flame. The , behavior and. . 
duration of the flaming of the specimen 
after the application of the test flam.e 
shall also be noted. 

Vertical Flame Test 

Apparatus 

35. The apparatus shall consist of the 

following: 

{a) A test chamber of sheet metal 
12 in. in width, 14 in. in depth, and, 24 
in. in height, open at the top, and, pro- 
vided with means for clamping the 
sample at the upper end and supporting 
it in a vertical position. 

(6) Means for adjusting the position 
of the sample. 

{c) A 4-lb. weight (for No. 8 A.w.g, 
and smaller sizes of wire) to be attached 
to the lower end of the sample to keep 
it taut. 

{d) A Tirrill burner with an attached 
pilot light, mounted on a 20-deg. angle 
block. The burner shall have a nom- 
inal bore of | in., and a length of approxi- 
mately 4 in. above the primary air 
inlets. 

(e) An adjustable steel angle (jig) 
attached to the bottom of the chamber 
to insure the correct location of the 
burner with relation to the sample. 

(/■) A supply of ordinary illuminating 
gas at normal pressure. 

(g) A watch or clock with a hand 
which makes one complete revolution 
each minute. 

Qi) Flame indicators consisting of 
strips of gummed Kraft paper, 5 mils in 
nominal thickness and | in. in width. 
The paper used for the 'indicators' is 
that known to the trade as 60-lb. stock, 
and is material substantially the same, as 
that described in Federal Specification 
for Tape; Paper, ■ Gummed , (Kraft) 
(UIKT-llla). 
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Procedtire, ' 

367 (a) The test shaE be made in a 
room generally free from drafts of air, 
but a ventilated hood may be used if' 
air currents do not . affect the flame. 
One end of a test specimen of wire ap- 
proximately 22 in. in, length shall be 
clamped in position at the upper end of 
the chamber, and the weight then 
attached to keep the specimen taut. 
A paper indicator shaU be applied to the 
specimen so that the lower edge is 10 in. 
above the point at which the inner blue 
cone of the test flame is to be applied. 
The indicator shall be wrapped once 
around the specimen, with the gummed 
side toward the conductor and the ends 
pasted evenly together and projecting 

I in. from the wire on the opposite side 
of the specimen to that to which the 
flame is to be applied. The gummed 
surface of the paper tab shaO be mois- 
tened only to the extent that will permit 
proper adhesion. The height of the 
flame with the burner vertical shall be 
idjusted to 5 in.', with an inner cone 

I I in. in height, by means of the main 
supply valve. 

(b) The burner, with only the pilot 
lighted, shaO be placed in front of the 
specimen so that the vertical plane 
through the stem of the burner includes 
the axis of the wire. The angle block 
shall rest against the jig, which shall be 
adjusted so that there is a distance of If 
in., Along the axis of the burner stem, 
between the tip of the stem and the 
surface of the specimen. The valve 
supplying the gas to the burner proper 
shall then be opened and the flame auto- 
maticaily applied to the specimen. 
This valve shaE be held open for 15 
sec. and then closed for 15 sec., and this 
process repeated four times. During 
each application of the flame, the speci- 
men shall be adjusted, if necessary, so 
that the tip of the inner blue cone 
touches the surface of the specimen. 


If more than 25 per cent of the extended 
portion of the incEcator is burned after 
the five appHcatio,iis of the flame, the 
wire shaU be considered to have con- 
veyed flame. . 

Moisiure Absorption T esi 
on Fibrous Coverings 

Apparatus 

37. The apparatus shall consist of 
a desiccator containing anhydrous cal- 
cium chloride, a set of mandrels hav- 
ing diameters as indicated in Table I, 


TABLE 1. -DIAMETER OF MANDREL FOR 
BENDING SPECIXIENS IN MOISTURE TEST. 


Size of Wire, 
A.w g. numbers 
or circular mils 

Diameter of 
Mandrel, 
in. 

Size of Wire, 
A.w.g. numbers 
or circular mils 

Diameter of 
Mandrel, 
in. 

No. 14 


450 000 cir. mils 

m 

No. 12 

*46“ 

500 000 cir. mils 


No. 10 


550 000 cir. mils 

loH 

No. 8 


600 000 cir, mils 

11 

No. 6 

m 

650 000 cir. mils 

llH 

No. 4 

iH 

700 000 cir. mils 

liH 

No. 2 1 


750 0(X) cir. mils : 

12 

No. 1 

m 

800 000 cir. mils 

n}4 

No. 0 i 

m 

850 000 cir. mils 

1214 

No. 00 

3 

900 m cir. rails 

12j^ 

No. 000 

m 

950 000 cir . mils 

UH 

No, 0000 

m 

1 000 000 cir. mils 

1314 

250 000 cir. mils 

5 % 

1 250 000 cir. mils 

17H 

3(K) 000 cir, mils 

SH 

1 500 000 cir. mils 

1814 

350 OOO cir. mils 

SH 

1 750 000 cir. mils 


400 000 cir. mils 


2 000 000 cir. mils 

2QH 


“ The values in the table apply throughout to con- 
ductors having two fibrous coverings. For Nos. 14, 12, 
10, and 8 A.w.g. conductors having one fibrous covering, 
the mandrel diameters shall be Hi %, and in., 
respectively. 

a quick-damping balance accurate to 
10 mg., and an agitated, constant- 
temperature bath of distilled water 
which can be maintained at a temper- 
ature of 21 ± 0.5 C. The bath shaE be 
either fitted with a cover to keep out 
dust, or placed ■within a tight enclosure 
during the test. If, at; any time, the 
water becomes dirty, or shows the 
presence of a surface film of dust or 
wax, it shall be replaced by fresh water. 

Procedure 

38. (a) Before cutting a test specimen 
to size, the coil or other wire to be tested 
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shall be' permitted to attain a room 
temperature of not less' than 21 C. 
Handling and flexing of wire samples- to 
be tested shall be reduced to the absolute 
minimum necessary in testings 

(b) A 24 dz i-in. specimen of wire 
shall be cut from the coil or other sample 
of wire^ and bent around a mandrel of 
the diameter indicated in Table I. For 
No. 2 A.w.g. or smaller wires, as many 
turns of the test specimen shall be made 
about the mandrel as will permit it to 
conform closely to the mandrel, with a 
2 to 2|-in. straight length of the speci- 
men at each end. Adjacent turns shall 
not touch each other, but shall be 
separated about J to | in. For wire 
sizes larger than No. 2 A.w.g., a simple 
U-turn of the specimen shall be made 
about the mandrel. 

(c) The specimen shall be removed 
from the mandrel without disturbing, 
its form, and placed in the desiccator 
over anhydrous calcium chloride at a 
room temperature of not less than 21 C. 
for at least 18 hr. It shall then be 
rem.oved from the desiccator, weighed 
to the nearest 10 mg., and the weight 
recorded as IF. 

,, (d): The specimen shall then be im- 
mersed in the distilled water bath, with 
1 =h I in. of each end of the coil or U- 
bend projecting above the surface of the 
water. After 24 hr. of immersion, the 
specimen shall be removed from the 
bath, shaken vigorously for S sec. to 
remove adherent moisture, weighed . 
again, and the weight reco.rded as Wi, 
The weighing shall be completed within 2 
min. after removal from the bath. All 
fibrous coverings other than tape shall 
then be removed from the full length of 


the specimen, and the conductor, insula- 
tion, and tape, if any, shaiibe weighe-d 
and the weight recorded as IFs. ' ■ 

■ (e) The . moisture absorption of the 
■specimen shall be expressed as a per- 
centage of the moisture absorbed by the 
fibrous covering, and shall not be cor- 
rected for the portion of the wire pro- 
jecting above the water. The -per- 
centage of absorption may be calculated 
(to 0,1 per cent) by means of the 
formula: 

Moisture absorption, per cent =» 

m X 

. if ' - IF i 

Mineral Filler Content 
Determination 

Procedure 

39 . (a) The mineral filler ' content 
shall be determined, in the following 
manner. The outer' braid together^ with 
adhering compound shall be removed 
from a 6-in. section of finished wire or 
cable. This shall be weighed and the 
weight' recorded as A, The weighed 
sample shall then be ashed and the 
weight of ash , recorded as All 
weights shall be determined to the 
nearest 0.01 g.' The percentage of 
mineral filler is obtained by dividing B 
by A and multiplying by 100. 

(b) In construction involving two or 
more over-all , braid coverings, the min- 
eral filler content of the complete braid 
covering shall be determined by ' the 
method specified above for the outer 
braid. A 6-iii. section of the completed 
braid covering from the finished wire or 
cable, together with all adhering com- 
pound, shall be used for the test. 
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A.S.T.M. Designation: D 798 - 46a T 
(Rension of Specifications D 798 - 46 T) 


Issued, 1944; Revised, 1944, Jaistuary 1946, June 1946.® 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Societ\^ at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L {a) These specifications cover cellu- 
lar rubber products of two types, 
grouped into four classifications and in- 
clude sponge rubbers, latex foam rub- 
bers, and expanded rubbers. The base 
material used in their manufacture may 
be natural rubber, reclaimed rubber, syn- 
thetic rubber, or rubber-like materials, 
alone or in combination. Ebonite cell- 
ular rubbers are not included in these 
specifications. 

(&) In case of conflict between the pro- 
visions of these general specifications and 
those of detailed specifications or meth- 
ods of test for a particular product the 
latter shall take precedence. 

Description of Terms ■ 

2. {a) Cellular Rubbers . — Cellular 
rubber products all contain cells which 
are defined as small hollow receptacles. 
The cells may either be open and inter- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-11 on Rubber and Rubber-like Mate- 
rials. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Latest revisions accepted by the Administrative Com- 
mittee on Standards, January 10, 1946, and by the Society 
at annual meeting, June, 1946. 


connecting or closed and not intercon- 
necting. 

(b) Rubber . — The term rubber is used 
to include both natural and the synthetic 
types. 

{c) Skin . — The smooth surface of the 
cellular rubber product, formed by con- 
tact with the mold or cover plates, is de- 
fined as a natural skin. On some pro- 
ducts it is desirable to add a solid rubber 
skin coating. This may be accomplished 
by applying a solid rubber coating to the 
uncured rubber and vulcanizing them 
together, or it may be applied to the 
vulcanized cellular rubber product by 
dipping or otherwise coating. The use 
to which the cellular rubber product is to 
be put determines the thickness of added 
skin required. Products subject to abra- 
sion or those which must withstand ab- 
sorption of water or gases will ordinarily 
require an added skin coating. In all 
cases there should be good adhesion be- 
tween the added skin and the cellular 
rubber itself. 

Manufacture 

3. (a) Sponge Rubbers . — -Sponge rub- 
bers are made by incorporating into the 
compound an inflating agent, such as 
116 S.. , 
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sodiiim bicarbonatCj that gives off a gas 
which expands t.he mass during the vul- 
canization process. .Sponge rubbers are 
made from slab or solid rubbers and 
are manufactured in sheet, strip, molded, 
or special shapes. Unless otherwise 
specified, sheet and strip sponge rubber 


ture of latex foam rubbers consists of a 
network. of open. or interconnecting cells. 
Latex foam rubbers are made from rub- 
ber ■ latices or liquid rubbers. ^ They are 
manufactured in sheet, strip., mokled, or 
special shapes. Latex foam rubbers 
shall have a vulcanized cellular structure 


TABLE I.-PHYSICAL REQUIREMENTS OF CELLULAR RUBBERS TYPE R, CLASS RN, NON-OIL 

RESISTANT. 

(See Section 10 for Methods of Testmg) 


Basic Requirements 

Requirements Added by Suffix Letter 

Grade 

Number 

Compression 

Deflection, 

25 per cent 
Deflection 
(Limits), psi. 

Indentation, 
25 per cent 
Deflection 
(Limits), psi.® 

Suffix A 

Suffix B 

Suffix F 

Suffix H 

Suffix L 

Oven Aged 7 
days at 158 F., 
Change from 
Original Load- 
Deflection or 
Indentation 
Values 
(Limits), 
per cent 

Compression- 
Set, 70 hr, at 
158 F., 50 per 
cent Deflection, 
max., per cent 

Change 
from ! 
Original 
Deflection, 
max., 
per cent 

Flexing ! 
Test,' ^ 
Cpnipres- 
.sion-Set, 
max.," 
per cent 

Water 
Absorption, 
max., - 
per cent 


Sponge Rubbees 


RN 10 

1 db 1 


=fc20 

IS 

25 



RN 11 

3K2±13^ 


±20 

15 

25 



RN 12 

7 ±2 


±20 

20 

25 



RN13 

11 =h 2 


±20 

25 

25 



RN 14 

IS ±2 


±20 

25 

25 



RN15 

20Hzk3H 


±20 

25 

25 




Latex Foam Riibbehs (Cored) 


RN21 

RN22 

RN 23 

RN24 

RN 25 

RN 26 

RN 27 

RN 28 


0.19 ±0.07 
0.35 ±0.09 
0.57 ± 0.13 
0.85 ± 0.15 
1.17 ±0.17 
1.53 ±0.19 
1.93 ±0.21 
2.37 ±0.23 

±20 

±20 

±20 

±20 

±20 

±20 

±20 

±20 

25 

25 

25 

25 

25 

25 

25 

25 

75 

75 

75 

75 

75 

75 

75 

75 

10 

10 

10 

10 

10 

10 

10 

10 . 


Latex Foam Rubbers (Uncored) 

RN31 


0.15 ± 0.05 

±20 

25 

75 



RN32... 


0.35 ±0.15 

±20 

25 

75 



RN33 


0.65 ±0.15 

±20 

25 

75 



RN34.. 


1.25 ±0.45 

±20 

25 

75 




Expanded Rubbers 


RN41 

ZHdzlH 





10, . 

RN42.."...... 

7 ±2 





10 

RN43 

11 ± 2 .... 





10 ^ 


“ These values calculated from those obtained using a SO-sq.-in. indentor foot. 


shall have a natural skin on botKthe top with a porous surface. The ceils shall 
and bottom surfaces. Fabric shrface be interconnecting and of a uniform 
impressions are ordinarily not objectiW,, character. Latex foam rubbers may be 
able. The coarseness of the impressions xeither cored or not, as specified. Size, 
shall be agreed upon by the parties con- shape, and distributioii of coring shall be 
cerned. at the producers option but subject to the 

(b) Latex Foam, Rubbers —The struc- approval of the purchaser. 
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TABLE n,— PHYSICAL REQUIREMENTS OF CELLULAR RUBBERS, TYPE R. CLASS RS, NON-OIL 

RESISTANT. 

(See SectioE to for Methods o! Testing) 


Basic Requiremeiits 

Requirements Added by Suffix Letters 

Grade 
, Number 

Compression 

Deflection, 

25 per cent 
Deflection, 
(Limits), psi. 

Indentation, 
25 per cent 
Deflection, 
(Limits), psi* 

Suffix A i 

Suffix B 

Suffix F 

' Suffix H 

Suffix L 

Oven Aged 7 
days at 158 F., 
Change from 
Original Load- 
Deflection or 
Indentation 
Values 
(Limits), 
per cent 

1 

I Compression- 
Set, 22 hr. at 
! 158 F., SO per 

1 cent Deflection, 
max., per cent 

Change 
From 
Original 
Deflection, 
max., 
per cent 

Flexing 
Test, 
Compres- 
sion-Set, 
max., 
per cent 

Water 
Absorption, 
max., 
per cent 


Sponge Rotbees 


RSIO 

1, ±1 


=fc20 

IS 

25 



RSll,... 



±20 

15 

25 



RS12 

7 ±2 


±20 

20 

25 



RS 13......... 

tl 2 


±20 

25 

25 



RS 14......... 

15 ±2 


±20 

25 

25 



RSIS 

20Mdh3M 


±20 

25 

25 




Latex Foam Rubbers (Cobed) 


RS 21 


0.19 ±0.07 

db20 

25 

75 

10 


RS 22 


0.35 ±0.09 

±20 

25 

75 

10 


RS 23 


0.57 ±0.13 

±20 

25 

75 

10 


RS24 


0.85 ±0.15 

±20 

25 

75 

10 


RS25 


1.17 ±0.17 

±20 

25 

75 

10 


RS 26 


1.53 ±0.19 

±20 

25 

75 

10 


RS27 


1.93 ±0.21 i 

±20 

25 

75 

10 


RS28 


2.37 ± 0.23 

±20 

25 

75 

10 



Latex Foam Robbers (Uncored) 


RS31 

RS32 

RS33 

RS 34 


0.15 ±0.05 
0,35 ±0.15 
0.65 ±0.15 
1.25 ±0.45 

±20 

±20 

±20 

±20 

25 

25 

25 

25 

75 

75 

75 

75 



Expanded Rubbers 

RS41 .....| 

3)^±1H 




' 


10 

RS42,.. I 

7 ±2 






10 

RS43 

11 ±2 






10 


® These values calculated from those obtained using a 50-sq. in. indentor foot. 


TABLE III.-PHYSICAL REQUIREMENTS OF CELLULAR RUBBERS, TYPE S, CLASS SB, OIL RESISTANT 

LOW SWELL. 

(See Section 10 for Methods of Testing) 


Basic Requirements i 

Requirements Added by Suffix Letters 





Suffix A 

Suffix B 

Suffix F 

SuflflxH., 

Suffix L 

. Grade 
Number 

Compres- 
sion Deflec- 
tion, 25 per 
cent Deflec- 
tion 

(Limits), 

psi. 

Indenta- 
tion, 25 per 
cent Deflec- 
tion 

(Limits), 

psi. 

Oil Aged 22 
hr. at 158 F., 
Change in 
Voinme, 160 
F. AP Oil 
(Limits) 

Oven Aged 7 
days at 158 F., 
Change from 
Original Load- 
Deflection or 
Indentation 
Values 
(Limits), 
per cent 

Compression- 
Set, 22 hr, at 
158 F., 50 per 
cent Deflection, 
max., per cent 

Change 
From- 
Original 
Defection 
Values, 
max., 
per cent 

1 

1 

.......Flexing 

Test, 
Compres- 
sion-Set, 
max., 
per. cent 

Water 
Absorp- 
tion, 
max., 
per cent 


Sponge Rubbers 


SB 10 

1 . ±1 


-25 to . 4^10 

±20 

IS 

50 



SBU 

3H±l« 


-25 to -f 10 

±20 

15 ^ 

SO 



SB 12 

7 ±2: 


-25 to -j-10 

±20 

20 

so 



SB 13 

11 ±'2 


-25 to ±10 

±20 

25 

so 



SB 14 

IS ±2 


-25 to +10 

±20 

25 

50 



SB 15 

203 ^ ± 3H 


-25 to +10 

±20 

25 

SO 
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(c) Expanded Rubbers, — Ciosed»cell from slab or solid rubbers and are- maau- 

rubbers .are made by subjecting the com- factored in sheet, strip,' molded, or spe- 
pound to a gas such as nitrogen under dal shapes, 
high pressure. ■ Under these conditions 

a certain amount of gas dissolves in the Cellular Rubbers 

compound.. When the pressure is low- 4. These specifications cover two types 

TABLE IV.-PHYSICAL REQUIREMENTS OF CELLULAR RUBBERS, TYPE S, CLASS SC, OIL RESISTANT, 

MEDIUM SWELL. 

(See Section 10 for Methods of Testing) 


Basic Requirements 


Requireme,nts Added by Suffix Letters 





Suffix A 

Suffix B 

Suffi.x B-1 

Suffi,x F 

Suffix H 

Compres- 
sion Deflec- 
tion, 25 per 
cent Deflec- 
tion 

(Limits), 

psi. 

Indentation, 
25 per cent 
Deflection 
(Limits), 
psi/* 

Oil Aged 22 
hr. at 158/., 
Change in 
Volume, 
(Limits) 

Oven Aged 7 
days at 158 F., 
Change from 
Original Load- 
Deflection or 
Indentation 
Values 
(Limits), 
per cent 

Compression- 
Set, 22 hr. at 
158 F., SO per 
cent Deflection, 
max., per cent 

Compres- 
sion-Set, 22 
hr. at iSS 
F.,S0 per 
cent Deflec- 
tion, max., 
per cent 

Change 
from 
Original 
Deflection 
Values, 
max-, 
per cent 

Flexing 
Test, 
Compres- 
sion-Set, 
max., 
per cent 


W.ater 
Absorp- 
tion, 
mas., 
per cent 


SC 10. 1 ±1^ 

sen. 

sc 12 . 7 ±2 

SC 13. u ±2 
SC 14. 15 =fc 2 
SC IS. 2QH 


No. 

3on^ j 

+10 

to 

+60 

+10 

to 

+60 

+10 

to 

+60 

+10 

to 

+60 

+10 

to 

+60 

+10 

to 

+60 


Sponge Rubbers 

±20 

40 

20 

50 

±20 

40 

20 

50 

±20 

40 

20 

50 

±20 

40 

20 

50 

±20 

40 

20 

50 

±20 

40 

20 

SO 


Latex Foam Rubbehs (Coxed) 




No. 2 Oil^ 




SC 21. 

0.19 ±0.07 

+10 to +50 

±20 

25 

75 10 

SC 22. 

0.3S±0.09 

+10 to +50 

±20 

25 

75 10 

SC 23. 

0.57 ±0.13 

+10 to +50 

±20 

25 

75 10 

SC 24. 

0.85 ±0.15 

+10 to +50 

±20 

25 

75 10 

SC 25. 

1.17±0.17 1 

+10 to +50 

±20 

25 

75 10 

SC 26. 

1.53 ±0.19 1 

+10 to +50 

±20 

25 

75 10 

SC 27.i 

1.93 ±0.21 

+10 to +50 

±20 

25 

75 10 

SC 28.1 

2.37 ±0.23' 

+10 to +50 

±20 

25 

75 10 


Latex Foam Rxjbbexs (Uncoxed) 





No. 2 Oil^ 





SC 31. 


0,15 ± 0.05 

+10 to +50 

±20 

25 


75 

SC 32. 


0.35 ±0.15 

+10 to +50 

±20 

25 


75 

SC 33. 


0.65 ±0.15 

+10 to +50 

±20 

2S 


75 

SC 34. 


1.25 ±0.45 

!■ 

+10 to ”“o0 

±20 

25 


75 


These values calculated from those obtained using a 50-sq. in. indentor foot. 

A See Table I, Tentative Methods of Testing Cellular Rubber Products (A.S.T.M. Designation: D 552) .» 


ered the mass expands and the product 
consists of myriads of individual non- 
connecting gas-tight cells. They may 
also be made by incorporating gas- 
■ forming ingredients in the rubber com- 
pound. Expanded rubbers are made 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


of cellular rubbers designated by' the 
prefix letters R and S, as follows: 

Type R, — Cellular rubbers made from 
natural rubber, reclaimed rubber, syn- 
thetic rubber, or rubber-like materials, 
alone or in combination, having - no 
specific requirements for resistance to the 
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action of petroleum base oils or. other 
organic fluids. .■ 

Type 6"."— Cellular rubbers made' from 
synthetic rubber or rubber-like materials 
alonej or in combination, having specific 
requirements for resistance to the action 
of petroleum-base oils or other organic 
fluids. 

Classes and Grades of Cellular Rubbers 

5, (a) Classes. — ‘Type R cellular rub- 
bers are divided into two classes desig- 
nated by the letter N and S added to the 
R prefix, and Type S into two classes de- 
signated by the letters B and C added to 
the S prefix, as follows: 

Type R: Class R N. — Cellular rubbers 
containing natural rubber hydrocarbon 
either in the form of crude or reclaimed 
rubber to the extent of 50 per cent or 
more by volume of the total elastomer 
content. No specified reqzdrement for 
oil resistance. Class RS. — Cellular rub- 
bers containing synthetic rubber or rub- 
ber-like materials to the extent of SO per 
cent or more by volume of the total 
elastomer content. No specified require- 
ments for oil resistance. 

Type S: Class SB . — Cellular 'rubbers 
made from synthetic rubber or rubber- 
like materials having oil resistance with 
low swell. Class SC. — Cellular rubbers 
made from synthetic rubber or rubber- 
like materials having oil resistance with 
medium swell 

(b) Grades.-— Esich class of cellular rub - 
bers has a number of different grades. 
The grades shall be designated by num- 
bers following prefix letters. 

Grade Numbers shall consist of two 
digits, the first of which identifies the 
kind of cellular rubbers as follows: 

1. Sponge rubbers, 

2. Latex foam rubbers, cored, 

3. Latex foam rubbers, uncored, and 

4. Expanded rubbers. 

The second digit is used to indicate the 


degree of firmness of the cellular rubbers, 
the softer grades being identified with 
the, lower numbers and the firmer grades 
being identified with the higher numbers 
(see Tables I to IV). 

Suffix Letters may be added singly or 
in combination after any grade numbers 
to indicate additional requirements be- 
yond those specified in Tables I to IV as 
basic requirements for that particular 
grade. The significance of the approved 
sufiix letters is as follows: 

Suffix Letter 

fOven aging test is required with the 

A \ values as specified in Tables I, II, 

t III, and IV. 

[Compression set test required with 

B 1 values as specified in Tables, I, 

t II, III, and IV. 

[Weather resistance required. Test 
C. . . .] to be arranged between the manu- 
[ facturer and the purchaser. 

[Grades passing the low-temperature 

F test at —40 F. with values as speci- 

t fied in Tables I, II, III, and IV. 

TT /Flexing test required with values as 
\ specified in Tables I, II, and IV. 

[Water absorption test required with 

L i values as specified in Tables I 

■ [ andlL 

Z. . . .Performance or special test required. 

Note: Example. — Grade RN 11 AF denotes 
extra soft sponge rubber containing rubber 
either in the form of natura! crude, or reclaimed 
rubber to the extent of 50 per cent or more by 
volume of the total elastomer content with a 
load deflection value of 3| db 1| psi., and 
requiring in addition to the basic tests an 
oven aging test and a low-temperature test at 
-40F. 

Material and Workmanship 

6. Cellular rubbers furnished under 
these specifications shall be manufac- 
tured from natural rubber, synthetic 
rubber, or rubber-like materials together 
with added compounding ingredients of 
such nature and quality that the finished 


Specihcatigns, for Celltoas Rubber Products (D 798 - 46a T) 1178 


product complies witli the specification 
requirements. In permitting choice in 
use of those materials by the producer, it 
is not intended to imply that the different 
rubber materials are equivalent in respect 
to all physical properties. Any special 
characteristics other than , those pre- 
scribed in these specifications .which 
. may be desired for specific applications 
shall be specified in the product specifica-- 
tions as they may influence the choice of 
the type of rubber material or other 
ingredients used. All materials and 
workmanship shall be in accordance with 
good commercial practiccj and the result- 
ing cellular rubbers shall be free from 
defects affecting serviceability. 

Color 

7. Unless otherwise specified, the color 
of cellular rubbers shall be optional with 
the. manufacturer. . 

Physical Properties 

8. The various grades of cellular rub- 
ber shall conform to the requirements as 
to physical properties prescribed in 
Tables I, II, III, and IV, together with 
any additional requirements indicated by 
suffix letters in the grade designations as 
described in Section 5. 

Sampling 

9. The sampling procedure shali con- 
form, to the . procedure described in the 
Tentative Methods of Testing Gellu.lar. 
Rubber Products (A.S.T.M. Designa- 
tion.: D 552) When the form in which the. 
material is furnished is unsuitable for the 
preparation of the test specimens re-' 
quired, the manufacturer shall furnish 
standard test specimens conforming to 
the requirements prescribed in A.S.T.M. 
Methods D 552. 

Methods of Testing " 

10. Unless specifically stated other- 
wise, all tests shall be made in accordance 
with the Tentative Methods of Testing 


CeUular . Rubber Products ..(A..S.T.M. 
Designation: D 552).® 

Tolerances on Dimensions 

11, 'Tolerances on dimensions of .cellu- 
lar., rubber products a.re given in the 
Appendix (Tables V and. VI). These, 
tolerances, are published as information, 
.for -'guidance only and shall not , be con- 
sidered as -a part of these specifications : 
for cellular rubber products.. 

Packaging and .Marking 
. 12, The material shall be properly and 
adequately. packaged. Each, package or 
container shall be legibly marked with 
the name of the material, name or trade- 
mark of the manufacturer, and any re- 
quired purchaser’s designations. 

Inspection and Rejection 

13. (a) Ail tests and - inspection >hall 
be made at the place of manufacture 
prior to shipment, unless otherwise speci- 
fied. The manufacturer shall afford the 
inspector all reasonable facilities, without 
charge, for tests and inspection. 

(J) The purchaser may make the tests 
and inspection to govern acceptance or 
rejection of the material at his own labor- 
atory or elsewhere. Such ■ tests and 
inspection shall be made at the expense 
of the purchaser, and not later than 15 
days after receipt of . the material 

, (c) All samples for testing, -provided 
■as specified in Section' 9, shall be visually 
inspected to determine compliance with 
the material, workmanship, : and color 
requirements. 

{d) Any material which, fails in one ■ 
or more of the test requirements may be 
retested at the expense of the manufac- 
-turer, ' For this purpose, two additional 
tests shali be made for the requirement in, - 
which failure occurred. Failure of either 
of the retests shall be cause for final 
rejection. 

' (e) Rejected- material shall be disposed 
of as directed by the manufacturer and 
at Ms expense, 


APPENDIX 


Tolerances ON Dimensions or Cellular Rubber Products 
The tolerances on dimensions of cellular rubber products shown in Tables V and 
VI are for guidance only and shall not be considered as part of these specifications* 

TABLE V.— TOLERANCES ON DIMENSIONS OF CELLULAR RUBBER PRODUCTS 
FOR GENERAL APPLICATIONS. 


Thickness, in. 

Dimension 1 

Tolerance 

Plus Minus 


Length and .Width, in. 


Dimension 


Tolerance ' 


Plus 


.Minus 


Sponge Rubbees 


Sheet and strip ■ 


Molded or spe- 
cial shapes. . 


H and under 

Over ^ to incl. 
Over H 

34 and under 

Over 34 to 3, incL. 


Hi 

3^ 

54 

3f« 


Hi 

3^ 

3^3 

3^6 


6 and under 

34 

34 

Over 6 to 18, incl 

34 

34 

Over 18 

H 

34 

34 and under 

Hi 

34 

CNer 34 to 3, incl. 

?4 

34 

Over 3 to 6, incl 

34 

34 

Over 6 

34 

34 


Latex Foam Rubbers 


Cored. 


Uncored. 


0 to 3, incl 
3 to 5, incl 
5 and over. 


34 to incl. 
H to incl, 
% to 1, incL. 
IM and over. 


34 

34 

% 

34 

34 

54 

34 

3i6 



54 


V4. 

k 


0 to 6, incL . . . 
6 to 12, incl. . , 
12 to 24, incl.. 
24 to 36, incl. . 
36 to 48, incl.. 
48 to 60, incl.. 
60 to 72, incl.. 
72 and over. . . 


0 to 6, incl — 
6 to 12, incl. . . 
12 to 24. incl.. 
24 to 36, incl.. 
36 to 48, inch. 
48 to 60, incl.. 
60 to 72, incl.. 
72 and over. . . 


316 

H 

H 


1 

m 


lit 

m 

m 


3la 

M 

I 

H 

M 

3<6 

i 


Expanded Rubbers 


Sheet and strip ] 


Molded or spe- 
cial shapes.. 


34 to 34» incl 


34 

6 and under 


54 

% 




Over 12 

34 to 1^9, incl 

34 

34 

6 and under 

3/2 to 134 » incl 1 . 

54 

54 

6 to 12, incl 

134 to 3, incl 

34 

34 

Over 12 


H 

H 

3 per cent 

3 per cent 


34 

Vs 

3 per cent 

3 per cent 


TABLE VI.-TOLERANCES FOR SPECIAL APPLICATIONS OF LATEX FOAM RUBBERS, SUCH AS 
AUTOMOTIVE TOPPER PADS, SPRING COVERINGS, ETC. 


Thickness, in. 




Tolerance 1 

Dimension 

Plus 

Minus 

0 to 3, incl 

54 

34 

3 to S, incl 

34 

34 

5 and over 

54 

54 

34 to 54, incl... 

H 

34 

34 to Hf 

34 

34 

,'54. to 1, incl. 

134 and over ....... ....... 

54 

34 

34 

j 

54 


Cored . 


Uncored.. 


Length and Width, in. 


Dimension 


0 to 6, inej.. 
6 to 12, incl. 
12 to 24, incl, 
24 to 36, incl. 
36 to 48, incl, 
48 to 60, incl. 
60 to 72, incl. 
72 and over . 

0 to 6, incl.. 
6 to 12, incl. 
12 to 24, incl. 
24 to 36, i acl 
36 to 48, incl. 
48 to 60, incl 
60 to 72, incl 
72 and over. . 


Tolerance 


Plus Minus 


% 

H 

134 

m 


Hi 

I 

i 

I 
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Tentative Methods of 
TESTING HARD RUBBER PRODUCTS’ 



A.S.T.M. Designation: D 530 - 44 T 

Issued, 1939; Revised, 1939, 1944.^ 


These Tentative Methods have been approved the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions lor revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) These methods are intended 
for testing hard rubber products and are 
classified for the purpose of this standard 
into three separate procedures: 

Chernical Analysis, 

Physical Tests, and 

Electrical Tests. 

(h) The term ^^hard rubber” as used 
herein shall be understood to refer to 
vulcanized rubber compositions having 
a ratio of combined sulfur to rubber 
hydrocarbon in excess of IS per cent. 

(c) It is intended that the procedures 
described in these methods shall be used 
only as required for measurement of 
specified properties. It shall not be in- 
ferred that all included tests are neces- 
sary for every product. 

{£) In case of conflict between the 
provisions of these methods and those 
of detailed specifications or methods of 
test for a particular hard rubber product, 
the: latter shall take precedence. , 

1 Under tbe standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

* Latest revision accepted by Committee E-10 on 
Standards, December 13, 1944. 


CHEMICAL ANALYSIS 
Chemical Analysis 

2, The chemical analysis of hard 
rubber shall be made in accordance with 
the complete procedure as described in 
Sections 2 to 34 and Section 47 of the 
Tentative Methods of Chemical Analysis 
of Rubber Products (A.S.T.M. Designa- 
tion: D 297) of the American Society for 
Testing Materials.® 

PHYSICAL TESTS 
Description of Terms 

3. {a) Tensile Strength,— 
strength is the tension load per unit 
cross-sectional area required to break a 
test- specimen of the type and in the 
manner described in these methods. 

(f) Elongation , — Elongation is the ex- 
tension produced by a tension load in a 
section of a test specimen between gage 
marks placed on it, expressed as a per- 
centage of the original distance between 
the marks.. Ultimate elongation is the 
elongation, at the moment of rupture. 


* Appears in this pubHcation^ see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

1175 



1176 


Tests FOE , Hard Rubber Products (D' 530 ” 44 T) 


7 , (c) ' Flexural ' , —Flexural ■ 

strength is the transverse load per unit 
cross-seetional . area required to break 
a test specimen of the type and in the 
manner described in these methods. 

(d) Impact. Resistance. — Impact re- 
sistance is the energy absorbed in break- 
ing a test specimen of the type and in 
the manner described in these methods, 
expressed in terms of foot-pounds per 
unit cross-sectional area. 

(e) Hardness. — Hardness is an arbi- 
trary measurement of the resistance to 
penetration by a ball under a dead 
weight, under the conditions of test 
specified. 

(/) Cold Flow. — Cold flow is the rela- 
tive deformation caused by the applica- 
tion of a prescribed load on the test 
specimen in the manner described in 
these methods. 

{g) Softening Point. — The softening 
point is a temperature value, indicating 
in a relative manner the resistance to 
bending under a constant load at ele- 
vated temperatures. Since hard rubber 
has no definite softening point, this is an 
arbitrary value depending upon the 
manner in which the test is conducted. 

Test Specimens 

4. {a) If a section of sufficient size is 
available, the test specimens shall be cut 
from the product to be tested. Other- 
wise the test specimens may be cut from 
an especially prepared test piece which 
has been vulcanized under the same 
conditions as The product 

(5) If the material has been calendered 
in processing, each test specimen shall 
be cut so that its longitudinal axis is in 
the direction of the calender grain, when- 
ever possible. 

{c) The test specimens shall be sawed, 
machined, filed, sanded, or ground to the 
prescribed size and shape while exer- 
cising especial care to prevent excessive 
heating and to obtain smooth surfaces 


free of nicks, , scratches, grooves, or 
ragged edges. ^ 

Measurement, Aging, and Conditioning 
.. of Specimens , 

5. (a) The thickness und width of 
each specimen shall be measured with a 
micrometer as specified in the Standard 
Methods of Test for Thickness of Solid 
Electrical Insulation ■ (A.S.T.M. Desig- 
nation: D 374) of the American Society 
for Testing Materials,^ or with a mi- 
crometer dial gage, graduated to 0.001 
in. having a presser foot 0.25 ± 0.01 
in. in diameter exerting a total force of 
3.0 ± 0.1 oz. The load shall be applied 
by a weight. 

(b) The minimum thickness and width 
shall be used in calculating the cross- 
sectional area. 

(c) Tests shall not be made until speci- 
mens have aged at least 24 hr. after 
vulcanization. At least 16 hr. but not 
more than 36 hr. shall elapse between 
the time of preparation of the specimen 
and the time of testing. The specimens 
shall be immersed in water for at least 
1 hr. at 70 ± 2 F. (21.1 ± 1 C.) before 
testing and shall be tested without 
drying. 

Temperature of Test 

6. All tests, except as otherwise speci- 
fied, shall be made at a room tempera- 
ture between 70 and 90 F. (21.1 and 
32.2 C.). 

Tensile Strength and, 

'■ Elongation 

Apparatus 

7. (a) Testing MacMne.~~~Temih 
strength and elongation shall be deter- 
mined on a power-driven apparatus of 
either the beam-weigiiing or pendulum 
type conforming to the following re- 
quirements: 

The applied tension as indicated by a 
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dial or scale shaE be . accurate within 1 
per cent. 

The indicator shall remain at the point 
of maximum load after rupture of the 
test specimen. 

■ The rate of travel of the power-actu- 
ated grip shaE be 0.4 m. per min. and 
shall be uniform at ail times. 

The testing machine used for a given 
test specimen shaE be of such capacity 
that the maximum load required to break 
the specimen shall not exceed 85 per 
cent nor be less than 15 per cent of the 
rated capacity. For the tests described 
in these methods, a machine of 1000-lb. 
maximum capacity will be satisfactory. 

(b) Grips . — The grips which hold the 
specimen in the testing machine may be 
of a wedge type which tighten auto- 
matically and exert a uniform pressure 
across the gripping surface proportional 
to the applied tension, or of the type 
which may be tightened by screw pres- 
sure by hand. The gripping surfaces 
shall be knurled to prevent slippage of 
the test specimen. 

Calibration of Testing Machine 

8. The testing machine shall be cali- 
brated by dead weights appEed in an 
ascending order while the machine is 
otherwise arranged in an entirely similar 
manner to that used when testing 
material. In. each case when an addi- 
tional calibrating weight is added, the 
weight lever of the machine shall be 
moved to zero position and allowed to 
swing slowly upwards to the point where 
it will go no further. The dial of the 
machine should then correctly indicate 
the amount of the weight applied. 

Test Specimen 

9. (a) The standard specimen shaE 
conform in shape to Fig. 1, although a 
variation in width of plus 0.005 in. or 
minus 0.025 in. shall be permitted. 
The variation in width of an individual 


specimen shall be not greater than 0.005 
in. The thickness shall be 0.125 

0.005 in. 

(b) Two parallel gage lines 3 in. apart, 
for use in determining, elongation, shall 
be scratched on the reduced section of. 
the specimen . by means, of , a sharp 
pointed instrument such as a pair of: 
dividers. The lines shall be perpendicu- 
lar to the longitudinal axis of .the speci- 
men, one on each side of the center and 
1.5 in. therefrom. The marks shall- be 
as fine as possible, consistent with legi- 
bility, and shall not be deep enough to 
cause a weakening of the specimen. 



^-2yacf. 

Fig. 1. — Tension Test Specimen. 

Number of Specimens 

10. Three specimens per sample shall 
be tested for determination of tensile 
strength and elongation. Results on 
specimens which break outside of the 
straight reduced section or on specimens 
which are obviously defective shall be 
discarded and retests shall be made. 

Procedure 

11. The test specimen shall be placed 
in the grips using care to adjust it sym- 
metrically in order that the tension shall 
be distributed uniformly over the cross- 
section. Tension load shall be ap-plied 
to the specimen by the power-actuated 
grip which shall travel at the specified 
rate of speed until rupture takes place. 
During the load application, the dis- 
tance between the gage . marks on . the 
specimen shall be noted continuously by 
m.eans of dividers, so that the distance 
at the instant of rupture may be deter- 
mined within 0,01 in. This value shall 
be recorded for use in calculating the 
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ultimate ■ elongation. After rupture of 
the ' specimeiij the breaking load in 
pounds 'shaE be noted from the scale 
and recorded together with 'the original 
mmimuin width and thickness of the 
specimen so that the tensile strength 
■may be calculated. 

Calculations 

12. (a) Tensile strength shall be cal- 
culated by dividing the maximum load 
in pounds by the original area of cross- 
section of the test specimen in square 
inches and shall be expressed in pounds 
per square inch. 

(b) Ultimate elongation shaU be cal- 
culated by subtracting the original 
distance between gage marks in inches 
(3 in.) from the total distance between 
the marks at the time of rupture as 
measured in Section 11, and expressing 
this difierence as a percentage of the 
original distance, as foUows: 


where: 

E == ultimate elongation in per cent, 
and 

d = distance between gage marks on 
the specimen at the time of 
rupture. 

Report 

13. The report shall include the 
foEowing: 

(a) The results calculated in accord- 
ance with Section 12, 

(J) AU observed and recorded data on 
which the calculations are based, 

(c) The date of vulcanization, if 
known, 

(d) The temperature of the test room, 

(e) The type of test machine used, and 
(/) The date of test. 


Feexurat .Strength 
Apparatus 

14. (u) Testing Machine . — The test- 
ing machine shall be of the type de- 
scribed in Section 7 and shall meet the 
requirements there specified. 

(J) Bearings . — ^The flexing apparatus 
shall consist of two hard-metal supports 
and one pressure piece.. The distance 
between the points of support shaE' be 
fixed at 3 in. The supports and pres- 
sure piece shall have bearing edges 
rounded to a radius of not less than 0.125 
in. and not more than O.S in. and shall 
be wider than the width of the test 
specimen. The supports and bearing 
piece shall be mounted in the testing 
machine so that all edges of the pieces 
are parallel. 

{c) Scale . — Either an extensometer or 
a dial scale graduated to 0.01 in. may be 
used to read the deflection. 

Test Specimen 

15. The specimen shaE be 4.75 in. in 
length by 0.875 in. in width by 0.1875 
in. in thickness, although a variation 
in width and thickness of plus 0.005 in. 
and minus 0.025 in. shall be permitted. 
The variation in width and thickness of 
an individual specimen shaE not be 
greater than 0.005 in. 

Number of Specimens 

16. Three specimens per sample shaE 
be tested. Results on specimens which 
are obviously defective shall be dis- 
carded and retests shall be made. 

Procedure 

17. The test specimen shall be cen- 
tered with the wide face on the supports. 
The load shall be appHed' perpendicularly 
to the specimen and midway between 
the supports, until failure. During this 
period the load and . deflection shall be 
noted continuously so that the load in 
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pounds and deflection in inches are 
known at the time of rupture. 

Calculation 

18. The maximum fiber stress in 
pounds per square inch shall be calcu- 
lated from the following formula: 



where: 

■ 5 = maximum fiber stress, 

P = load at rupture in pounds, 

I == distance between points of sup- 
port in inches, 

h == width of specimen as tested in 
inches, and 

d = depth of specimen as tested in 
inches. 

Report 

19. The report shall include the fol- 
lowing: 

{a) The thickness and width of each 
specimen, 

{h) The load on each specimen in 
pounds at the time of failure, 

(c) The maximum fiber stress, 

{d) The maximum deflection at the 
center in hundredths of an inch, 

(e) The date of vulcanization, if 
known, 

(/) The temperature of the test room, 
(g) The type of test machine used, and 
{h) The date of test. 

Impact Resistance 
Procedure 

20. The impact resistance shall be de- 
termined in accordance with the Tenta- 
tive Methods of Test for Impact Re- 
sistance of Plastics and Electrical In- 
sulating Materials (A.S.T.M. Designa- 
tion: D 256) of the American Society for 
Testing Materials® with the following ex- 
ceptions: 

(a) The test specimens may be cut 


from the product if the product is of 

suflicient size. 

{b) Conditioning of the, test .speci- 
mens as prescribed in Sections 4 and 9 
of Methods D 256 is not required. 

■(^) The temperature of the test .room 
shall also be reported. 

Hardness 

Mature of Test 

21. In the Rockwell test, although the 
value given on the dial depends on the 
actual depth of penetration, the hard-, 
ness figure is a measurement of the 
vertical motion of the plunger rod which 
carries the penetrator as that plunger 
rod moves up and down in the head of 
the machine. This makes the depth 
measurement quite independent of the 
behavior of the surface in the vicinity of 
the penetration. Another important 
feature is that the dial gage is not set 
to zero when the penetrator first meets 
the surface of the material to be tested. 
Instead there is applied a load of 10 kg. 
called the minor load, which is applied 
before the dial gage is set for zero. This 
means that the Rockwell hardness num- 
ber, instead of being based upon the total 
depth of penetration, is based upon the 
increment of depth, due to increment of 
load from minor load to major load. 

Apparatus 

22. The Rockwell hardness tester 
shall conform to the requirements for 
the apparatus prescribed in the Standard 
Methods of Test for Rockwell Hardness 
and Rockwell Superficial Hardness of 
Metallic Materials (A.S.T.M. Desig- 
nation: E 18) of the American Society 
for Testing Materials,^ with the excep- 
tion that a 60-kg. major load shall be 
applied to the specimen using a /f-in. 
ball penetrator. 
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Test Specimen'. ■' 

23. The specimen shall ' have a mini- 
mum- thickness of 0.125, in. 

■Procedure 

24. (a^) The test specimen shall be 
placed on the anvil selected to provide 
the best balance of the specimen. The 
specimen shall be supported in such a 
manner as to prevent errors due to over- 
hang; when it does not balance itself on 
the anvil. For small flat specimens or 
fiat specimens that can be readily bal- 
anced the 0.125-in. spot anvil shall be 
used; for larger fiat specimens the 3-m. 
(or larger) flat anvil shall be used. For 
specimens in rod or tube form (Note 1) 
a V-shaped anvil shall be used and in 
the case of tubing a supporting mandrel 
shall be inserted in the hole so as to pre- 
vent error due to springing under the 
major load. 

Note 1. — The hardness values of rod and 
tubing determined in accordance with Section 
24 (a) are only relative for control purposes and 
<:an not be correlated in terms of a standard 
hardness value obtained on flat specimens. 

(5) The 10-kg. minor load shall be 
applied by raising the pedestal until the 
small pointer is at the red dot (on the 
face of the dial) and the indicator needle 
is in a vertical position. The scale shall 
be turned so that the needle is at B30 
on the red scale. The indicator needle 
may be stopped within five divisions on 
either side of the vertical position and 
the scale shall be adjusted to bring the 
zero point in position with the needle. 

(c) The major load shall be applied 
(Note 2) immediately and maintained for 
15 sec,, at which time the travel of the 
needle in scale divisions shall be read. 
The major load shall then be removed 
and IS sec. later, the recovery, or travel 
of the needle in the reverse direction, 
shall be read. These readings shall be 
recorded as the Rockwell penetration and 
Rockwell recover}^" values, respectively 
(Notes 3 and 4). 


Note 2. — Care shal be taken that the test Is 
not made so near the edge of the specimen that 
it will spread or break out when the major 
load is applied. 

Note 3. — This method' is not applicable to 
semi-hard materials of which the Rockwell pen- 
etration value is over 200. 

Note 4. — The HR Rockwell hardness num- 
ber, formerly used, is equal to the Rockwell 
recovery value plus 130 minus the Rockwell 
penetration value. 

Report 

25. The report shall include the fol- 
lowing: 

(1) The Rockwell penetration value 
after 15 sec. under major load, 

(2) The Rockwell recovery value 
taken 15 sec. after removal of major 
load, 

(3) The thickness of the specimen, 

(4) The room temperature, 

(5) The date of vulcanization, if 
known, and 

(6) The date of test. 

Cold Flow 
Nature of Test 

26. Cold flow as measured by this 
method is a determination of the change 
in thickness, expressed as a percentage of 
the original thickness, caused by the 
application of a known load at a specified 
temperature for a definite time. The 
apparatus used consists essentially of a 
lever arrangement capable of producing 
a relatively heavy loading on a stand- 
ard size test specimen. 

Apparatus 

27. (a) The testing machine shall be 
constructed substantially as shown in 
Fig. 2. The ratio of the lever shall be 
10 to 1. The machine shall be capable 
of producing a load of 1000 lb. on tbe 
test specimen. 

(6) The testing machine shall be 
mounted in a chamber in which the 
temperature may be maintained at 120 
1 F. (48.9 ± 0.5 
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Test Specimen 

■28, The test specimen shall be in the 
form of a O.S-iii. cube or a pile-up of 
O.S-in. S'quares if the material is less 
than 0.3 in. in thickness. The per- 
missible varmtions in dimensions, ex- 
cepting thickness, shall not exceed plus 
or minus 0.005 in. 

Number of Specimeiis 

29. Two test specimens shall be tested. 

Procedure 

30. The test specimen shall be placed 
on the anvil of the machine without 


SoFTEKiNG' Point . 

Apparatus''^® 

32. The testing machine shall be, the 
same as that used for the distortion 
under heat test as described in the Tenta- 
tive Method of Test for Heat Distortion 
Temperature of Plastics (A.S.T^M. 
Designation: D 648) of the American 
Society for Testing Materials.^ 

Test Specimen 

■ 33. The test specimen shah be 4.75' 
in. in length, 0.5 in. in width and 0.1875 
in. in thickness.' A' variation .of plus or 



previous heating and the thickness read 
from the dial gage at the time the load 
is applied. The thickness shall be read 
again after subjecting the test specimen 
to a load of 1000 lb. for 24 hr., at 120 F. 
(48.9 C.). The difference in thickness, 
expressed as a percentage of the original 
thickness, shall be reported as cold flow. 

Report 

31. The report shall include the fol- 
lowing: 

(u) The cold flow expressed in per cent, 

(b) The original thickness, 

(c) The date of vulcanization, if 
known, and 

(d) The date of test. 


minus 0.005 in. shall be permitted in the 
width and thickness. 

Number of Specimens 

34. Two test specimens shall be tested 
and the average values shall be used in 
determining the softening point. 

Procedure 

35. The apparatus shall be at room 
temperature when the test is started. 
The test specimen shall be placed on the 
supports and. the load applied. . After 
the gage has come to rest it shall be reset 
to zero. The heat shall then be applied 
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to increase tlae temperature gradually at' 
a rate of 3.5 F. (2 C.) per min. The 
temperature shall be recorded for each 
deflection of O.OIS in. The tests shall 
be ' continued until the deflection in- 
creases so rapidly that it is difficult to 
read the corresponding temperature. A 
curve shall then be plotted of deflection 
temperature and a tangent shall 
be drawn to the linear portion of the 
curve. The sof tening point shall be the 
temperature indicated by the intersec- 
tion of the tangent and the temperature 
axis. 

Note. — ^T his test is designed particularly 
for hard, heat-resistant rubber compounds and 
is not suitable for semihard compounds. 

Report 

36. The report shall include the fol- 
lowing: 

(а) The softening point, 

(б) The date of vulcanization, if 
known, and 

(c) The date of test. 

ELECTRICAL TESTS 
Dieleetric Strength 

37. The dielectric strength of hard 
rubber shall be determined in accordance 
with the Standard Methods of Test for 
Dielectric Strength of Electrical Insulat- 
ing Materials at Commercial Power Fre- 
quencies (A.S.T.M. Designation: D 149) 
of the American Society for Testing 
Materials.® 



Power Factor 

38. The power factor of hard rubber 
shall be determined in accordance with 
the Tentative Methods of Test for Power 
Factor and Dielectric ^ Constant of Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 150) of the American 
Society for Testing Materials.® 

Surface and Volume Resistivity 

39. The surface and volume, resistiv- 
ity of hard rubber shall be determined 
in accordance with Standard Methods 
of Test for Insulation Resistance of Elec- 
trical Insulating Materials (A.S.T.M. 
Designation: D 257) of the Ameri- 
can Society for Testing Materials,® 
except that the use of tin foil, sputtered 
tin, or coUoidal graphite electrodes as 
well as the specified mercury electrodes 
shall be permitted. Tin foil electrodes 
which may be used for volume resistivity 
measurements are described in Section 
13 (a) of Methods D 150. The guard 
ring may be omitted provided the dis- 
tance over the surface between electrodes 
is sufficiently great to reduce surface 
leakage to a negligible value. For surface 
resistivity measurements the space be- 
tween the center electrode and the ring 
surrounding it shall be increased to a 
reasonable value such as 0.25 in. Sput- 
tered tin or coUoidal graphite electrodes 
for volume or surface resistivity measure- 
ments shall have the same dimensions 
and shape as the corresponding mercury 
or tin foil electrodes. 


Tentative Methods of 

TESTING ASPHALT COMPOSITION BATTERY 
CONTAINERS! 



Designation: D 639 - 46 T 
Issued, 1941; Revised, 1943, 1946.® 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa.. 


Scope 

1. {a) These methods are intended 
for use in testing battery containers 
made of asphalt compositions, as dis- 
tinguished from those made of hard 
rubber. 

(5) Although the procedures described 
in these methods have been prepared 
expressly for the testing of asphalt 
composition containers, it is not to be 
inferred that no other tests are appli- 
cable, since tests such as dielectric 
strength, specific gravity, ash, etc., 
apply to such compositions as well as 
to hard rubber. 

CHEMICAL ANALYSIS 

Note.-— T he development of methods for the 
chemical analysis of these compositions has been 
restricted to the determination of soluble manga- 
nese and iron, since excessive amounts of these 
elements, each of which is usually found in 
small proportions, are injurious to the perform- 
ance of a battery. 


1 Under the standardization procedure of the Society," 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-li on Rubber and Rubber-Like Materials. 

* Latest revision accepted by the Society at annual 
meeting, June, 1946. . 


Preparation of Sample 

2. The sample shall be prepared by 
taking pieces from various parts of the 
container and separating from them 
any foreign matter. Surface coatings, 
in particular, shall be scraped off before 
there is further division of the pieces. 
These pieces, preferably, shall then be 
mounted in a shaper machine and cuts 
made by feeding the tool at 0.01 in. 
per stroke to a depth of approximately 
I in. In lieu of a shaper, borings may 
be taken with a |-in. drill at a rate *of 
feed that will give a sample approxi- 
mately 0.01 in. in thickness and frag- 
ments that approximate in size those 
obtained with a shaper. Oil shaE not 
be used on the cutting tools. If water 
is used as a lubricant, the material shall 
be dried before it is weighed. Thorough 
blending of the sample shall be carried 
out before proceeding with the analysis. 

Preparation of Acid Extract of Sample . 

3. Place 20 g. of the sample in a 
500-inl. Erlenmeyer flask provided with 
a reflux condenser, and boil with 300 ml. 
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of H2SO4 (sp. grvl.30) for 2 hr. (Note) 
Filter off, the insoluble, matter on'a,-24-cm. 
\^^atmaii No. 2 filter paper or equivalent, 
by: means of suction, and wash with hot 
distilled Avater until all soluble sulfates 
are removed. Cool the' filtrate and 
washings to room temperaturej transfer 
to a 500-:iiiL volumetric flask, and dilute 
to volume. '■ 

Note.— I n order to effectively remove. all 
soluble iron and manganese, it is necessary to 
wet the entire sample with acid before refluxing. 

Manganese BY Tim Persulfate . 

Method 

Reagent 

4. Standard Sodium Arsenite Solu- 
tion. — ^Dissolve, by heating, 10 g. of 
c.p. AS2O3 in 100 mi. of water contain- 
ing 30 g. of c.p. Na2C03. Cool and 
dilute to 1 liter. Dilute 125 mi. of this 
solution to 2 1. Standardize the solution 
against 0.1 iV KMn04. 

Procedure 

5. (a) Pipette a 250-mL aliquot of the 
acid extract (Section 3) into a 400-mi. 
Griffin beaker. Add 10 ml. of HNO 3 
(sp. gr. 1.42) and heat to dense white 
fumes. CqoI, add 2 to 3 ml. of HNO 3 
(sp. gr. 1.42), and again heat to dense 
white fumes. Repeat this treatment 
until further addition of HNO 3 and heat- 
ing do not produce further change in 
the appearance of the solution. 

(6) Cool, add 20 to 25 ml of AgNOa 
(3 g. per L), and dilute to 100 ml Heat 
to boiling, slowly add 2 g. of solid crystal- 
line (NH4)2S208, and stir after each 
addition. Cool to 25 C., and add 5 ml. 
of NaCi (2 g. per L). Do not filter the 
AgCi precipitate from the solution, so as 
to avoid any possible reduction from the 
fully developed permanganate color. 
Titrate the solution (Note) with standard 
sodium arsenite solution (Section 4) until 
the pink color has completely dis- 
appeared. For samples containing less 


than 0.0CXX}3 g. of manganese, titrate the 
solution with 0.005 N Na2HAs03 (Note). 

,NoTE.“-In view of the small volumes of 
standard solution required in this determina- 
tion, it is desirable to use a microburette. 

(ij) Calculation . — Calculate the, per- 
centage of manganese as follows: 

AB 

. 'Manganese, per cent = , X 100, 
where: 

A = milliliters of Na2HAs03 solution 
required to titrate the sample, 
B = manganese equivalent of 
Na2HAs03 solution, and 
W = weight in grams of sample in 
aliquot. 

Manganese by the Periodate 
(Alternatito Method) 

Apparatus 

6. Colorimeter. — A photocolorimeter, 
Duboscq colorimeter, or Nessler tubes 
may be used for the color comparison. 

Reagents 

7. {a) Phosphoric Acid {85 per cent), 

{h) Sulfimc Acid - Potassium Perio- 
date Solution, — Prepare a freshly-boiled 
solution containing 8 per cent of H2SO4 
and 1 per cent of KIO4. 

{c) Colorimetric Standards for Man- 
ganese, — Prepare color standards of 
known permanganate content by treating 
definite amounts of a pure manganese 
salt in the same manner as described for 
the aliquot portion of the acid extract in 
Section 8. The color standards shall be 
freshly prepared for each test, except 
w^hen a calibration curve has been estab- 
lished on a reliable photocolorimeter. 

Procedure , 

8. {a) Treat a 100-ml. aliquot of the 
acid extract (Section 3) as described in 
Section 5 (a). Cool the solution, dilute 
to 40 ml, and add 2 to 3 ml. of H3PO4 
(85 per cent), 5 ml of HNO3 (sp. gr* 
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L42), and 0.5 g. of KIO 4 , ^ , Boil the solu- 
tion gently until the permanganate color 
is fully developed (about 5 min.). -If the 
color shows any tendency to fade, add 
0.5 g. of KIO 4 , and boil again. 

(b) Cool the solution and transfer to a 
50-mL colorimeter tube.' Dilute to 50 
ml. with the freshly-boiled H2SO4 - 
KIO4 solution, ■ and compare with the 
series of color standards of known per- 
manganate content. Because of the 
great sensitivity of permanganate to 
reduction, all mixing should be done 
without contact with hands, rubber 
stoppers, or other reducing agents. 

(c) Calculation . — Calculate the per- 
centage of manganese as follows: 

S 

Manganese, per cent = X 100 
W 

where: 

S == manganese content in 50 ml. of 
matching color standard, and 
W = weight in grams of sample in 
aliquot. 

Iron 

Apparatus 

9. Colorimeter. — K Nessler tube or 
other suitable colorimeter may be used 
for the color comparison. 

Reagents 

10. Standard Iron Solution {1 niL = 
0.0001 g. .““Dissolve while heating 
exactly 0.1 g. of standardization grade 
iron wire in 300 ml. of H2SO4 (sp. gr. 
1.30). Oxidize the iron by adding 5 ml. 
of bromine water, and boil off the excess 
bromine. Cool, and dilute in a volu- 
metric j3ask to exactly 1 liter. 

Procedure 

11. (a) Pipette a 250-mL aliquot of 
the add extract (Section 3) into a 400- 
ml. Griffin beaker (Note). Add 2 ml. of 
HNO3 (sp. gr. 1.42). Heat to boiling 
and allow to cool. Precipitate the iron 
with NH4OH (sp. gr. 0.90), adding 


5 ml. in excess. to coagulate -the 

Fe(OH)3. Filter and : wash .with . hot. 
NH4CI (20 g. per L), discarding the fil- 
trate. Redissoive.' the, precipitated iron 
from the paper with 50 ml. of , H2SO4 
(sp. gr. 1.20), collecting the filtrate in a... 
ioO-mi. volumetric flask. Dilute .to. 200 „ 
ml. with distilled water. 

(b) Pipette a' 20-ml. a,liquot, .into a 
lOO-ml. . colorimetric tube. Add 5 ml. of 
NH4CNS (40 g. per L). Dilute to 100 
ml. with water, and mix. 

(c) Blank. — Make a blank deter- 
mination following the same procedure, 
using the same amount of diluted acid 
as used in the aliquot sample. Titrate 
the blank with standard iron solution 
(1 ml. = 0.0001 g. Fe), adding it drop 
by drop and mixing thoroughly after 
each addition until the depth of color of 
the blank and sample tubes match. 

Note. — If tke iron content of tke aliquot 
is too high (more than 0.010 g.) the size of the 
sample for determination shall be reduced ac- 
cordingly. 

{d) Calculation. — Calculate the per- 
centage of iron as follows: 

D 

Iron, per cent = X 0.01 
W 

where: 

D = milliliters of standard iron solu- 
tion, and 

W = weight in grams of sample in 
aliquot. 

Note.- — ^The above method for the deter- 
mination of iron is to be used only when traces 
of iron are present. If larger quantities are 
found, the method described in Section S of 
the Standard Methods of Chemical Analysis of 
Limestone, Quicklime, and Hydrated Lime 
(A.S.T.M. Designation: C25) of the American 
Society for Testing Materials® shall be used. ; 

PHYSICAL TESTS ' 

Sampling 

12. The physical tests described in 
these methods shall be made on contain- 

*1946 Book 0 IA.S.T.M. Standards, Part II. 


il86' 


li^STS tot AsPHAI,T:3aTTEEY CONIM 639 - 46 T) 


ers or parts of , containers which have not 
been subjected to other tests or. condi- 
tions which might affect the test results, 
A nuniinum of three containers wiE be 
■ requiredg one -for the bulge test, one for 
the hot-cold cycle, and one for the tensile 
strength and add absorption tests. 

Tensile Steength and Elongation 
Apparatus 

13. (e) Testing Machine. — ^Tensile 
strength and elongation shall be de- 
termined on a power-driven apparatus of 
either the beam-weighing or pendulum 
type conforming to the following require- 
ments: 

(1) The applied tension as indicated 
by the dial or scale shall be accurate 
within 1 per cent. 

(2) The indicator shall remain at the 
point of maximum load after rupture 
of the test specimen. 

(3) The rate of travel of the power 
actuated grip shall be such that the 
average rate of load application shall 
be not more than 3.1 nor less than 2.9 
lb. per sec. when measured with a non- 
extensible steel bar locked in the grips. 

(4) Testing machines with a maxi- 
mum capacity of 500 to 1500 lb. may 
be used to meet the conditions outlined 
above. 

Note. — ^T o establish a specification standard, 
it is advisable to specify the type of testing ma- 
chine which is to be used to give the required 
tensile strength and elongation . 

Qi) Grips. — The grips shall be as 
described in Section 7 {b) of the Tenta- 
tive Methods of Testing Hard Rubber 
Products (A.S,T.M. Designation: 
D530).^ , 

Galibration of Testing Machine 

14. The testing machine shall be 
calibrated as described in Section 8 of 
the Tentative Methods of Testing Hard 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book; 


Rubber Products, (A.S.T.M. ..Designa- 
tion: D 530),^ 

Test Specimen 

15, ia) Test specimens shall be cut in 
the vertical diiection by a band saw or 
similar means from the partitions of the 
container and shall be taken at least 
1 in. from the top , of the partition. 
The standard specimen shall conform in 
shape to Fig. 1, although a variation in. 

I 

i 





Fig. 1. — Standard Tension Test Specimen. 

width of plus 0.005 or minus 0.025 in. 
shall be permitted. The variation in 
width of an individual specimen shall 
not be greater than 0.005 in. The 
specimens shall be tested without grind- 
ing the top and bottom faces; only the 
contour shall be cut to suitable template 
dimensions. 

{h) Certain iypts of containers have 
partitions that are grooved in such a 
way that a standard tension test speci- 
men cannot be cut from them. In such 
cases, the specimen used in testing hard 
rubber as shown in Fig. 2 or a similar 



Fig. 2, — Alternative Tension Test Specimen. 


specimen may be used. The size and 
shape of the specimen shall be included 
in the report. 

Note.— -The fact that results obtained from 
testing specimens which are not of the standard 
size and shape are not comparable should be 
noted and agreed upon by the purchaser and 
the manufacturer. 
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, (c) Two parallel gage lines 3 in. apart, 
for use in determining, elongation, shall 
be scratched on,, the reduced section of 
the , specimen by means of a sharp- 
pointed instrument' such as a pair of 
dividers. The lines shall be perpendicu- 
lar to the longitudinal axis of the 
specimen, one on each side of the center 
and' 1.5 in. therefrom. ■ The marks shall 
be as fine as possible, consistent with 
legibility, and shall not be deep enough 
to cause a weakening of the specimen. 
If it becomes necessary to use a shorter 
test specimen (see Paragraph (&)), the 
gage lines shall be brought nearer 
together and the calculation for per- 
centage elongation changed accordingly. 

(d) The measurement, aging, and con- 
ditioning of the specimens and the 
temperature of test shall conform to the 
requirements prescribed in Sections 5 
and 6 of the Tentative Methods of 
Testing Hard Rubber Products (A.S. 
T.M. Designation: D 530) of the Ameri- 
can Society for Testing Materials.^ 

Humber of Specimens 

16. Five specimens from each sample 
shaU be tested for determination of 
tensile strength and elongation. Re- 
sults on specimens that break outside 
the straight reduced section or on 
specimens that are obviously defective 
shall be discarded and retests shall be 
made. Such retests may, however, be 
omitted if the test results conform to 
the specification requirements. For rou- 
tine testing, three specimens have usually 
been found adequate. 

Procedure 

17. The test specimen shall be placed 
in the grips, using care to adjust it 
symmetricaly in order that the tension 
sbaU be distributed uniformly over the 
cross-section. A tension load shall be 
applied to the specimen by the power- 
actuated grip, which shall travel at the 


specified rate of speed until rupture takes 
place. During the application .of, the 
load the distance between the gage: 
marks on the specimen shall be noted 
continuously by means of dividers so 
that the distance at the instant of rup- 
ture may be determined within ,0.01 in. 
(Note). This value shall be recorded 
for use in calculating the ultimate 
elongation. After rupture of the speci- 
men, the breaking load in pounds shall be 
read and recorded together with the 
original minimum width and thickness 
of the specimen so that the tensile 
strength may be calculated. 

Note. — ^The measurement of elongation by 
means of an extensometer is not to be recom- 
mended unless the extensometer action is inde- 
pendent of the movement of the testing machine 
and unless the breaking strength is unaffected 
by reason of the attachment of the exten- 
someter to the test specimen. For control 
purposes, such instruments may be found to be 
very acceptable. 

Calculatioas " 

18 . The tensile strength and elonga- 
tion shall be calculated in accordance 
with Section 12 of the Tentative Meth- 
ods of Testing Hard Rubber Products 
(A.S.T.M. Designation: D 530) of the 
American Society for Testing Materials.^ 

Report 

19 . The report shall include the fol- 
lowing: 

(i) Date of test, 

(3) Temperature of test room, 

(J) T3rpe of testing machine, 

{4) Description of sample and type 
of test specimen, 

(5) The observed and recorded 
data, and 

(6) The results calculated in accord- 
ance with Section 18. 

Bulge Test.'' 

Nature of Test 

20 . The purpose of this test is to 
measure the tendency of a battery 
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coiitainei:, to soften and bulge due to tlie 
heat generated when it is in service.. 

Apparatus' ^ 

■ 21., The apparatus sliail. consist of the 
folowing; 

,' (a)' Electrical Equipment . — ^Means for 
passing an electric current through the 
cells of the container, when filled with an 
^ electrolyte. 

(b) Temper ahm Control. — k control 
for maintaining constant temperature 
of the electrolyte during test. 

(c) Measuring D&oice.—k device for 


connections to provide for the. passing 
of ,' a continuous ,current. 'After the, 
initial cooling „ when the electrolyte is 
placed in the container, the temperature 
shall be raised to 160 ± 2 F. by means 
' of an electric current „arid, . that tem- 
perature maintained by suitable electri-. 
cal control for a period of .3, hr. 

{c) After the container and acid have 
cooled to the temperature of the. I'oom,' 
which should be maintained at 75 ± 5 F., 
the width and length shall be measured 
again and the changes recorded. 



Time , hr. 

Fig. 3. — Hot-Cold Cycle for Sensitivity Test. 


measuring the length and width of the 
container. 

Procedure 

22. (a) The width and length of the 
battery container from the middle point 
of opposite panels siiall be measured to 
the nearest in. Each cell of the 
container shall be filled to a . point 
approximately f in. from the top with 
w^ater to which sufficient sulfuric acid 
has been added to give a specific gravity 
of approximately 1 .01 . The electrolyte 
shall be heated to a temperature of 
160 rb 2 F. before it is placed in the 
container. 

(b) Carbon or lead electrodes shall be 
placed in the cells with the necessary 


Report 

23. The report shall include the fol- 
lowing: 

(1) The original length, the length 
after test, and the increase in length, and 

(2) The original width, the width after 
test, and the increase in width. 

Note.— W hen two or more containers are 
tested at a time, a space of at least 2 in. shall 
be left between them to permit proper circula- 
tion of air. 

Sensitivity to Hot-Cold Cycles 
Nature of Test 

24. This ,test is, designed ..to., measure 
the tendency of a battery container to 
develop cracks as a result of abrupt and 
severe changes in temperature. 
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Apfamtus . , 

, 25. The apparatus shall consist of the 
following: 

, (a) Cold Chamber —A refrigerator or 
cold mom of sufficient capacity to 
.produce the temperatures required. 

(b) Hot Chamber —A hot chamber or 
room with heating means sufficient to 
■produce the temperatures required. 

Procedure 

26. (a) Each cell of the battery com 
tainer shall be filled to a point 0.5 to 1.0 
in, from the top with battery acid (sp. 
gr. 1.30 at 77 F.). Place the container 
in the refrigerator, which shall be 
maintained at a temperature of 0 ± 2 F. 
for a period of 16 hr. The capacity 
of the refrigerator shall be sufficient to 
reduce the temperature of the acid in the 
middle cell of the container to 0 ifc 2 F. 
in 13 to 15 hr, 

( 6 ) Upon withdrawal of the container 
from the refrigerator, it shall be placed 
directly into the hot chamber. The hot 
chamber shall have a temperature be- 
tween 110 and 120 F. and shall be of 
such capacity as to cause the acid in 
the middle cell of the container to reach 
83 d= 2 F, in 5 hr. 

(c) After 5 hr. in the hot chamber the 
container shall be withdrawn and allowed 
to rest 3 hr. at room temperature, 
which will complete the first cycle of 
24 hr. Figure 3 shows graphically the 
hot-cold cycle required for this test. 
Not only initial and final temperatures, 
but also the intermediate temperatures, 
shall be approximated. 

(d) Examination of the container shall 
be made to note the development of any 
cracks and leaks, and the cycle shall be 
repeated until such time as cracks may 
develop, or until the required number 
of cycles have been completed. 

Note.— P recautions must be taken, when 
several containers are to be tested at one time, 
to enable each container to reach the required 
temperature levels by proper spacing of the 


containers and. regulation of the refrigerator 
and hot 'chamber. Circulation of, the ah' in 
both the refrigerator and the hot chamber are 
' necessary to : produce' uniform conditions. 

Report 

27. The report shall i,ncliide. the fob 

lowing: 

(1) Record of the temperatures at- 
tained in each cycle, and 

( 2 ) Number of cycles before failure" 

occurs. 

A cm Absorption 

Nature of Test 

28. This test is intended to measure 
the penetration of battery acid into the 
partitions of a battery container at an 
elevated temperature. 

Test Specimen 

29. (a) The test specimen shall be 
2 in. square and of the thickness of the 
partition from which it is cut. The 
specimen shall be taken at least 1 in. 
from the top of the partition, and shall 
not contain any irregular flow marks. 

(b) Since the rate of penetration of 
acid through the cut edges is different 
from the rate through the sides, the 
edges may be sealed to overcome this 
difficulty. A high melting mastic or 
other acidproof adhesive may be used 
for this purpose. 

Number of Tests 

30. Two test specimens shall be tested 
and the average values used in determin- 
ing the add absorption and penetration. 

Procedure 

31. {a) Weigh the test specimen and 
submerge it in H 2 SO 4 (sp. gr. 1.30 
at 77 F.) in a jar or glass container. 
When several test specimens are to be 
placed in the same container, glass 
triangles or other suitable means shall be 
used to separate the specimens from 
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eadi other, ' Fresh acid shall be used 
for each new test. . 

- (5): Cover the jar to avoid evaporation 
and concentration of the acid; then 
place it in an oven ■ maintained at 
ISO ± 2 F.J for a period of 28 days. 
At the conclusion of this period, with- 
draw' the, specimen and wash it in run- 
ning tap water for^ approximately 1 min. 
to remove the acid -from the surface 
of the specimen. Wipe the surface 
with a.cotton cloth to take up residual 
wateij and ; weigh the specimen 
immediately. - 

(c) Af ter the test specimen is weighed, 
cut it through the center into two pieces, 
each about 2 in. in length and Tin. in 
width. Polish the freshly cut edge with 
benzene or other suitabie solvent, and 
measure the average penetration of the 
acid to the nearest in. In determin- 
ing the average penetration only the 
area within 0.5 in. of the middle point 
shall be noted. 


(d) AUernaiive Method — It the 28-day 
period , for the test is . impracticable, a 
shorter period of 7 days at 150 ;=h 2 F,., 
may . be substituted. The procedure 
shall otherwise be .carried out as de- 
scribed in Paragraphs (a) to ic) (N oit)/ 

Note.— “The 7-day period of immersion in 
acid usiiaEy results in less penetration of the 
acid than in the preferred test period of 28 days. 

Report 

32. The report' shall include, the 
following:. : 

(1) Increase,’ in weight . of the .test ' 
■specimen, expressed: in ' grams (indi- 
cate whether or,, not' the edges are 
sealed), 

(2) .Penetration of the acid into the 
interior of the test specimen, expressed 
in sixty-fourths of an inch, 

(3) Time in acid, .and 

■ (4) Temperature of . acid. 


Tentative Methods of 

TESTING CELLULAR RUBBER PRODUCTS^ 



A.S.T.M. Designation: D SS2 46a T 
{Revision of Methods D 552 - 46 T) 

Issued 1939; Eevised, 1941, 1943, 1944, Jaisuary 1946, June 1946.® 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St,, Philadelphia 3, Pa. 


Scope 

1. (a) These methods cover proced- 
ures for testing cellular rubber products 
in which the base material used in manu- 
facture may be natural rubber, reclaimed 
rubber, synthetic rubber or rubber-like 
materials, alone or in combination. 
Cellular rubbers may be vulcanized 
either to soft or to hard (ebonite) rubber. 

(5) The cellular rubber products to 
which these methods are applicable in- 
clude sponge rubbers, latex foam rubbers, 
and expanded rubbers. The methods 
included are not all applicable to every 
class of cellular rubbers nor do they 
necessarily include every test applicable 
to a particular class of cellular rubber. 
References to these methods for testing 
cellular rubber products should specifi- 
cally state the particular test or tests 
desired. 

General Methods 

2. (a) Except as otherwise specified in 
these methods of testing cellular rubbers, 

I Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-ll on Rubber and Rubber-Like Materials. 

3 Latest revisions accepted by the Administrative 
Committee on Standards, January 10, 1946, and by the 
Society at annual meeting, June, 1946 


the following methods of test of the 
American Society for Testing Materials, 
applicable in general to vulcanized mb- 
ber, shall be complied with as required 
and are hereby made a part of these test 
methods: 

General Physical Test Requirements . — 
Standard Methods of Sample Prepara- 
tion for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D IS).® 
Aging Test . — Standard Method of 
Test for Accelerated Aging of Vulcanized 
Rubber by the Oxygen-Pressure Method 
(A.S.T.M. Designation: D 572),® Stand- 
ard Method of Test for Accelerated Ag- 
ing of Vulcanized Rubber by the Oven 
Method (A.S.T.M. Designation: D 573),® 
and Standard Method of Air Pressure 
Heat Test of Vulcanized Rubber (A.S. 
T.M. Designation: D 454).® 

Compression Set . — ^Tentative Methods 
of Test for Compression Set of Vulcan- 
ized Rubber (A.S.T.M. Designation: 
D395).® 

Chemical Analysis . — ^Tentative Meth- 
ods of Chemical Analysis of Rubber 
Products (A.S.T,M. Designation: ^ D 
297).® 

* Appears in this publication, see Contents in Numeric 
Sequence of A,S-T.M . Designations at front of book. 
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Low~Temperaiure BriUleness—T^ntei - , 
tive Method of Test ior Low-Tempera- 
ture Brittleness of Rubber and Rubber- 
Like Materials (A.S.T.M. Designation: 
D 736).3, ' , 

Compression - Deflection. — Standard 
Methods of Test for Compression-Deflec- 
tion Characteristics of Vulcanized Rubber 
(A.S.T.M. Designation: D 575).® 

Fluid 'Tentative Methods 

of Tests for Changes in Properties of Rub- 
ber and Rubber-Like Materials in Liq- 
uids (A.S.T.M. Designation: D471).® 

(6) In case of conflict between provi- 
sions of the above methods and the 
procedures herein specifically described 
for cellular rubbers, the latter shall take 
precedence. In case of conflict between 
the procedures herein described for cellu- 
lar rubbers and the methods of a particu- 
lar specification or for a particular 
cellular rubber product, the latter shall 
take precedence. 

Sampling 

3. (a) When possible, the completed 
manufactured product shall be used for 
the tests specified. Representative sam- 
ples of the lot being examined shall be 
selected at random as required, 

{b) When it is necessary or ad\dsable 
to obtain test specimens from the article, 
as in those cases where the entire sample 
is not required or adaptable for testing, 
the method of cutting and the exact posi- 
tion from which specimens are to be 
taken shall be specified. The apparent 
density and the state of cure may vary 
in diflerent parts of the finished product, 
more especially if the article is of com- 
plicated shape or of varying thickness, 
and these factors aSect the physical 
properties of the specimens. Also, the 
apparent density is affected by the num- 
ber of cut surfaces as opposed to the 
number of skin-covered surfaces on the 
test specimen. 

{c) When the finished product does not 


lend itself to testing or to the. taking of' 
test ' specimens because of complicated 
shape, small size, metal or fabric inserts, 
solid covers, adhesion to metal, or other 
'reasons, standard test , slabs ' shall be 
prepared. Standard test slab specimens 
shall also be used for arbitration purposes 
in the event of controversy concerning 
test results obtained from samples of 
commercial articles. 

Standard Test Specimens 


4. Standard test specimens shall be 
disks 1 .129 in. in diameter. The speci- 
mens may be cut with a revolving die^ 



Fig. 1 . — Location From WMcli Standard Test 
Specimens Are to be Cut When Testing 
Standard Test Slabs or Commercial 
Flat Sheets. 

using a soap solution as a lubricant. If 
a lubricant is used the specimens shall be 
thoroughly dried before proceeding with 
the testing. In some cases it may be 
necessary to freeze the cellular rubber to 
obtain parallel cut edges. When cut 
from standard test slabs they shall be cut 
from the center area as shown in Fig. 1. 


< A satisfactory die and its method of application are 
described in Section 4 of the Standard Methods of Test 
for Compression-Deflection Characteristics of Vulcanized 
Rubber (A.S.T.M. Designation: D 575), see p. 299, 
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The thickness shall be measured using 
the dial micrometer , gage described in 
Section 6 (h). 

Standard Test Slabs 

5. (a) Standard test slabs of ail types 
,of cellular rubber shall be pieces 6-in. 
square and m, in thickness made from 
the : same compound and having the 
same apparent density and state of cure 
as the product they represent. In all 
cases the surface skin shall be left intact 
on both top and bottom faces. Standard 
test slabs shall be prepared either by cut- 
ting them from commercial flat sheets of 
the specified thickness or, in the case of 
sponge rubbers, by the special procedure 
described in the following Paragraph (b). 

(b) When specially prepared standard 
test slabs of sponge rubber are required, 
they shall be made using the frame 
shown in Fig. 2 together with top and 



Fro. 2. — Four-Cavity Frame for Standard Test 
Slabs of Cellular Rubbers. 

bottom plates each approximately 0.50 
in. in thickness. The frame and plates 
shall be made of aluminum or steel. 
The stock shall be in sheet form cut into 
squares slightly smaller than the frame 


cavities. The. thickness of the. square 
sheets shall be such as. to give the re- 
quired apparent density when the ma- 
terial is blown during cure , to fill, , tlie 
molding cavities. The squares of stock 
shall be dusted with talc and the excess 
brushed off to avoid pitting. They shall 
then be placed in the frame,' and fabric 
■sheeting shall be applied on' the top and 
bottom between the frame and the plates 
to allow venting of gases produced during 
the cure. This fabric shall be a commer- 
cial sheeting weighing approximately 4 
oz. per sq. yd., having approximately 70 
ends per in. and 60 picks per in. The 
specimens shall be vulcanized in a platen 
press under conditions of time and tem- 
perature chosen to produce the same 
state of cure in the standard slabs as in 
the finished products they represent. 

Measurements of Finished Products 

6. (a) The length and width shall be 
measured with a steel scale or tape. 
Care shall be taken not to distort the 
cellular rubber. 

(b) Thicknesses up to and including ! 
in. shall be measured using a dial-type 
gage^ having a maximum stem and foot 
weight of 25 g. and a foot IJ in. in 
diameter. Thicknesses over 1 in. shall 
be measured using a sliding caliper gage 
or as specified in Paragraph (a). When 
a sliding caliper gage is employed, the 
gage setting shall be made with the gage 
out of contact with the cellular rubber. 
The sample shall be passed through the 
previously set gage and the proper setting 
shall be the one when the measured faces 
of the gage contact the surfaces of the 
article wuthout compressing it. 

(^:) The type of steel scale, tape or 
dial gage and the graduations employed 
shall be so chosen as to .give accurate 
measurements according to the speci,fied 
permissible variations. 

5 A gage similar to Federal Products Co. No, D-81-S 
is satisfactory. 
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(d) Results reported shall be the 
average of a minimum of three measure- 
ments..,' 

' CHEMiCiAL Analysis 
Procedure 

7, The chemical analysis of cellular 
rubber products shall be made in ac- 
cordance with the complete procedure as 
described in the Tentative Methods of 
Chemical Analysis of Rubber Products 
(A.S.T.M. Designation: D 297).^ 

^ Apparent Density 
Procedure 

8. (a) The apparent density shall be 
calculated by dividing the weight of the 
cellular rubber by its volume. In the 
case of cored stock, the volume as mea- 
sured shall include the volume of the core 
holes. The apparent density shall be 
expressed in ounces per cubic inch. 

(b) All weighings shall be made to an 
accuracy of 0.25 per cent. 

(c) The volume of regularly shaped 
products or specimens shall be obtained 
from measurements of length, width, and 
thickness. 

(d) The volume of irregularly shaped 
products or specimens, which cannot be 
measured by ordinary means, shall be 
obtained by the displacement method, as 
follows: The test specimen shall be 
placed in a graduated container of 
slightly larger dimensions than the 
speciiB^en and completely surrounded by 
10 to i4-mesh, free-flowing seed, such as 
rapeseed, so that the specimen is covered 
to a depth of 1 in. Test specimens con- 
taining core holes shall have the holes 
sealed off with cellophane or similar suit- 
able material before being placed in the 
container. The seed shall be added to 
the graduated container under controlled 
conditions by use of a glass powder 
funnel having a top diameter of 100 
mm. and a stem diameter of 18 mm. 
The bottom of the funnel shall be placed 


6 in. above the top of the specimen. 
The apparent volume of the seed and the 
specimen shall be recorded. After re- 
moving the test specimen, the apparent 
volume of the seed shall be recorded, and 
the volume of cellular rubber calculated 
as follows: 

Fi - (Fi+ F*) - Ts . 

where: 

Vj = volume of cellular rubber, and 
F 2 = apparent volume of seed. 

(e) A minimum of three tests shall be 
made and the average value reported. 

Accelerated Aging Tests v 

Procedure 

9. Either the oxygen-pressure-cham- 
ber aging test, the air-oven aging test, or 
the air-pressure heat test as described in 
the Standard Method of Test for 
Accelerated Aging of Vulcanized Rubber 
by the Oxygen-Pressure Method (A.S, 
T.M. Designation: D 572),® by the Oven 
Method (A.S.T.M. Designation: D 573),® 
or by the Air Pressure Heat Test 
(A.S.T.M. Designation: D 454),® re- 
spectively, may be used for cellular 
rubbers, as specified, except that in the 
air-pressure heat test an air pressure of 
60 rb 2 psi. shall be used in place of the 
80 =t 2 psi. prescribed in Method D 454. 
Deterioration may be expressed as per- 
centage change of compression-deflection 
values or the results may be determined 
by visual observation. No relation be- 
tween accelerated aging tests and natural 
aging is given or implied. 

Compression-Deflection Tests 
Test Specimens 

10. Standard test specimens shall be 
used for this test. They shall be cut so 
that opposite edges are parallel, either 
from the finished product in a manner 
agreed upon by the parties concerned or, 
as shown in Fig. 1, from standard test 
slabs' or from commercial' flat sheets. 
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The thickness of the test specimens may 
varyj but shall be measured and stated 
ill the report. 

Note. — Tlie compression-deflection test is 
ordinarily made on sponge rubbers ..and ex- 
panded rubbers. Tbe indentation test (Sections 
16 to 20) is usually preferred on latex foam rub- 
bers. 

Procedure 

11. (a) Before starting the test, the 
specimen of cellular rubber shall be com- 
pressed 25 per cent of its free height by 
applying and releasing sufficient load 
three times in succession after which the 
test shall be made immediately. Cellu- 
lar rubbers less than J in. in thickness 
shall be tested by plying up the proper 
number of plies to obtain a thickness as 
near | in. as possible. 

(b) The standard test specimen shall 
be compressed between parallel metal 
plates by applying a load sufficient to 
reduce the thickness by 25 per cent of its 
original value. The bottom and top 
plates shall be at least 1.5 in. in diameter. 
The load shall be applied as a dead 
weight. The reading shall be taken 
immediately after the load has been ap- 
plied. Any arrangement of applying the 
load so that the two plates are kept 
parallel is satisfactory. 

Report 

12. The unit load required expressed 
in pounds per square inch shall be re- 
ported as the result of the compression- 
deflection test. 

Compression Set Under Constant 
Deflection 
Test Specimens 

13. Standard test specimens shall be 
used for this test. They shall be cut so 
that opposite edges are parallel, either 
from the finished product in a manner 
agreed upon by the parties concerned or, 
as shown in Fig. 1, from standard test 


slabs or from commercial , flat sheets. 
The. thickness of the test specimens may 
vary, but shall be measured and stated 

in the report. 

Procedure 

14. Thq apparatus and procedure shall 
be the same as prescribed in' Method B 
of the Tentative Methods of Test for 
Compression Set of Vulcanized Rubber 
(A.S.T.M. Designation: D 395),^ except 
as follows: Test specimens shall be com- 
pressed 50 per cent of their original 
thickness. The load shall be released at 
the end of the test period and the thick- 
ness measured after 30 min. rest at room 
temperature. Thickness measurements 
shall be made as described in Section 6. 
The temperature of the test shall be 
158 F. The time of the test shall be as 
specified. 

Calculations 

15. The percentage compression set 
shall be calculated as follows: 

Compression setj per cent — — X 100 

where: 

hi = original height, and 
Jh ^ final height. 

Indentation Test 

Scope 

16. This test is applicable to the tlst- 
ing (i latex foam rubbers. It consists of 
measuring the load necessary to produce 
a 25 per cent indentation in the cellular 
rubber product. 

Apparatus 

17. An apparatus having a flat circular 
indentor foot 50 sq. in. in area, con- 
nected to a load measuring device, and 
mounted in such a manner that the prod- 
uct or specimen can be deflected at a 
specified rate, shall be used for this test. 
The apparatus shall be arranged to sup- 
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port thC' speciraen on a level horizontal 
plate which is perforated with 0.25-in. 
holes on. 0.. 75-in. centers to allow for. rapid 
escape, of air du.ring .the test. 

Test Specimens 

18. The test specimen shall consist of 
the entire product sample or a suitable 
portion of it, except that in no case shall 
the surface for indentation have dimen- 
sions less than 12 by 12 in. 

Procedure 

19. (a) The test specimen shall be 
placed in position on the supporting 
plate of the apparatus. In case the prod- 
uct has one side cored or honeycombed, 
this face shall rest on the perforated 
plate. The specimen position shall be 
such that the indentation will be made 
at the center of all articles. 

(b) The indentor foot shall be brought 

into contact with the specimen, and the 
original height shall be determined after 
applying a total preload of 1 lb. The 
product shall then be compressed 25 per 
cent of this original height and the final 
load in pounds observed. The result ob- 
tained in this test is influenced by tem- 
perature and humidity conditions, and 
tests which are to be compared shall be 
conducted under substantially the same 
conditions. In all cases, the actual tem- 
perature and humidity during the test 
shall be reported. ♦ 

(c) In cases of dispute, the compres- 
sion readings shall be performed at a 
temperature of 77 db 3.6 F. and in an 
atmosphere having a relative humidity 
of 60 ± 5 per cent. The product shall 
be conditioned undeflected and undis- 
torted at this temperature and humidity 
for at least 12 hr. before being tested. 
Ordinarily only one test shall be made, 
but in cases of dispute the result shall be 
expressed as the average of a minimum 
of three tests. 


CalciilatiGEs, 

'. 20'. Readings obtained on the indentor 
foot shall be divided by 50 and the result 
expressed as pounds per .square inch. 

Flex.ing Test 

Scope 

21. The flexing test. is applicable,, to 
the testing of latex. 'foam,, rubbers. It 
consists of subjecting the test specimen 
to repeated compression and noting the 
effect on the cellular structure. 

Test Specimens .' 

22. The test specimen shall consist of 
the entire product sample or a suitable 
portion of it, except that in no case shall 
the loading surfaces have dimensions 
less than 12 by 12 in. 

Procedure - 

23. The test specimen shall be placed 
centrally on the stationar}^ plate of the 
flexing machine. The flexing plates 
of the machine shall be at least J in, 
larger on each side than the specimen 
being tested. In case the product 
has one side cored or honeycombed, that 
face shall rest on the perforated plate. 
The plate positions shall then be adjusted 
so that the loading plate is brought just 
into contact with any part of the speci- 
men. The distance between the two 
plates shall then be taken as the original 
thickness of the specimen. For products 
having an indentation value of less than 
1.72 psi. the amplitude of compression 
and decompression shall be 50 per cent 
of the original thickness. For products 
having an indentation value of 1.72 psi., 
or higher, the amplitude shall be 25 per 
cent of the original thickness. The ma- 
chine shall then be started reciprocating 
at 60 cycles per. minute .a,nd ,- the total 
number of flexures recorded continuously 
by means of a counter. Failure of the 
specimen is evidenced by physical 
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breakdown of the cellular structure as de- 
termined by visual examination and com- 
parison with, uiiflexed specimens. Speci- 
mens may be evaluated as, agreed upon 
by the manufacturer and the purchaser 
either by flexing them a specified number 
of times and .comparing the degree_ of re- 
sultant physical breakdown or by flexing 
them to failure and comparing the num- 
ber of flexures required. The conv 
pression set shall be measured 30 min. 
after completion of the test. 


Procedure 

25. When testing with petroleum base 
lubricating oils, it is recom,raended in, the 
interest of standardization that, the test 
be conducted in one of the oils prescribed 
in Table I which has an , aniline point 
nearest that of the oil with w,hicli ■ ..the 
cellular rubber is expected to come in 
contact in service. The aniline point of 
a petroleum oil appears' to characterize 
the swelling action of that oil on syn- 
thetic cellular rubber compounds. In 


TABLE I.~PETROLEUM-BASE LUBRICATING OILS.® 



Petroleum-Base Oils 

A.S.T.M.. 

Designation® 

No. L Low 
Swelling, 
Aniline Point 
250 F. 

No. 2, Medium 
Swelling, 
Aniline Point 
200 F. 

No. 3. High' 
Swelling, 
Aniline Point 
160 F. 

Saybolt Universal Viscosity, sec 

98 ± 5^ 
123.9 ± 1 C. 
(255 ± 1.8 F.) 
470 min. 

100 ± 5^' 

93 3 C. 

(199.4 zfc 5.4 F.) 
475 min. 1 

155 =£5'" ' 
69.5 ,d= 1.5 C. 
(157.1 db 1.8 F.) 
330 db 5 

D 88 

D 611 

D 92 

Aniline point 

Flash point, deg. Fahr 



“ These designations refer to the following methods of the American Society for Testing Materials: 

Standard Method of Test for Viscosity by Means of the Saybolt Viscosimeter (A.S.T.M. Designation: D SSU 
Tentative Method of Test for Aniline Point and Mixed Aniline Point of Petroleum Products (A.S.T.M. 
Designation: D 611),'^ and 

Standard Method of Test for Flash and Fire Points by Means of Open Cup (A.S.T.M. Designation; D 92).^ 

^ Measured at 210 F. 

^ Measured at 100 F. 


Oil Immersion Test 


Test Specimens 


24. Standard test specimens approxi- 
mately I in. in thickness shall be used for 
this test. The diameter and thickness 
shall be measured before and after im- 
mersion in the specified petroleum-base 
oil for 22 hr. at 158 F. and the percentage 
change in volume calculated. Three 
specimens shall be run on each test and 
the average of the three values reported. 


6 The following suppliers state that their products meet 
the requirements for these petroleum-base oils when 
ordered as A.S.T.M. oils as follows: 

A.S.T.M. Oil No. i may be ordered as such from 
Stance Distributors, Inc., Chemical Products Dept., 
Attention Mr, A. B. Boehm, 26 Broadway, New 
, York4, ,N. Y. 

A.S.T.M. Oil No. 2 may be ordered as Sun XX Heavy 
Cable from Sun Oil Co., Philadelphia, Pa. 

A.S.T.M. No. 3 may be ordered as such from Sun 
Oil Co., Attention Mr. j, B. Hill, Marcus Hook, Pa. 
’ 1946 Book of A.S.T.M. Standards, Part III-A. 


general, as the aniline point becomes 
lower the swelling action of the oil be- 
comes more severe. The oils shown in 
Table I cover a range of aniline points 
commonly found in lubricating oils. 

Low-Temperature Test 

Apparatus 

26. The apparatus shall consist of two 
parallel plates at least 1.5 in. in diameter, 
one of which is movable and the other 
one stationary, a means of applying a 
load and a means of accurately measur- 
ing the distance between the parallel 
plates. 

Test Specimens 

,27. Standard test specimens shall be 
used for this test. The thickness may 
be different from that of the standard 
specimen, but it shall be measured and 
stated in the report. 
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Procedure 

28. The compression-deflection of the 
specimen shall first be measured at room 
temperature and the load in pounds per 
square inch necessary to obtain a 25 per 
cent deflection recorded. The specimen 
shall then be placed in the cold box for 
5 hr. at a temperature of —40 F. at the 
end of which time the previously deter- 
mined load shall be applied as rapidly 
as possible while the specimens are still 
in the cold box and the deflection re- 
corded immediately. 

Calculation 

29. The percentage change in deflec- 
tion shall be calculated as follows: 

D - E 

C * -3— X 100 

where: 

C = percentage change in deflection, 

D = deflection at room temperature, 
and 

E = deflection at —40 F. 


Water Absorption Test ; 

Scope 

30. The water absorption test is ap- 
plicable to expanded rubbers (closed cell 
type). It should not be used on sponge 
rubbers or latex foam rubbers (open cell 
type) unless they are completely encased 
in an added skin. 

Test Specimens 

31. Standard test specimens approxi- 
mately I in. in thickness shall be used 
for this test. Test specimens shall have 
the natural skin on the top and bottom 
surfaces of the disks. 

Procedure 

32. Specimens shall be submerged in 
distilled water at room temperature (65 
to 90 F.) 6 in. below the surface of the 
water for 22 hr. and then dried off with 
an air blower and the change in weight 
calculated. 


Tentative Methods of 
TESTING RUBBER ADHESIVES^ 



Designation: D 816 - 46 T 
Issued, 1944; Revised, 1946.^ 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

L These methods are intended for use 
in testing the properties of adhesives 
which may be applied in plastic or fluid 
form and which are manufactured from 
natural rubber, reclaimed rubber, syn- 
thetic elastomers, or combinations of 
these materials. They are not all to be 
considered as applicable to a particular 
type of adhesive nor do they necessarily 
include every test which may be appli- 
cable to a particular type. They do, 
however, provide procedures in standard 
form for evaluating the more important 
properties of the usual adhesives ordi- 
narily classed as rubber cements. 

Classes of Tests 

2. The tests described in these meth- 
ods may be classified in two groups, the 
first including those procedures in which 
the adhesive is applied to specimens of 
materials to be bonded after which the 
quality of the bond is evaluated, and the 
second including those procedures appli- 
cable to the adhesive itself without con- 
sideration of the bonding properties. 

^ Under the standardisation procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber and Rubber-Like Materials. 

® Revision accepted by the Society at annual meeting, 
June, 1946. 


The tests in class 1 are those for adhesion 
strength, bonding range, softening point, 
and cold flow. Those in class 2 comprise 
determinations of viscosity, stability, 
cold brittleness, weight per gallon, and 
plastic deformation (for heavy doughs or 
putties). 


Materials for Bonded Specimens 
3. The following materials shall be 
used as specified for the preparation of 
specimens bonded with the test cement 
for tests of class 1 and shall be reported 
with the result of the test: 


Aluminum sheet, cladded material, gage 0.064 
in. 

Standard rubber test slabs." 

Cotton duck (30.31 oz. per sq. yd., medium 
texture, A.S.T.M. Specifications D 230) .^ 
Coated fabrics of which the fabric strength 
and the adhesion of coating to fabric exceed 
the strength of the adhesive bond. 

Rolled sheet or machined steel, S.A.E. No. 
1020, sand blasted or sanded with 240 grit 
abrasive.® 

Special materials such as leather, cork, felt, 

etc. 

® See Section 4 of the Standard Methods of Sample 
Preparation for Physical Testing of Rubber Products 
(A.S.T.M, Designation: D U).* 

° Standard Specifications for Numbered Cotton Duck 
and Army Duck (A.S.T,M. Designation: D 230),^ 

® 1946 S.A.E. Handbook, p. 300. 


* Appears in this publicatian, see Contents in Numeric 
Sequence of A.S.TJtf. Designations at front of book, 

* 1946 Book of A.S.T.M. Standards, Part III-A. 
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Note.—Ih reporting tests using aluminum 
sheet, the alloy and type of cladding shall be 
stated. Care shall also be taken when rubber 
test slabs are used for bonded specimens to 
report the compound actually employed. In 
the case of coated fabrics, the exact nature 
of the coating shall be stated. Any special 
materials shall be completely identified and 
described in the report. 

SampHng 

4. Before sampling, the cement to be 
tested shall be thoroughly agitated to 
uniform consistency throughout, after 
which a sample shall be taken of suffi- 
cient quantity for performance of the 
tests required. The sample shall be kept 
in a tightly closed container to prevent 
evaporation and shall be agitated or 
stirred to uniform consistency imme- 
diately before test or use in preparation 
of test specimens. 

Test Conditions 

5. The tests of adhesives shall be con- 
ducted at a temperature of 77 d= 5 F. and 
relative humidity of 50 it 5 per cent. All 
material and equipment shall be held at 
these conditions prior to test for a suffi- 
cient time to assure equilibrium. 

Adhesion Tests 
Types of Adhesion Test 

6. The adhesion strength of a cement 
used to bond two materials is measured 
by determining the force required to 
produce separation by failure of the ad- 
hesive. This force may be applied as 
(i) a direct tension pull in the direction 
normal to the adhered surfaces, (2) a 
a shearing force in the same plane as the 
surfaces, or (J) a stripping force which 
produces progressive separation over the 
adhered surfaces. It is obvious that the 
stripping procedure can be used only 
when at least one of the adhered mate- 
rials is flexible. Methods, designated A, 
B, and C, are given for preparing and 
testing bonded specimens by each of these 
t 3 rpes of adhesion test. The adhesion 


test may also be applied, when specified, 
to bonded specimens which have been 
subjected to deteriorating influences 
such as accelerated aging or action of 
oils or solvents after their preparation 
and before separation but in this case 
full details concerning, such treatment 
shall accompany the statement of the 
result of the adhesion test. 

Method A. Adhesion Strength 
in Tension 

Preparation of Test Specimens 

7. {a) For testing cements for use in vul- 
canized applications, the test specimens 
shall be those specified in Sections 3 and 
4 of the Standard Method of Test for 
Adhesion of Vulcanized Rubber to Metal 
(A.S.T.M. Designation: D 429),® except 
that after buffing or grinding the surfaces 
to be adhered, and washing them free 
from dirt or oil using carbon tetrachlo- 
ride, they shall be coated with a uniform 
film of the test adhesive as near as 
possible 0.001 in. in thickness. 

(5) For testing cements for use in un- 
vulcanized applications, test specimens 
similar to those specified in Paragraph 
(a) shall be prepared except that the 
rubber cylinders used in their prepara- 
tion shall be cut from vulcanized rubber 
and the assembly of the specimen shall 
be made without vulcanization in a mold. 
To accomplish this, the circular faces of 
the rubber cylinders shall be buffed 
smoothly and evenly to parallel planes 
and shall be coated with a uniform film 
of the test cement as near as possible 
0.001 in. in thickness. With thin ce- 
ments, the coating may be done with a 
brush, applying successive coats and 
allowing sufficient time between coats 
for evaporation of the solvent. ^^ T^ 
faces of the metal plates shall be freshly 
sand-blasted or ground to a dull finish 
with fine emery and washed free of dust 
and oil with carbon tetrachloride. The 
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metal faces shall also be coated with the 
test; cement: as in, the. case of the rubber 
cylinders. W.hen the^ cement films have 
dried to .the point .where there is still 
aggressive tackiness but no tendency for 
the film., to lift when touched with a 
finger, each rubber cylinder shall be 
bonded firmly by hand between the 
cemented faces of two metal plates and 
the assembly shall be clamped in a suita- 
ble loading fixture under a compressive 
load of 10 lb. for at least 24 hr. 

Procedure 

8. The prepared specimens shall be 
tested as described in Section 6 of A.S. 
T.M. Method D429. Care shall be 
taken to use a tension testing machine 
of capacity and sensitivity suitable for 


Method B, Adhesion Strmgih in Shear 

Types of Test Specimens 

9. Specimens for shear tests shall be of 
two types, namely, Type 1.. lap speci- 
mens, and Type 2 sandwich specimens 
as shown in F ig. 1 . Lap specimens shall 
be used when the adhesive is to be tested, 
for bonding materials which are' .both 
extensible such as rubber, felt, or cork, 
or both relatively nonextensible like 
metal, cloth, and leather. Sandwich 
type specimens shall be used when one 
of the bonded materials is extensible and 
the other nonextensible. In both types 
of specimens, two strips of the material 
1 in. in width and 5 in. in length shall be 
bonded over an area of 1 sq. in. with the 
free ends extending parallel in opposite 


Bonded Surface 


Type I - Lap Specimen 


Sh/m 


Bonded Surfaces 




Sh/hy--^ 


Type 2 -Sandwich Specimen 


Fig. 1 , — ^Test Specimens for Adhesion Strength in Shear. 


loads of the magnitude anticipated with 
the particular adhesive being tested. 
The adhesion strength shall be expressed 
in pounds per square inch calculated by 
dividing the tension load causing failure 
by the original area of the adhered sur- 
face which separates. With the stand- 
ard test specimens the value is the load 
at failure divided by two. Two speci- 
mens shall be tested and the higher of 
the results shall be reported as the ad- 
hesion strength en tension provided they 
check within 10 per cent. Otherwise, 
additional specimens shall be tested until 
results are obtained consisting of the 
high value and one which checks this 
within 10 per cent. If no check of the 
high value is obtained when six speci- 
mens have been tested the average of 
all six results may be reported as the 
average adliesion strength in tension. 


directions to permit clamping in a testing 
machine. In the case of the lap-type 
specimens the two strips shall be bonded 
directly to each other by means of the 
adhesive being tested but in the case of 
the sandwich-t}q)e specimen, a l-in. 
square block of extensible material hav- 
ing a thickness of not more than f in. 
shall be bonded between two nonex- 
tensible strips by means of the test ad- 
hesive. 

Preparation of Test Specimens 

10. The faces of the. materials which 
are to be bonded by the test adhesive 
shall be buffed by hand using a wire 
brush, fine emery cloth or similar suit- 
able abrasive to assure a slightly rough- 
ened’surface which shall then be washed 
free of dirt and oil by means of oil-free 
carbon tetrachloride. When thoroughly 
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dry and without touching the surfaces 
after washing, the test adhesive shall be 
applied by brushing, spraying or spread- 
ing to form a film having a thickness of 
0.G01 in, as near as possible. ■ 

Note.— With cements of sufficiently heavy 
consistency to allow their use, the volumetric or 
dead weight cement spreaders shown in Figs. 
2 and 3 may be found convenient for applying 
the adhesive in preparing the required speci- 
mens. With thin cements applied by means of 
brushing, several coats may be necessary in 
which case adequate drying time to permit 
evaporation of the solvent should be allowed 
between coats. Three such coats will usually 
be found sufficient. 


Procedure 

11.. After the required aging period, 
the prepared specimen shall be clamped 
in the grips of a tension testing machine 
conforming to the requirements pre- 
scribed in Section 6 of the Standard 
Methods of Test for Adhesion of Vul- 
canized Rubber (Friction .Test)' (A.S. 
T.M. Designation: D 413),^ using shims 
in the grips as indicated in Fig. 1 so that 
the applied force shall be in the plane of 
the cemented area. Care shall be taken 
to be certain that the specimen is prop- 
erly centered and is straight in the grips. 



T 

I 

I 

I 

1 

I 

J 
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f 

I 

I 

I 

I 

1 



Fig. 2. — Volumetric Cement Spreader. 


When the cement film has dried to the 
point where there is still aggressive tacki- 
ness but no tendency for the film to lift 
when touched with a finger, the surfaces 
to be bonded shall be aligned carefully so 
that 1 sq. in. shall be adhered and 
pressed together firmly by hand. The 
specimens, resting on a smooth hard 
base, shall then be rolled with five com- 
plete strokes using a metal roller 1 in. in 
diameter applied with a band pressure 
of approximately 20 lb. The specimens 
shall then be allowed to age for at least 
24 hr. under the standard test conditions 
of temperature and humidity (Section 5) 
without any applied pressure. 


When testing type 1 specimens made of 
extensible materials, provision shall be 
made to maintain the strip during the 
test approximately in the plane of the 
clamps. This may be done by holding 
the specimen against a plate attached to 
the stationary clamp. The clamps shall 
be separated at the rate of 2 in. per min. 
and the load causing separation of the 
specimen shall be recorded in pounds per 
square inch of the adhered surface which 
separates. {Caution: When shims or 
plates are added to the clamps, the test- 
ing machine must be adjusted for zero 
load with these additions or their weight 
must be deducted from the indicated 
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reading.) Two. specimens in each re- 
quired combination shall be tested and 
the higher of the results shall be reported 
as the adhesion strength in shear pro- 
vided they check within 10 per . cent. 
Otherwise, additional specimens shall 



/ 

Blade 

i/6. 



Fig, 3. — ^Dead Weight Cement Spreader. 


be tested until results are obtained con- 
sisting of the high value and one which 
checks this within 10 per cent. If no 
check of the high value is obtained when 
six specimens have been tested, the 
average of all six results may be reported 
as the average adhesion strength in shear. 


1 in. in width of flexible material .shall be 
bonded by means of the test cement , ex- . 
.ceptfor 2 in. at one end to. a strip 12 in. 
in length by 2 in. in. width of the other 
material which is to be .adhered. The 
center lines of the two strips shall be 
superimposed. The surface , to be 
bonded shall be properly prepared, for 
example, by buffing,' washing, with ..car- 
bon tetrachloride, drying and coating 
with a film of the test cement 0.(X)1 in. 
in thickness (Note), uniting, rolling 
down, and aging as specified in Section 
10 for shear test specimens. 

Note. — In the case of porous material, the 
thickness of the cement film shall not be speci- 
fied. 

Procedure 

13. The test specimens shall be placed 
in a tension testing machine by clamp- 
ing the free end of the 2-in. wide strip 
in one grip and turning back the free end 
of the flexible 1-iii. wide strip and clamp- 
ing it in the other grip. The testing 
machine and the procedure used shall 
conform to that specified under the ma- 
chine method for strip specimens in Sec- 
tions 6 and 7 of A.S.T.M. Method 
D 413. The autographic chart obtained 
constitutes the report of the test but the 
value of the adhesion shall be determined 
by drawing on the chart the best average 
line between the maximum and miniinum 
load values. The load so indicated, ex- 
pressed in pounds per inch of width for 
separation at 1 in. per min., shall be 
considered ns the adhesion , strength 'by 
the stripping method. For the evalua- 
tion of each cement,, sample, two samples 
shall be prepared ,and tested and the 
higher average load obtained shall be 
reported as the adhesion strengtii of the 
sample. 


Method C. Adhesion Strength by 
Stripping Method f iction Test) 

Preparation of Test : Speciineiis 

12. A strip at least 6 in, in length by 


Bonding Range 

Type of Test 

14. The test for bonding, range ,.is in- 
tended for use in determining the most 
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suitable drying period for use with the 
test cement after application and before 
bonding the materials in order to obtain 
the maximum initial bond strength. A 
series of type 2 shear adhesion test speci- 
mens (Fig. 1) is prepared using the test 
cement and allowing it to dry for differ- 
ent known periods before uniting the 
materials. These specimens are ce- 
mented, dried, bonded, and tested for 
adhesion strength in shear according to 
a definite time schedule. The drying 
period which results in the highest shear 
adhesion value is the optimum bonding 
range for the cement being tested. 

Preparation of Test Specimens 

15. The test specimens shall be t 3 rpe 2 
shear adhesion test specimens each made 
from two strips of aluminum alloy 1 in. 
in width by 5 in. in length bonded by the 
test cement to a block of heavily com- 
pounded rubber 1-in. square by | in. 
in thickness having a durometer hardness 
of 75 to 85. The specimens shall be 
prepared in duplicate as specified in 
Section 10 except that the application 
of the cement shall be so scheduled that 
successive pairs of specimens may be 
dried 1, 3, 5, 10 and 20 mm. before 
bonding and each tested exactly 3 min. 
after making the bond. After the first 
20 min. of drying time, additional in- 
tervals of 20 min. to a maximum of 2 hr. 
shall be used. 

Procedure 

.16. The test specimens prepared ac- 
cording to the prearranged schedule shall 
be tested as specified in Section 11 three 
minutes after making the bond and roll- 
ing them, The force in pounds required 
to separate the rubber from the metal 
shall be recorded for each specimen and 
the maximum value selected. The dry- 
ing time used for cementing that speci- 
men shall be reported as the optimum 
bonding range. If the maximum value 
is obtained with a specimen dried for 


2 hr., the optimum, bonding range shall 
be reported as 2 hr. .or more. 

Softening Point . ■' 

Type of Test 

17. The test for softening point is in- 
tended for use in determining the tem- 
perature at which the cement softens 
sufficiently to provide an ineffective 
bond. ' It consists of subjecting type 2 
shear adhesion test specimens (Fig. 1) 
under a definite shearing load for a speci- 
fied interval to successive increments of 
temperature until the bond fails. The 
temperature at which failure occurs is 
taken as the softening point. Obviously, 
the test is useful primarily for compari- 
sons between different cements as the 
adhesion strength may be seriously re- 
duced at temperatures below the soften 
ing point. 

Preparation of Test Specimens 

18. Type 2 shear adliesion test speci- 
mens (Fig. 1) using the test cement shall 
be prepared in duplicate as specified in 
Section 15, except that the drying time 
shall be that determined as the optimum 
bonding range and the specimens shall 
be aged before test at least 24 hr. under 
the standard conditions of temperature 
and humidity (Section 5) without ap- 
plied pressure. 

Procedure 

19. The test specimens shall be hung 
with one metal end of each attached to a 
suitable support in an electric oven com- 
plying with the requirements prescribed 
in Section 4 of the Standard Method of 
Test for Accelerated Aging of Vulcanized 
Rubber by the Oven Method (A.S.T.M. 
Designation: D 573).® A weight of 1 lb. 
(Note) shall be attached carefully without 
shock to the lower end of each specimen. 
In attaching the weight and suspending 
the specimens, suitable clamps and shims 
shall be used to maintain the specimens 
in a vertical position and to distribute 
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the load iiniformly over the test speci- 
mens. The oven temperature shall be' 
maintained at 100 F. for 15 min. and 
then increased 15 F. each 20 min. until 
the rubber separates from the metal. 
The temperature at which the bond fails 
shall be reported as the softening point 
of the test cement used in the specimen. 

Note.— With certain special adhesives, it may 
be desirable to employ very much larger loads 
than the 1 lb. specified. In these cases, the 
method may be modified accordingly but any 
such change must be clearly indicated with the 
reported results. 

Cold Flow 

Type of Test ' 

20. The cold flow test is intended to 
evaluate the tendency for surfaces 
bonded by means of the test cement to 
slip or be displaced when subjected to 
difference in stress for a sustained period. 
This yielding is considered to be due to 
cold flow of the adhesive. The test con- 
sists of subjecting a bonded specimen to 
a specified load for a prolonged period 
and measuring the elapsed time for 
failure of the bond. 

Preparation of Specimens 

21. Type 2 shear adhesion test speci- 
mens (Fig. 1) using the test cement shall 
be prepared in duplicate as specified in 
Section 18. 

Procedure 

22. The test specimens shall be hung 
with one metal end of each attached 
to a suitable support and a weight 
of 1 lb. (see Note, Section 19) shall 
be applied carefully without shock to 
the lower end of each specimen. In 
attaching the weight and suspending 
the specimens, suitable clamps and 
shims shall be used to maintain the 
specimens in a vertical position and to 
distribute the load uniformly over the 
test specimens. The loaded speciniens 


shall be maintained at the standard .test, 
conditions of temperature and humidity 
■(Section 5) and observed .hourly for 24 ' 
hr. or until the time of failure which 
shall be recorded as the bond failure 
time in the cold flow test. If no failure 
occurs in .24 hr., the load shall, be in-, ' 
creased to 1.5 lb. and the specimens ob- 
served for an additional 24 hr. as before. 
If the bond failure time is over 24 , hr. 
with the 1-lb. load and a second period 
with the heavier , weight is required, the' 
report shall indicate a, bond failure time 
of over 24 hr. under 1 lb. and also shall 
state the added time under 1.5Tb. re- 
quired for failure. 

Viscosity 

23. The viscosity of the cement shall 
be determined in accordance with the 
Standard Methods of Test for Viscosity 
and Total Solids Content of Rubber Ce- 
ments (A.S.T.M. Designation: D 553),® 
using a duplicate specimen for checking. 

Stability 

Type of Test 

24. The stability test provides a means 
for estimating the relative life of cements 
in usable form prior to application. 
When stored, even in containers, many 
cements jell because of slow vulcaniza- 
tion at ordinary temperatures or other 
physical or chemical changes and become 
unusable as adhesives. These changes 
are evidenced by change in viscosity of 
the cement. The test consists of sub- 
jecting a series of specimens of the ce- 
ment under specified conditions to an 
elevated temperature and determining 
the viscosity at intervals until a marked 
change occurs which time is taken as a 
measure of the stability of the cement. 

Procedure 

25. Twelve specimens of 250 ml. each 
of the test cement shal be measured into 
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glass test ' tubes approximately i | in. 
in diameter and 9f in. in length so that 
each tube is approximately two-thirds 
full. The tubes shall be fitted with 
small reflux condensers and placed in 
a constant temperature water bath at 
140 F. The viscosity of the test ce- 
ment shall be determined and recorded 
at the start of the test as specified in 
Section 23. After one week in the water 
bath, two of the tubes shall be removed, 
cooled to room temperature and meas- 
ured for viscosity as at the start of the 
test. If these specimens have jelled or 
show a marked increase in viscosity, all 
of the specimens shall be discarded and 
new ones started which shall be checked 
in pairs daily. If the original specimens 
show no appreciable change in viscosity, 
the heating shall be continued for five 
additional days with two specimens 
taken out each day for viscosity deter- 
minations until marked change in vis- 
cosity occurs or the cement jells. All 
viscosity results shall be recorded and re- 
ported. The number of days of heating 
to produce the change shall be reported 
as the stability number of the cement. 

Note.— W ith some special cements made 
from synthetic rubbers, the viscosity may in- 
crease progressively and the cement may be- 
come unusable before showing any sudden 
marked change indicating jelling. In such 
cas es, it may be desirable to test a series of speci- 
mens daily in the specified manner and plot the 
viscosity verszis time. The resulting curve may 
be used as the report and no stability number 
stated. The evaluation of the usability of the 
cement will depend upon the purpose for which 
it is intended and the materials to be bonded. 

Cold Brittleness' 

'Type of Test 

26. The test for cold brittleness is in- 
tended for use in evaluating and com- 
paring the resistance of cements to 
cracking or chipping when bent at low 
temperatures. A coat of the test ce- 
ment on an aluminum strip is cooled at 


specified temperatures for a. definite time 
after which the strip is bent in a pre- 
scribed. manner and examined visually 
for cracking or chipping of the cement 
coat. 

Procedure 

27. Six strips of aluminum'. alloy 1 in. 
in width by Sin. in length by 0.040 in. 
in thickness shall ■ be cleaned and ce- 
mented on one side forming a film of 
adhesive 0.001 in. in thickness as speci- 
fied in Section 10. The film shall com- 
pletely cover the one side of the metal. 
After being aged for at least 3 hr. under 
the standard atmospheric conditions (Sec- 
tion 5), two of the strips shall be placed 
in cold atmospheres at each of the follow- 
ing temperatures: 0 F., — 20 F., and — 40 
F. The strips shall be maintained at 
these temperatures for 30 min. and then 
immediately bent double over a mandrel 
I in. in diameter with the cemented side 
out and without removing them from 
the cold atmosphere. The coatings shall 
then be examined for visual signs of 
cracking or chipping. A qualitative 
statement of the results with the cement 
at each temperature shall be reported. 

Weight per Gallon 
A pparatus 

28. The weight per gallon of a cement 
shall be determined by use of a pyc- 
nometer calibrated for a volume of 83 3 
ml. at 77 zt 5 F. 

Procedure 

29. .The pycnometer shall be weighed 
in grams accurately to three significant 
figures. It shall then be filled with the 
calibration volume of the test cement 
which shall have " been stirred until 
homogeneous and shall be free from air 
bubbles andvthe fi.lled weight : in grams, 
shall be recorded. The weight per gal- 
lon of the cement shall be calculated by 
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dividing the difference in weight of the 
filled and empty pycnometer by 10. 

Plastic Deformation 
of .Test 

30. The test for plastic deformation is 
applicable only to heavy adhesives such 
as doughs, sealers, putties, etc. It is not 
suitable nor of use in the case of liquid 
adhesives. 

Procedure 

31, Two small spheres of the heavy 
adhesive approximately 1 in. in diameter 
shall be prepared by rolling in the hands. 
These spheres shall be placed on small 
watch glasses and heated in an air oven 
at 250 F. for 1 hr. The spheres shall 


then be removed and examined for flow 
or distortion. If . the spheres have 
suffered any marked change in ,, shape, 
the adhesive shall be reported. as subject 
to plastic flow in the defo,niiatioii test. 

Report 

Report 

'. 32 . The report shall include the fol- 
lowing: 

(1) Complete identification of the 
test sample of cement, 

(2) Date of test and date of manu- 
facture if known, 

(J) All observed and recorded data, 
and 

{4) Statement of the results obtained 
in each of the tests required. 



Tentative Method of Test for 

RESISTANCE OF ADHESIVE BONDS TO 
CHEMICAL REAGENTS’ 



A.S.T.M. Designation: D 896 - 46 T 

Issued, 1946.^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method is intended for the 
testing of all types of adhesives for 
resistance to chemical reagents. It in- 
cludes provisions for reporting loss in 
strength in accordance with A.S.T.M. 
methods of test for strength properties 
of adhesives (Note). 


Note. — Care shall be exercised in choice of 
materials with respect to adherend and con- 
tainers in that they are unaffected by the chemi- 
cals and solvents used in the test. 

if) Apparatus for making strength 
tests is specified in the method for the 
property to be measured (see Note, 
Section 1). 


Note.— See the Tentative Method of Test Standard Reagents^ 


for Tensile Properties of Adhesives (A.S.T.M. 
Designation: D 897)^ and the Tentative Method 
of Test for Peel or Stripping Strength of Adhe- 
sives (A.S.T.M. Designation: D 903) .3 Meth- 
ods of test covering other strength properties 
are in process of formulation by Committee 
D-14 on Adhesives. 

Apparatus 

2. ia) The apparatus shall consist of 
containers for test specimens and a 
cabinet for maintaining a temperature 
between 25 and 30 C. (77 and 86 F.). 


1 Under the standardization procedure of the Society, 
this method is under the jurisdictioa of the A.S.T.M. 
Committee D'14 on Adhesives. 

2 Accepted by the Administrative Committee on 
Standards, September 9, 1946. 

8 Appears in this publication, see Contents in Numeric 
Seauence of A.S.T.M. Designations at front of book. 


3. {d) Sulfuric Acid {30 per cent ), — 
Slowly add 199 ml. (366 g.) of H2SO4 
(sp. gr. 1.84) to. 853 ml. of water. 

{h) Sulfuric Acid {3 per cent ). — -Slowly 
add 16.6 ml. (30.6 g.) of H 2 SO 4 (sp. gr. 
1.84) to 988 ml. of water. 

(c) Sodium Hydroxide Solution {10 per 
ceiiiJ).— Dissolve 111 g. of NaOH in 998 
ml. of water. 

{d) Sodium Hydroxide Solution (i per 
Dissolve 10.1 g. of NaOH in 
999 ml. of water. 

{e) Ethyl Alcohol {95 per cent) — 
Undenatured ethyl alcohol. 


< Directions for preparation of reagents are for apiirox- 
imately 1-liter quantities. All percentages are by weight. 
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(/) Ethyl Alcohol {50 pef cent),---' AdA. Procedure 


598 ml (482 g.) of 95 per cent unde- 
natured ethyl alcohol to 434 mi. of water. 

(g) Acetone. 

(h) Ethyl Acetate^ c.p. 

(i) Ethylene Dichloride. 

(j) Carbon Tetrachloride^ c.p. 

(k) Toluene. 

{ly Ileptane.—Commeicml grade, boil- 
ing range 90 to 100 C. 

(m) Sodium Chloride Solution (10 per 
Add 107 g. of NaCl to 964 ml. of 

water. 

(n) Distilled PF ater . — Freshly pre- 
pared. 

Supplementary Reagents^ 

4. (a) Nitric Acid (10 per cent). — 
Add 108 ml (153 g.) of HNO 3 (sp. gr. 
1.42) to 901 ml. of water. 

(6) Hydrochloric Acid (10 per cent ). — 
Add 239 ml. (283 g.) of HCl (sp. gr. 
1.19) to 764 ml. of water. 

(c) Acetic Acid (5 per cent). — Add 48 
ml. (50.5 g.) of glacial acetic acid (sp. gr. 
1.05) to 955 ml. of water. 

(d) Oleic Acid, c.p. 

(e) Ammonium Hydroxide (10 per 
cent).—Md 375 ml. (336 g.) of NH 4 OH 
(sp. gr. 0.90) to 622 ml. of water. 

(/) Sodium Carbonate Solution (2 per 
cent).~Md 55 g. of NaaCOa-lOHsO to 
964 ml. of water. 

(g) Hydrogen Peroxide Solution (3 per 
cent, or U.S.P. 10 volume). — ^Add 98 ml. 
(108 g.) of commercial grade (100 
volume or 28 per cent) hydrogen peroxide 
to 90F ml. of water. 

Note. — Additional reagents may be substi- 
tuted for or supplemented to those listed in 
Section 4 on agreement between the purchaser 
and the manufacturer, provided such reagents 
are within the general scope of this method. 

Test Specimens ' 

5. The test specimens shall be identical 
with those required in A.S.T.M. methods 
of test for the strength properties to be 
measured (see Note, Section 1). 


6 . (a) Each ,specimen shall be placed 
in a separate container and totally im- 
mersed in a sufficient quantity of the 
reagent for 7 days at a temperature' be- 
tween 25 and 30 C. (77 and 86 F.) (Note) . 
The specimen shall be placed on edge in 
the container in the case of flat specimens 
so that it is supported at an angle from 
the bottom and side wall of the container. 
The reagent shall be stirred every 24 hr. 
by moderate manual rotation of the 
container. 

Note. — Choice of an alternate test tempera- 
ture is permissible u^on agreement between the 
purchaser and the manufacturer. 

(b) The individual specimen shall be 
removed from the reagent, the aqueous 
solution rinsed off with distilled water 
and wiped with a clean dry cloth. The 
strength of the specimen shall then be 
determined immediately at a tempera- 
ture between 25 and 30 C. (77 and 86 F.) 
in accordance with the specified 
A.S.T.M. method (see Note, Section 1). 

Report 

7. The report shall include the follow- 
ing information for each adhesive tested 
in all the standard reagents and any 
specified supplementary reagents: 

(1 ) Strength property of each specimen, 

(2) Percentage change in average 
strength during immersion for 7 days 
calculated to the nearest 0.01 per cent, 
taking the average strength property of 
untreated test specimens as 100 per cent. 

(3) General appearance and be- 
haviour of each specimen during and 
after immersion, 

(4) Type of specimen, 

(5) Trade name and type of adhesive 
used, 

( 6 ) A.S.T.M. designation of materials 
and test procedure used, and 

(7) Application, drying, and curing 
conditions used in preparing specimens 


Tentative Recommended Practice for 

DETERMINING THE EFFECT OF ARTIFICIAL 
(CARBON-ARC TYPE) AND NATURAL LIGHT 
ON THE PERMANENCE OF ADHESIVES' 


A.S.T.M. Designation: D 904”46T 
Issued, 1946.2 

This Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope The exposure unit^ shall consist of a 

L (a) This recommended practice is carbon-arc light source and suitable 

intended to define conditions for the mA 

exposure of adhesives in the form of Provided for measuring and controlling 
glued transparent or translucent as- cuirent-voltage of the lig it source, 
semblies to (/) artificial and (2) natural tei^pe^ 2 ,ture of the air surrounding the 

light sources. Where such information specimens, and exposure cycle, 
is of value, the same exposure conditions p) Light Source. A carbon-arc with 
may be used on adhesive film or any "^^/^ble transparent globe or window, 

other suitable form in which light may Specimen Supports. —Suppoits 

be a deteriorating factor. provided for mounting the 

(Z^) This recommended practice is specimens vertically and in such a 
limited to the method of obtaining the distnbution^ of 

exposure conditions and procedure to be obtained at the specimen. The 

followed, but does not cover methods of specimens shall be rotated around the 
test to be used in evaluating the effects ^5^ insure further uniform distribu- 
of the exposure. ' ' tion of light If , the specimens are 

' mounted both above and' below the 
Apparatus horizontal center line of the light source, 

2. The apparatus shall consist of the they may be mounted at an angle with 
following; the vertical not greater than 30 deg. so 

(a) Artificial Light Exposure Unit.— that the light from the arc has a normal 
yUnder the standardization procedure of the Society, 

this recommended practice is under the jurisdiction of the 8 Units which successfully fulfil! ail requirements of 
A.S.T.M. Committee B-U on Adhesives. this method are the Atlas Single and Twin Arc Apparatus 

2 Accepted by the Administrative Committee on (Alternating or Direct Current) , Atlas Fade Ometer, and 
Standards, December 31, 1946. the National Carbon Apparatus. 
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incidence upon the ^^speciniens. Speci- 
mens, above and below the horizontal 
line shall be transposed periodically to 
provide uniform distribution of the light 
over the face of the specimens. 

(3) Thermometer . — A suitable shielded 
thermometer for determining the temp- 
erature of the air at the position of the 
specimen in the drum.- 

(b) Natural Sunlight Exposure 
Rack . — ^The rack shall consist of any 
suitable framework on which the test 
specimens may be fastened at an angle 
of 45 deg. facing south. The specimens 
shall be protected from direct contact 
with other weathering elements and 
foreign matter by means of a transparent 
shield'^ which will allow transmission of 
normal solar radiation, but no attempt 
shall be made to control temperature or 
relative humidity surrounding the speci- 
mens. The roof of a building is a 
satisfactory location for an exposure 
rack. 

Test Specimens 

3. Test specimens shall be prepared 
and aged prior to test according to the 
recommendations of the manufacturer 
for use of the adhesive. These speci- 
mens shall be of a suitable form and 
number to meet the reciuirements of the 
investigation and shall conform in detail 
with the requirements prescribed in the 
Tentative Method of Test for Tensile 
Properties of Adhesives (A.S.T.M. Desig- 
nation: D 897),® the Tentative Method 
of Test for Peel or Stripping Strength of 
Adhesives (A.S.T.M. Designation: D 
903)v'^ or any other A.S.T.M. method of 
test pertaining to strength properties of 
adhesives for the desired strength test or 
with other established test methods such 
as for light transmission, haze, etc. 
Where visual inspection or arbitrary 

4 Pyrex glass. 9200 PX, has been found satisfactory for 
the shield. 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M , Designations at front of book. 


evaluation is resorted to, the specimens 
may be of any designated, shape and .size 
or in the form of a film. ■ 

Method of Test 

4. {a) Artificial Light— . test, 
specimens shall be firmly fastened: in^ 
their holders and the.ii exposed' 'to the 
carbon-arc light source. Check speci- 
mens, shielded from the light source, 
shall also be provided to determine any 
degradation resulting from temperature 
and humidity effects rather than radia- 
tion alone. The temperature of the air 
surrounding the specimens shall be 
maintained between 35 and 50 C. as 
measured by the shielded thermometer. 
Recommended exposure time shall be 

10 hr. or a multiple of 10 hr. unless a 
significant change can be expected in a 
shorter time. Exposure period may be 
repeated as often as desired. The units 
shall at all times be operated under the 
following conditions: 

(i) Atlas Single and Twin Arc 
Apparatus {Alternating Current). — The 
average for each trim or burning period 
shall be 135 v. ± 2 per cent and 16 amp. 
rb 2 per cent at the arc. During the 
burning period, the voltage may vary 
between 125 and 145 v. and the amperage 
between 15 and 18 amp. 

{2) Atlas Single and Twin Arc Appa- 
ratus {Direct Current). — The average 
for each trim or burning period shall be 
135 V.- ± 2 per cent and 12 amp. zt 2 per 
cent at the arc. During the burning 
period, the voltage may vary between, 
130 and 145 v. and the amperage between, 

11 and 13 amp. ■ 

(3) Atlas Fade Ometer.Same as pre- 
scribed in items {!) and (3) above. 

{4} National Apparatus.— Tht .aver- 
age for each ,trim. or burning period shall 
„be 50 V. ± 2 per cent .and 60 amp. ±, 2 
per cent at the arc. 

Filters (globes and windows) shall be 
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replaced after 2000 hi. of use,' or when 
pronounced discoloration or milkiness 
develops, whichever occurs first (Note), 
Filters shall be cleaned each day by 
washing with detergent and water. 

Note.— T he use of the Tentative Method of 
Calibrating a Light Source Used for Accelerating 
the Deterioration of Rubber (A.S.T.M. Designa- 
tion: D 749),® is suggested for checking the uni- 
formity of operation of the light source. 

(J) Natural Light . — The specimens 
shall be attached to the 45 deg. angle 
rack and the transparent shield placed in 
position. Check specimens shielded 
from the sun shall also be provided to 
determine any degradation resulting 
from temperature and humidity effects 
rather than radiation alone. Specimens 
shall be examined at 2-week intervals 
and final evaluation or testing conducted 
at a predetermined time. A suitable 
exposure period is one year, although it 
may be shorter or longer as agreed 
upon by the manufacturer and the 
purchaser. The transparent shield shall 
be cleaned and inspected at least once 


every two weeks and replaced at the 
first signs of discoloration or milkiness. 

Report 

5. The report shall include the^ 
following: 

(1) Complete identification of the 
adhesives and specimen materials used, 

(2) Method of preparation of speci- 
mens, including thickness of glue line or 
film, 

(5) Type and duration of exposure to 
light including a complete description of 
the exposure unit used for artificial 
light, and the geographical location, 
dates of the exposure period, and general 
climatic conditions for natural light. 

(4) Description of any visual changes 
in appearance that may have occurred 
during each exposure period for both the 
test and check specimens, 

(5) Results of any physical, chemical 
or other tests made to determine the 
extent of degradation resulting from the 
exposure. This shall also include tests 
on the check specimens. The test 
methods used shall be adequately 
described. 



Tentative Method of Test for 
PEEL OR STRIPPING STRENGTH OF ADHESIVES^ 



Desigaationr B 903 ““ 46 T 

Issued, 1946.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Introduction 

The accuracy of the results of strength tests of adhesive bonds will depend on the 
conditions under which the bonding process is carried out. Unless otherwise agreed 
upon by the manufacturer and the purchaser, the bonding conditions shall be pre- 
scribed by the manufacturer of the adhesive. In order to insure that complete 
information is available to the individual conducting the tests, the manufacturer of 
the adhesive shall furnish numerical values and other specific information for each 
of the following variables: 

(I) Procedure for preparation of surfaces prior to application of the adhesive, 
including the moisture content of wood, the cleaning and dr3dng of metal surfaces, and 
special surface treatments such as sanding which are not specifically limited by the 
pertinent test method. 

(3) Complete mixing directions for the adhesive. 

(J) Conditions for application of the adhesive including the rate of spread or thick- 
ness of film, number of coats to be applied, whether to be applied to one or both surfaces, 
and the conditions of drying where more than one coat is required. 

{ 4 ) Assembly conditions before application of pressure, including the room tempera- 
ture, length of time, and whether open or closed assembly is to be used. 

(5) Curing conditions, including the amount of pressure to be applied, the length of 
time under pressure and the temperature of the assembly when under pressure. It 
should be stated whether this temperature is that of the glue line, or of the atmosphere 
at which the assembly is to be maintained. 

(d) Conditioning procedure before testing, unless a standard procedure is specified, 
including the length of time, temperature, and relative humidity. 

A range may be prescribed for any variable by the manufacturer of the adhesive if 
it can be assumed by the test operator that any arbitrarily chosen value within such a 
range or any combination of such values for several variables will be acceptable to both 
the manufacturer and the purchaser of the adhesive. 


Scope : 

1. This method of test is intended for 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-14 on Adhesives. 

2 Accepted by the Administrative Committee on 
Standards, December 5, 1946. 


determining the comparative peel or 
stripping characteristics of adhesives 
when tested on standard sized specimens 
and under defined conditions of pre- 
treatment, temperature, and testing 
machine speed. 
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capacity that the maximuna applied 
tension during test shall not exceed' 85 
per cent nor be less than 15 per cent of 
the rated capacity. 

, (b) Condiiiming Room or Desiccators — 
A conditioning room capable of maim 
taining a relative humidity of 50 ± 5 
per' cent at 77 zh 2 F.,„ or desiccators 
filled with a saturated salt solution 
(Note) to give a relative humidity of 
50 ± 5 per cent at 77 ± 2 F. are re- 
quired for the conditioning of some 
specimens. 

Note. — A saturated salt solution of calcium 
nitrate will give approximately 51 per cent rela- 
tive humidity at the testing temperature. 


Apparatus 

3. The apparatus shall consist of the 
following: 

(а) Testing M achine. — power-driven 
machine, preferably of the inclination 
balance or pendulum type, which shall 
fulfill the following requirements: 

(I) The applied tension as measured 
and recorded shall be accurate within 
plus or minus 1 per cent. 

{2) Specimens shall be held in the 

testing machine by grips which clamp («) Test Specimen, w Specimens from Bonded Panel, 
firmly and prevent slipping at all times. Fig. 1.— Test Specimen. 

(J) The rate of travel of the power- 

actuated grip shall be 12 in. per min. Specimen 

This rate which provides a separation of 4. (a) The test specimen, shown in 
6 in. per min. shall be uniform through- Fig. 1(a), shall consist of one piece of 
out the tests. flexible material, 1 by 12 in., bonded for 

(4) The machine shall be operated 6 in. at one end to one piece of flexible or 
without any device for maintaining rigid material, 1 by 8 in., with the 
maximum load indication. In pendu- unbonded portions of each member 
lum-type machines, the weight lever being face to face. 

shall swing as a free pendulum without (b) In order to maintain a separation 
engagement of pawls. rate of 6 in. per min. the specimen shall 

(5) The machine shall be autographic be relatively nonextensible in the ex- 

giving a chart having the inches of pected loading range. Where a material 
separation as one axis and applied ten- is sufficiently extensible to lessen 
sion as the other axis of coordinates. radically the separation rate, it shall be 

(б) The machine shall be of such backed up with a suitable nonextensible 



Description of Terms 
2. (a). Peel /or Stripping Strength — 
The average load per unit width of bond 
line required to separate progressively 
one member from the other over the 
adhered surfaces at a separation angle 
of approximately 180 deg. and at a 
separation rate of 6 in. per min. It is 
expressed in pounds per inch of width. 

(b) Flexible . — ^The designation “flex- 
ible’^ in this test indicates a material of 
the proper flexural strength and thick- 
ness to permit a turn back at an approxi- 
mate 180-deg. angle in the expected 
loading range of the test without failure. 
In order to fulfill all terms of the def- 
inition, at least one of the adhered 
materials must be flexible. 
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material. In reporting such a test, the 
backing material and method shall be 
completely identified.^: 

(c) Test materials shall be thick 
enough to withstand the expected tensile 
pull but not ovei' I i^ thickness. 
Wlierever possible, the^ standard thick- 
ness, of specimens shall be: metals, 
plastics, .-rV w-oods, | in., rubber 
compounds, 0,075 in., and cotton duck, 
30 oz. per sq. yd. Other special ma- 
terials, as well as the standard materials, 
shall be completely identified in the test 
report as specified in Section 9. 

(d) At least ten test specimens shall be 
tested for each adhesive. 

(e) Any specimen whose test result is 
out of line due to some obvious flaw shall 
be discarded and retest made. 

Preparation of Test Specimen 

5. (a) Any preconditioning or special 
preparation of the areas to be bonded 
shall be done in accordance with the 
recommendations of the manufacturer of 
the adhesive. 

(b) All bonding shall be done in 
accordance with the procedure and 
recommendations as outlined by the 
manufacturer of the adhesive. 

(c) While individual specimens may 
be prepared, it is recommended that 
specimens be cut from bonded panels 
approximately 6 in. in width as shown in 
Fig. 1(5), so that five standard 1-in. wide 
specimens may be obtained from each 
panel. 

Conditioning 

6. (a) All specimens shall be con- 
ditioned for seven days by exposure to a 
relative humidity of 50 rfc 5 per cent at 
77 ± 2 F. or until equilibrium is reached, 
except where the adhesive manufacturer 
may specify such an aging period to be 
unnecessary or a shorter period to be 
adequate. 

(6) Special conditioning procedures 


may be used .by .agreement between the 
purchaser and the manufaGtiirer. 

Procedure 

7. (a) Testing shall be conducted,, as 
soon as possible after removal of the,' test 
specimens from the conditioning atmos-. 
phere and preferably under the same 

conditions. 

(b) The free end of the 1-in. wide 
flexible member shall be separated by 
hand from the other member for a dis- 
tance of about 1 in. The specimen shall 
then be placed in the testing machine 
b}^ clamping the free end of the 8-in, 
long member in one grip, turning back 
the free end of the flexible member and 
clamping it in the other grip as shown in 
Fig. 2. The separated end of the 



Fig, 2. — Specimen Under Test 

specimen, with all separate parts except 
the one under test securely gripped, 
shall be attached to the recording head 
by means of a clamp using care to adjust 
it symmetrically in order that the tension 
shall be distributed uniformly. Pro- 
vision shall be made to maintain the 
specimen during test approximately in 
the plane of the clamps. This may be 
done either by attaching the minimum 
weight required to the free end of the 
specimen or by holding the specimen 
against an alignment plate (Fig. 2) 
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attached to the stationary clamp. In 
either case the added weight shall be 
taken into : account in determining the 
load causing separation. The 1-in. wide 
flexible member shall be gripped sym- 
metrically and firmly without twisting 
in the power-actuated clamp. The auto- 
graphic mechanism and chart shall be 
adjusted to zero and the machine started. 
The separating member shall be stripped 
from the specimen approximately at an 
angle of 180 deg. and the separation 
continued for a sufficient distance to 
indicate the peel or stripping value. At 
least one half of the bonded area shall be 
peeled j even though a peel or stripping 
value may be indicated before this point. 

Calculations 

8. {a) The actual peel or stripping 
strength shall be determined by drawing 
on the autographic chart the best average 
load line which will accommodate the 
recorded curve. The load so indicated, 
corrected for any tare weight which 
may have been used with the specimen 
as described in Section 7 (6), expressed 
in pounds per inch of width for separa- 
tion at 6 in. per min. shall be reported 
as the peel or stripping strength for the 
particular specimen under test. 

(5) For each series of tests, the 


arithmetic mean of all the values ob- 
tained shall be calculated and reported 
as the “average value.” 

Report 

9. The report shall include the follow- 
ing: 

(i) Complete identification of the 
adhesive and specimen tested, including 
types, source, manufacturer’s code num- 
bers, form, etc., 

\2) Method of preparing test speci- 
mens, 

(i) Conditioning procedure used, 

{4) Testing room conditions, 

(5) Number of specimens tested, 

(d) Speed of testing, 

(7) Average value of peel or stripping 
strength, 

{8) Maximum and minimum strength 
values of the series, 

(P) Individual test values, individual 
autographic charts, and other statistical 
data requested by the purchaser, and 
{10) Type of failure; whether in 
adhesion, cohesion in the adliesive or 
in the material being bonded (Note). 

Note. — Cohesive or adhesive failure may be 
determined by observation. A cohesive failure 
is one which has occurred in the adhesive or 
specimen material itself. Adhesive failure re- 
fers to the lack of adherence to the materials 
being bonded. 



Tentative Method of Test for 
TENSILE PROPERTIES OF ADHESIVES’ 



A.S.T.M. Designation: B 897 ~ 46 T 

Issued, 1946.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedureSj 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Introduction 

The accuracy of the results of strength tests of adhesive bonds will depend on the 
conditions under which the bonding process is carried out. Unless otherwise agreed 
upon by the manufacturer and the purchaser, the bonding conditions shall be prescribed 
by the manufacturer of the adhesive. In order to insure that complete information is 
available to the individual conducting the tests, the manufacturer of the adhesive shall 
furnish numerical values and other specific information for each of the following 
variables: 

(i) Procedure for preparation of surfaces prior to application of the adhesive, includ- 
ing the moisture content of w- ood, the cleaning and drying of metal surfaces, and special 
surface treatments such as sanding w^hich are not specifically limited by the pertinent 
test method. 

{Z) Complete mixing directions for the adhesive. ^ 

(J) Conditions for application of the adhesive including the rate of spread or thick- 
ness of film, number of coats to be applied, w^hether to be applied to one or both sur- 
faces, and the conditions of drying where more than one coat is required. 

(4) Assembly conditions before application of pressure, including the room tempera- 
ture, length of time, and whether open or closed assembly is to be used. 

(5) Curing conditions, including the amount of pressure to be applied, the length of 
time under pressure and the temperature of the assembly w^hen under pressure. It 
should be stated whether this temperature is that of the glue line, or of the atmosphere 
at w-hich the assembly is to be maintained. 

(6) Conditioning procedure before testing, unless a standard procedure is specified, 
including the length of time, temperature, and relative humidity. 

A range may be prescribed for any variable by the manufacturer of the adhesive if it 
can be assumed by the test operator that any arbitrarily chosen value within such a 
range or any combination of such values for several variables wall be acceptable to both 
the manufacturer and the purchaser of the adhesive. 

Scope determining the comparative tensile 

1. This method of test is intended for properties of adhesives when tested on 

1 Under the standardization procedure of the Society, Standard shape specimens and Undcr 
this method is under the jurisdiction of the A.S.T.M. _ , ^ . , 

Committee D-14 on Adhesives. ' . defined conoitions 01 pretreatment, tem- 

Accepted by the Administrative Committee on 

S^^|ards^September 9, 1946; introduction added Novem- perature, and testing machine Speed. 
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Beseriptioii 

,2. : Tensile strength .is the maximum 
tensile load per unit area of original 
cross-section carried by a test specimen 
of the types herein . described during- a 
tension test. It is expressed in pounds 
per ..square .inch, 

Apparatus 

3, The apparatus shall consist of the 
following: 

(a) Testing Machine. — A testing 
machine capable of maintaining a speci- 
fied rate of loading and comprising 
essentially the following: 

(1) Fixed' Member. — A fixed or es- 
sentially stationary member, carrying 
one grip. 

(2) Movable Member. — k movable 
member, carrying a second grip. 

(3) Grips. — Grips for holding a test 
specimen between the fixed member and 
the movable member. These shall be 
of the self-aligning t3rpe. That is, they 
shall be attached to the fixed and mov- 
able member, respectively, in such a way 
that they will move into alignment as 
soon as any load is applied, so that the 
long axis of the test specimen will coin- 
cide with the direction of the applied 
pull through the center line of the grip 
assembly. While the design of grips 
of this type is optional one that has been 
found satisfactory is shown in Fig. 1. 



Nia r ■fOi'J' 


~ C-^-Diarri.- 

h- — ;; i?! " 


Diam. 


Corrosion Preventive Finish 

Fig. 1. — ^Test Grips (Cold-Rolled Steel). 


(b) Conditioning Room or Desiccators. 
—A conditioning room capable of main- 
taining a relative humidity of 50 zb 5 per 
cent at 77 zb 2 F., or desiccators filled 
with a saturated salt solution (Note) to 
give a relative humidity, of 50 zb 5 per 
cent at 77 zb 2 F. 

Note.^ — A saturated salt solution of calcium 
nitrate will give approximately 51 per cent 
relative humidity at the test temperature. 

Test Specimens 

,4. (a) Test specimens for wood-to- 
wood adhesives shall conform to the 
form and dimensions shown in Fig. 
2 {a). Hard maple {acer saccharum or 



(a) Wood Specimen f6) Metal Specimen. 

(Hard Maple) . 

Fig. 2. — ^Test Specimens. 

Nora.—Surfaces of metal specimens shall be ground 
flat and parallel. It is preferable to grind all metal speci- 
mens at the same time. 

acer nigrum) having a minimum, specific 
gravity of 0.65 based on oven-dry 
weight and volume, shall be used. This 
wood shall be of straight grain and free 
from defects including small knots, 
birdseye, short grain, and unusual dis- 
colorations wdthinthe test area. Blocks 
2J in. in width, 11 in. in length, and | in. 
in thickness, from which test specimens 
are to be made, shall be surfaced immedi- 
ately before gluing, and may be con- 
ditioned prior to surfacing as recom- 
mended by the manufacturer. If no 
moisture conditioning process is recom- 
mended by the manufacturer, blocks 
at the time of surfacing shall be at 
equilibrium condition (Section 6 {a)) 
resulting from exposure to a relative 
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humidity of 50' ± 5 per cent at 77 zb 2 F., 
The blocks shall be surfaced by the 
standard procedure as follows; Blocks 
shall be w^eiglied and assembled in pairs 
so that blocks of approximately the same 
specific gravity are glued together. The 
blocks shall be planed smooth, preferably 
with a hand-feed jointer, and the sur-‘ 
.faced, faces .laid together. The surfaces 
shall be planed , just before gluing, left 
uiisanded, and shall be free from dirt. 
Blocks shall then be glued as described 
in Section 5 and conditioned to their 
original moisture content, after which 
test specimens conforming to Fig. 2 {a) 
shall be prejrared. For machining to the 
dimensions specified in Fig. 2 (a) pieces 
2 by 2 in. shall be sawed from the glued 
hard maple block. 

(b) Test specimens for metal-to-metal 
adhesives shall conform to the form and 
dimensions shown in Fig. 2 (b). Metal 
specimens may be reused after testing 
by resurfacing by grinding flat and 
parallel those areas which contain the 
adhesive. Metals conforming to the 
following specifications of the American 
Society for Testing Materials are 
recommended: 


Metal A.S.T.M. Designation® 

Brass B 16 

Copper B 1.33, type A 

Aluminum B 211, alloy CG21 

Steel A 108, grade 1020 

Phosphor bronze B 139, grade B2 

Magnesium B 107, alloy AZ61X 

or Ml 

Nickel Silver... B 151, alloy B 


® These designations refer to the following specifica- 
tions; 

Specifications for Free-Cutting Brass Rod and Bar for Use 
in Screw Machines (A.S.T.M. Designation: B 16),* 
Specifications for Copper Rods, Bars, and Shapes (Tenta- 
tive) (A.S.T.M. Designation: B 133),* 

Specifications for Aluminum and Aluminum-Alloy Bars, 
Rods, and Wire (Tentative) (A.S.T.M. Designation: 
B 211),* 

Specifications for Cold-Finished Carbon-Steel Bars and 
Shafting (A.S.T.M. Designation: A 108),^ 

Specifications for Phosphor Bronze Rods, Bars, and Shapes 
(Tentative) (A.S.T.M. Designation: B 139),* 
Specifications for Magnesium-Base Alloy Bars, Rods, and 
Shapes (Tentative) (A.S.T.M. Designation: B 107),* and 
Specifications for Copper-Nickel-Zinc Alloy Rod, Bar, and 
Wire (Tentative) (A.S.T.M. Designation: B 151).* 


* 1946 Book of A.S.T.M. Standards, Part I-B. 
< 1946 Book of A.S.T.M. Standards, Part I-A. 


(c) At least ,10:, and preferably 20 
specimens- shall, be - tested . for .each 
adhesive in' the case of wood-to-wood 
adhesives. At least .10. test speci:mens 
shall be tested for each adhesive in the ■ 
case of metal-to-metal, adhesives.. .. 

(d) Specimens that break . at some' 
obviously fortuitous flaw remote from 
the glue line shall be discarded and 
retest madej, unless such flaws constitute . 
a variable the effect of which it is desired 
to study. 

GMng 

5. {a) Gluing shall be done' in accord-, 
ance with the procedure as outlined by ' 
■the manufacturer of the adhesive. 

(b) For wmod specimens a pair of 
maple blocks^ selected as described in 
Section 4 (a), 2| .in. in width; 11, in. in 
length; and f in. in thickness shall be 
glued together with the grain of the wood 
parallel in each piece. 

(c) For metal specimens preparation 
of areas which are to be cemented shall 
be in accordance with the recommenda- 
tions of the manufacturer of the adhesive. 

Conditiomng 

6. (a) Unless otherwise agreed upon 
by the purchaser and the manufacturer, 
all wood specimens shall be precondi- 
tioned by exposure to a relative humidity 
of 50 dz 5 per cent at 77 zfc 2 F. until 
they reach equilibrium, as determined by 
no progressive change in weight, 

(b) Preconditioning., is not required 
for metal-to-metal bonds. The adhesive, 
is ready for test when it lias been applied 
in accordance with Section 5. 

(c) Special conditioning procedures, 
may be used by agreement between the' 
purchaser and the manufacturer. 

Procedure 

7. (a) It is preferable that the testing' 
be carried out under the same conditions 
as prescribed in Section 6. 
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(&). The . specimen shall be placed in 
the grips of the testing machine, care 
being taken to align the specimen and 
the grips with an imaginary line joining 
the points of attachment of the grips to 
the machine. Wood-to-wood specimens 
shall be inserted so that the grain direc- 
tion is at right angles to the long hori- 
zontal axis of the slots in the grip. 
Loading of the specimen should be 
started as quickly as possible. 

(c) Speed of Testing , — Tension tests 
for all materials shall be made by 
applying a load to the specimen of 600 
to 700 lb. per min., or the crosshead 
speed of the testing machine shall be 
such that the load can be accurately 
weighed but shall not exceed 0.050 in. 
per min. (1.27 mm. per min.) when the 
machine is running idle. 

{d) Record . — Record the maximum 
load carried by the specimen at failure 
and also the following: 

(i) In the case of wood-to-wood 
adhesives record the percentage of glue 
failures, wood failures, and contact 
failures. This will be based on a visual 
inspection. 

{2) In the case of metal-to-metal 
adhesives record the percentage of 
cohesion, adhesion, and contact failures 
(Note). This will be based on a visual 
inspection. 

Note.— C ohesive failure may be obtained by 
observing how much of the failure has occurred 
in the adhesive itself. That is, if the cement has 
adhered to the metal test pieces and no voids 
are visual, it represents a 100 per cent cohesive 
failure. Adhesion failure refers to the lack of 


adhering to ' metals , being fastened. Contact 
failure refers to lack of glue lines being in contact 
due to uneven surfaces, poor pressure distribu- 
tion, etc. 

Calculations 

8. {a) Tensile strength of the wood-to- 
wood specimens shall be calculated by 
multiplying the breaking load by two. 
This result shall be expressed in pounds 
per square inch and if possible reported 
to three significant figures. 

(6) Tensile strength of the metal-to- 
metal specimens shall be the breaking 
load and shall be expressed in pounds 
per square inch and if possible reported 
to three significant figures. 

(c) For each series of tests the arith- 
metic mean of all the values obtained 
shall be calculated and reported as the 
^average value.’’ 

Report 

9. The report shall include the follow- 

(1) Complete identification of the 
material tested, including types, source, 
manufacturer’s code numbers, form, etc., 

(2) Method of preparing test speci- 
mens, 

(3) Conditioning procedure used, 

(4) Testing room conditions, 

(5) Number of specimens tested, 

{6) Speed of testing, and 

(7) Average value of the tensile 
strength, with an average value of the 
‘percentage of glue failure for the wood 
specimens or cohesion failure for the 
metal specimens. 
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Tentaiive Method of Test for 

ABSORPTION BY BIBULOUS PAPERS OF WATER AND 

WRITING INK* 



A.S.T.M* Designation: D 824 45 T 

Issued, 1945.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method^ of test covers the 
procedure for determining the rate at 
which unsized and absorbent papers will 
absorb water or ink. It is especially 
useful in testing the absorbency of 
toweling or blotting papers. It is not 
intended for use on sized papers of any 
kind (Note). This method is based on 
the determination of the length of time 
required to absorb completely a definite 
quantity of water or ink. 

Note. — The absorption test of sized papers 
should be made in accordance with the Standard 
Method of Test for Time of Penetration by 
Water of Sized Paper and Paper Products (Dry 
Indicator Method) (A.S.T.M. Designation: 
D779).^ 


^ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-6 on Paper and Paper Products. 

* Accepted by Committee E-10 on Standards, 
June 27, 1945. 

* For further information on this method the following 
references may be consulted: 

E. 0. Reed, “Determining the Absorbency of Paper,” 
Paper, Vol. 21, No. 19tj>. 14 (January 16, 1918). 

F. T. Carson and F. V. Worthington, “New Types of 
Equipment for Testing Paper,” Paper Trade Journal, Vol. 
95, Nu. 16, p. 59 (October 20, 1932). 

F. T. Carson, “Testing Paper for Permeability to 
Liquid,” Paper Trade Journal, Vol. 80, No. 10, p. 59 
(March 5, 1925). 

B- W. Scribner, “Standards for Paper Towels,” Circu- 
lar No 407, Nat. Bureau of Standards (1935). 

4 Appears in this publication^ see Contents in Numeric 
Sequence of A.S.TM. Designations at front of book. 


Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Pipette. — l-ml. measuring pi- 
pette^ graduated in divisions of 0.01 mL 
(J) Screen . — A 4-mesh wire screen. 

{c) Support.— k suitable support. 

(d) Watch Glass. 

{e) Stop Watch. 

Test Liquids 

3. (a) Water . — For testing water ab- 
sorption, distilled water is preferable, 
but water of ordinary purity (tap water) 
may be used. 

(b) Standard Ink.— P ot ink absorp- 
tion, use a standard ink having the fol- 
lowing composition: 


Tannic acid, g 11.7 

Gallic acid crystals, g 3.8 

Ferrous sulfate, g.. 15.0 

Hydrochloric acid dilute, g. . . 12.5 

Carbolic acid (phenol), g 1.0 

Soluble blue (Schultz No. 

539, Color Index 707), g. . . 3.5 

Water to make a volume 

of 1000 mi. at 
20 C. (68 F.) 


5 S. w. Reese and M. A. Vnutz, “A Water Absorbency 
Tester Using 0.1 cc. of Water,” Trade J our ml, Vol. 

100, No, 7, p. 33 (February 14, 1935). 
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All : chemicals used in preparing the ink 
shall be of c.p. quality. Some blue dyes 
react with . carbolic acid to cause a 'film 
having a' metalliG appearance and such 
dyes shall not be used. The ink shall be 
prepared as follows: Dissolve the tannic 
acid and gallic acid in about 400 ml. of 
water at about 50 C. (122 F.). In a sep- 
arate vessel, dissolve the ferrous sulfate 
in about 200 ml. of w^ater wdiich contains 
the hydrochloric acid. In a third vessel, 
dissolve the dye in about 200 ml. of 
water. Mix the three solutions in a 1- 
iiter volumetric flask, rinse the vessels 
with small portions of water, and add the 
rinsings to the flask. Add the carbolic 
add. Dilute with w^ater to 1 liter at 
20 C. (68F.). 

Test Specimen 

4. Each, test specimen shall consist of 
a single sheet of paper approximately 4 
by 4 in. The test specimens shall be cut 
from the sample in such a way as to be 
thoroughly representative of it. 

Procedure 

5. (a) The test shall be made in the 
atmospheric conditions and on condi- 
tioned paper in accordance with the 
Standard Method of Conditioning Paper 
and Paper Products for Testing (A.S. 
T.M. Designation; D 685).^ 

0) Place the test specimen on the 
4-mesh wire screen, which is slightly 
dished and supported by the edges, so 
that the liquid remains in a pool in the 
center. Fill the 1-mi. measuring pipette 
with the test liquid at a temperature 
of 23 zb 2 C. (73 ± 3.5 F.). Hold the 
pipette at an angle of about 30 deg. with 


the horizontal with the tip nearly in 
contact with the paper and allow the 
specified amount of the test liquid to flow 
on the specimen. For blotting paper, 
exactly 1 ml, of the standard ink shall be 
used and the time of delivery shall not 
be less than 4 noi' more than 6 sec. For 
other bibulous papers, such as paper 
toweling, 0.1 mb of water shall be em-, 
ployed- While the liquid , is flowing, 
keep the tip of the pipette in the drop 
until delivery is completed. 

(c) For samples having a slow rate of 
-absorption, that is, absorption time OA^er 
120 sec., cover the test specimen with a 
watch glass to prevent evaporation. 

(d) Measure with a stop watch the 
time of absorption in seconds, from the 
start of flow of liquid until it is com- 
pletely absorbed as indicated by no 
further reflection of light from it when 
viewed at an angle. An equal numbei 
of tests shall be made on each side of the 
paper and not less than ten specimens 
shall be tested. 

Report 

6. The report shall include the fol- 
lowing: 

(i) The nature of the test liquid! 
employed, 

(3) The amount of the test liquid, 
completely absorbed, and 

(J) The minimum, maximum, and! 
average absorption time in seconds. 

Reproducibility 

, 7, The reproducibility of average test 
results secured by this method is usually 
within 5 per cent. 
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Tentative Method of Test for 
ADHESIVENESS OF GUMMED TAPEi 



A.S.T.M. Designation: B 773 '-44 T 
Issued, 1944.2 

This Tentative Method has been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, This method covers the procedure 
for determining the adhesiveness of 
gummed sealing tape not less than 2 in. 
in widths used for sealing shipping con- 
tainers , when tested under the conditions 
specified herein. 


Note. — The test results are indicative of 
how well the tape will adhere and whether it 
will adhere wnth satisfactory rapidity in the 
sealing operation. The results do not neces- 
sarily indicate how a given tape will behave 
w'hen stuck to other surfaces than the Kraft 
paper specified, nor how well it will maintain its 
adhesiveness over a period of time. 


Apparatus 

2. The testing apparatus shall be the 
Harndeii-McLaurin gummed tape tester 
which consists of the following: 

(a) Two adjacent platens in the same 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

For further information on this method the following 
references should be consulted: 

George H. Hamden, “Determining the Adhesive 
Strength of Gummed Tape,” ASTM Bulletin, Am. 
Soc. Testing Mats., No. 98, May, 1939, p. 23. 

C. G. Weber, “Testing the Adhesive Strength of 
Gummed Paper Sealing Tape,” Modern Packaging, Vol, 
15, No. 4, December, 1941, p. 66. 

2 Accepted by the Society at animal meeting, June, 1944. 


horizontal plane forming a table-like top 
divided in the center and balanced, and 
so pivoted that, on releasing them, the 
adjacent edges tilt upward and apart. 

{h) A means for actuating the platens. 

(c) A means of holding the test paper 
firmly in place on top of the platens with 
a tilting clamp across each platen, the 
front edge of each clamp being 2 in. from 
and parallel to the division between the 
platens. 

(d) A scale with pointer for registering 
the retardation of the swing of the 
platens which results from the resistance 
of the gum of the tape. 

(e) A roll-feed, lever-operated mois- 
tener for moistening the guni. The 
moistener shall have a single brash set 
in a pan of water so constructed as to 
maintain a .constant water level. , The^ 
depth of the water shall be not less than 
I in., and the brush shall. extend 1.7 in. 
(43 mm.) above the surface of .' the water. ■ 
■ (f) A motor-driven roller .with, auto- 
matic timing for pressing the test speci- 
men on the test paper. It shall be made 
of iron, 3| in. in width, 4| in, in diameter, 
having a covering of sponge, rubber | in. 
in thickness on, the circumferential sur- 

^ face, and shall weigh 16| lb. ■ ■ 
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(g) A device for feeding a test speci- 
men which shall be set to deliver a piece 
of moistened tape 5.5 zfc 0.1 in. in length. 

(/?) A mechanism for synchronized 
automatic operation of the moving parts. 

Calibration of Apparatus 

3. Each new testing machine shall 
have been calibrated by the manufac- 
turer against the master calibrating in- 
strument at each 10-point interval in the 
range of 15 to 85, and shall be recali- 
brated by the manufacturer whenever 
found necessary. 

Test Paper' 

4. (a) The test paper® shall be 
gummed Kraft conforming to the follow- 
ing requirements: 

Maximum Minimum 

Basis weight (24 by 36 in., 

480 sheets), ib 95 85 

Thickness, in. 0.008 0.0074 

Bursting strength, points . ... 90 

Smoothness (Bekk tester), 

each side, sec. 35 15 

Water resistance (dry-in- 
dicator method), sec. 175 125 

(&) The sheets of test paper shall be 6 
by 9 in. with the grain parallel to the 
longer dimension. 

(c) The sheets of test paper shall be 
conditioned separately for not less than 
12 hr. according to the Standard Method 
of Conditioning Paper and Paper Prod- 
ucts for Testing (A.S.T.M. Designation: 
D 685).^ 

Test Specimens 

5. {a) The test specimens shall consist 
of not less than 24 strips, each 5| in. in 
length, and cut during the test from each 
sample roll of tape to be tested. 

(b) The sample rolls of gummed tape 
shall not be conditioned for testing and 


* The testing paper may be obtained from the 
Gummed Industries Assn., 19 W. 44th Street, New York, 
N.Y. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


shall be kept tightly wound until the test 
is begun. 

Procedure 

6. (a) The test shall be made in an 
atmosphere maintained in accordance 
with A.S.T.M. Method D 685. 

(b) The apparatus shall be examined 
to make certain that the machine is level 
in both directions, that the pointer gives 
a zero reading when the machine is oper- 
ated without load, and that the moisten- 
ing device contains distilled water at the 
same temperature as the testing room. 

(c) The moistening brush shall be pre- 
pared for testing by washing in lukewarm 
water, and then soaking it for 30 min. in 
distilled water. If the brush is in con- 
tinuous use, it shall be cleaned after 
testing each sample roll of tape, and at 
least every 2 hr. 

(d) A sheet of the test paper shall be 
placed on the table of the machine, 
clamped securely, and with a sharp knife 
slit through the center over the opening 
between the platens. The test specimen 
shall then be cut from the sample roll, 
discarding 15 layers before cutting the 
specimen. The roll shall be placed in 
the moistener and a strip of tape 5| in. 
in length fed over the moistening brush 
by operating the feed lever. The test 
specimen shall be cut immediately and 
laid lightly on the test paper, taking care 
to center it lengthwise over the cut in 
the test paper. The machine automati- 
cally passes the roll over the test speci- 
men and trips the platens. The interval 
between the cutting of the test specimen 
and the tripping of the mechanism shall 
be 5 sec. with one cycle of rolling. At 
least 24 consecutive specimens of each 
sample roll shall be tested, making an 
equal number of tests on each side of the 
test paper. 

(e) Scale readings below 15 units or 
above 85 units are not regarded as de- 
pendable. Results shall be disregarded 
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if the test specimen breaks or the pendu- 
lum hesitates. 

Report 

7. The report shall include the fol- 
lowing: 


: ■(!) The average, mininium, and 
maximum points of, adhesive strength, 
expressed to the nearest whole number, 

and 

. ( 2 ) Width of the tape tested in 

inches. 
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Tentative Method of Test for 


EDGE TEARING STRENGTH OF PAPERS 



A,S.T,M. Designation: D 827 ~ 45 T 
Issued, 1945.* 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test covers the 
procedure for determining the edge 
tearing strength of paper. A strip of 
paper of a specified size is simuitaneously 
torn at opposite pioints at the edges of 
the strip by means of a thin V-notched 
beam held in a stirrup which is fastened 
in one of the clamps of a tension testing 
machine. The use of this test shall be 
limited to papers which will fold evenly 
over the V-iiotched beam. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Edge Tear Stirruf, — k Finch edge 
tear stirrup (Fig. 1) shall be used, at- 
tached to a suitable pendulum type 
tension testing machine. The edge tear 
stirrup consists of a thin steel plate 
which forms a horizontal beam supported 
on edge by the ends of a stirrup-shaped 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A,S.T.M. 
Committee D-6 on Taper and Paper Products. 

> Accepted by Committee E-IO on Standards* June 27, 
IMS. 


frame. The thin metal tang of the 
stirrup frame is fastened in the lower 
clamp of the tension testing machine so 
that the vertical center line of the stirrup 
coincides with the line connecting the 
mid-points of the upper and lower 
clamps. The horizontal beam is remov- 
able from the stirrup frame and two 
beams of different thicknesses are fur- 
nished for use with papers of different 
thickness ranges, The edge of the 
beam forms a shallow V-notch, the sides 
of which subtend an angle 150 ± 1 deg. 
The sides of The V-notch are semi- 
circular in cross-section and are formed 
either by filing and' scraping with a 
semicircular-shaped scraper or by solder- 
ing a drill rod of a diameter equal to. the 
thickness of the beam, to the edges of 
the V-notch. In either case the, edges 
of the V-notch shall be smooth and 
straight. 

{h) Tension Testing: .Machine.— The 
tension testing machine shall be of the 
pendulum t 3 q>e, power .or hand . driven, 
preferably equipped with twO' or three 
different pendulum weights and. cor- 
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responding scales of different capacities, 
including scales with capacities of 0 to 1 
kg. (0 to 2.2 lb.), and 0 to 5 kg. (0 to 11 
lb.). It shall conform to the require- 
ments prescribed in Section 2 of the 
Tentative Method of Test for Tensile 
Breaking Strength of Paper and Paper 
Products (A.S.T.M. Designation: D 828).^ 
It shall be ca.librated as described in 
Section 3 of A.S.T.M, Method D 828. 



Test Specimens 

3. (a) The test specimens shall be cut 
from samples selected as prescribed in 
the Standard Method of Sampling Paper 
and Paper Products (A.S.T.M. Designa- 
tion; D 585).® If desired and if possible, 
the specimens shall be cut in the two 
principal directions of the sheet (Note). 
Specimens shall be strips ' cut straight 
and parallel with smooth edges and shall 


® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


,be.not..more than 2.54. cm. (100 in.).. nor 
less than 1.5 cm. (0.59 in.) in width and 
not less than 25 cm. (10 in.) in length, 
preferably somewhat longer. 

. ■ Note. — Since the specimen is ^ stressed in a 
very limited area the results are subject to a 
wider variation than in a test such as the tensile 
strength test. For this reason,. it is desirable to 
test at least, ten specimens ‘cut from either "or 
both ■ principal directions of the sheet. 

(b) The test specimens shall be con- 
ditioned in accordance with the Standard 
Method of Conditioning Paper and 
Paper Products for Testing (A.S.T.M. 
Designation: D 685).® 

Procedure 

4. (a) Make the test in an atmosphere 
conditioned in accordance with A.S.T.M. 
Method D 685. 

(b) Beam Thickness . — Attach a beam 
of the proper thickness to the stirrup 
frame. The beam thickness shall be 
selected with reference to the paper 


thickness as follows: 

Paper Thickness, in. 

Beam Thickness, 
in. 


0.050 ± 0.002 

Over 0.030 

0.100 db 0.002 



(c) Fasten the thin tang of the stirrup 
in the lower clamp (Note) of the tension 
testing macliine so that the vertical 
center line of the stirrup coincides with 
the line connecting the mid-points of 
the upper and lo'wer clamps of the testing 
machine, and so . that the sides of the 
V-notch are symmetrically located, with 
the line through the mid-points of the 
clamps. 

Note. — The .stirrup may be. fastened in '.the 
upper clamp, if desired. This procedure will 
require rebalancing, the tension testing machine 
to compensate for the weight of the stirrup.' 

(d) . Place the lower clamp, of the 
machine so that the lower edge .of the, 
upper clamp is about 9 cm. (3.5 in.) 

. above the V-notched beam. ^ 
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(e) Thread the test specimeE through 
the stirrup^ under the beam, and bring 
the two. ends together and fasten them 
in the upper clamp. In this operation, 
most of the slack in the specimen is 
taken up, but care shall be exercised 
not to apply sufficient stress to start 
tearing the specimen. 

(/) Apply a tearing force to the speci- 
men by applying the load at a rate con- 
forming to that prescribed in Section 
S(c) of A.S.T.M. Method D 828, namely, 
that the rate of loading shall be adjusted 
so that tearing occurs in not less than S 
nor more than 15 sec. Make the ap- 
plication of the first increments of load 
to the specimen very slowly, if possible, 


to minimize abnormal strains due to 
inertia effects. 

Report 

5. The report shall include the fol- 
lowing: 

(1) The average, minimum, and maxi- 
mum edge tearing strengths in kilo- 
grams or pounds (to two significant 
figures) for each of the two principal 
directions of the sheet tested, 

(2) The thickness of the beam used, 

(3) Rate of travel of lower clamp, 

(4) The width and thickness of the 
test specimens, and 

(5) The number of specimens tested. 
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Tentative Method of 

QUALITATIVE EXAMINATION OF MINERAL FILLER 
AND MINERAL COATING OF PAPER' 



A.S.T.M. Designation: D 686 - 46 T 
Issued, 1942; Revised, 1943, 1946.- 

This Tentative Method has been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the procedure 
for the qualitative determination of the 
mineral constituents of filled and coated 
papers. 

Reagents 

2. {a) Hydrochloric Acid {sp. gr, 
1.12 ), — Mix 500 ml. of reagent grade 
HCl (sp. gr. 1.19) with 400 mi. of dis- 
tilled water. (A 30 per cent solution of 
H2O2 may be used in proportionately 
lesser quantity.) 

(b) Sulfuric Acid (sp. gr. 1.84). — Re- 
agent grade H2SO4. 

(^;) Diluted Sulfuric Acid (5:95 ). — 
Into 950 ml. of distilled water, pour 50 
ml of H2SO4 (sp. gr. 1.84) while stirring 
constantly. 

(d) Acetic Acid (sp. gr. 1.058 ). — 
Reagent grade glacial HC2H3O2. 

(e) Ammonium Hydroxide (sp. gr. 
0.90 ). — Reagent grade NH4OH. 

(/) Sodium Hydroxide Solution.— 
Dissolve 100 g. of c.p. NaOH in 1 liter 
of distilled water. 


* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

* I.atest revision accepted by the Society at annual 
meeting, June, 1946. 


(g) Ammonium Sulfate.— C.^. 

(NH4)2S04 crystals. 

(h) Ammofiium Carbonate Solution.— 
Dissolve 250 g. of c.p. (NH4)2C03*H20 
in 1 liter of distilled water and add 100 
ml. of NH4OH (sp. gr. 0.90). 

(i) Ammonium Chloride Solution . — 
Dissolve 100 g. of c.p. NH4CI in 1 liter 
of distilled water. 

(j) Barium Chloride Solution. — Dis- 
solve 100 g. of BaCl2 *21120 in 1 liter 
of distilled water. 

(k) Cobalt Nitrate Solution. — Dissolve 
10 g. of c.p. Co(N 03)2-6H20 in 100 ml. 
of distilled water. 

if) Hydrogen Peroxide (3 per cent ). — • 
Prepare a solution of U.S.P. H2O2 con- 
taining about 3 per cent H2O2 by weight. 

(m) Potassium Ferrocyaniie Solution. 
— Dissolve 15 g. of c.p. K4Fe(CN)6' 
3H2O in 1 liter of distilled water. 

(n) Potassium Bichromate Solution. — 
Dissolve 49 g. of c.p. K2Cr207 in 1 liter 
of distilled water. 

( 0 ) M agnesium Reagent . — D issolve 0.5 
g. of para-nitrobenzeneazorescorcinol in 
NaOH (1 per cent) and dilute to 100 ml. 
with ethyl alcohol (95 per cent). 

(p) Sodium Carbonate (Na2COs).— 
c.p., powdered. 
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Micr acosmic Salt Solution. — ^Dis- 
solve .50. g. of .NaNH 4 HP 04 in water and 
dilute to 1 liter. 

. : (f) Lead. Acetate Paper. — Prepare lead 
acetate indicator paper by immersing 
strips of filter paper in a fresh saturated 
solution of c.p. Pb(G 2 H 302 )r 3 H 20 . 

(s) Platinum Wire. 

(t) . Charcoal Block. 

Test Specimens ' 

3. The test specimens shall be cut 
from the sample in such a way as to be 
thoroughly representative of the paper. 
Each specimen shall be of sufficient size 
to yield at least 0.1 g. of ash. 

Procedure 

4. (a) If separate analyses of filling 
materials and coating materials are 
•desired, remove the coating from the test 
specimens by the procedure described in 
the Standard Method for Quantitative 
Determination of Coating on Mineral- 
Coated Paper (A.S.T.M, Designation: 
D 687) of the American Society for 
Testing Materials.® Evaporate to dry- 
ness the aqueous mixture thus obtained 
and make analyses on this residue and 
on the base stock. 

(b) Tests for components that may 
alter their form on ashing shall be made 
on unignited test specimens as follows: 

(1) To a portion of the unignited 
coating or specimen, add HCl (sp. 
gr. 1.12) with caution; effervescence 
indicates the presence of a carbonate, 
which may be checked in the usual 
way by testing the evolved gas with 
lime water, 

(2) To a small portion of the HCI 
solution, add a drop or two of K 2 Cr 207 
solution; a green coloration indicates 
sulfite. 

(3) Heat the contents of the beaker 
to boiling and test the fumes with 

® Appears in this publicatioBj see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


moistened lead acetate paper;' the 
development of a metallic gray or 
black color indicates the presence of 
sulfide. 

Note. — So far as is known, mixtures of sul- 
fides and sulfites are not used in loading or 
coating paper. To test for CO 2 in tiie presence 
of sulfites, add to the contents of the beaker a 
weak solution of iodine (about 0.1 A/) until the 
liquid becomes yellow. Sulfites are oxidized to 
sulfates. Test the evolved gas for CO 2 in the 
usual manner with lime water. 

(c) Ignite a test specimen in accord- 
ance with the procedure described in the 
Standard Method of Test for Ash Con- 
tent of Paper and Paper Products 
(A.S.T.M. Designation: D 586) of the 
American Society for Testing Materials.® 
Divide the ash into three portions, each 
of which shall contain not less than O.OS 
g. of mineral matter, and place two 
portions in separate 250-mL beakers. 

(d) To one portion of the ash (Para- 
graph (c)), add 10 g. of (NH 4 ) 2 S 04 and 
20 ml. of H 2 SO 4 (sp. gr. 1.84). Cover 
with a watch glass, boil vigorously for 
at least 3 min., allow to cool, and exam- 
ine as follows: 

(1) Considerable undissolved mat- 
ter indicates the presence of aluminum 
and/or magnesium silicates, and/or 
diatomaceous earth. If the solution is 
clear, aluminum or magnesium silicates 
and diatomaceous earth are absent. 
(Calcium and barium sulfates will 
not be in an undissolved state unless 
the sample being tested is more 
than 0.5 g.) 

(2) Add water cautiously to the cool 
solution' and adjust the volume to 
about 125 ml.; the formation of a 
precipitate indicates the presence of 
barium sulfate, 

(3) Add 'H 2 O 2 '(3 -per cent) to the, 
■ solution, which' will turn a yellow to 

orange color if titanium is present, the 
color developed being dependent on 
the amount of titanium present. 
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(4) If tMere is a residue when the 
sample is more than 0,5 g. or a precipi- 
tate from the treatment of the ash 
with H 2 SO 4 (Paragraph {d))y filter,- . 
wash with H 2 SO 4 (5:95), and make a 
flame test with the platinum wire; a 
green flame indicates the presence of 
barium, a red flame indicates calcium, 
and a ^mllow to colorless flame indi- 
cates aluminum or magnesium sili- 
cates, or both. 

(e) To the second portion of the ash 
(Paragraph (c))^ cautiously add HCi., 
(sp, gr. 1:.12); an effervescence indicates* 
the presence of a carbonate or sulfite. 
(This is a check on the addition of the 
acid to a portion of the original paper.) 

(1) To a small portion of this solu- 

tion, add a drop or two of K 2 Cr 207 
solution; a green ; coloration indicates 
, sulfite, - ,, , 

(2) Heat the contents of the beaker 
to boiling and test the fumes with 
moistened lead acetate paper; the 

^ development of' a metallic gray or 
black color indicates the presence of 
sulfites. (This test checks that made 
on the original specimen of paper. 
Sulfates may be reduced to sulfides, 
or -sulfides oxidized to sulfates, de- 
pending on ignition conditions.) 

(/) If there is an insoluble residue 
from the treatment of - the ash with HCI 
(Paragraph {< 5 )), decant- the solution 
tlirough a filter paper and dilute the 
filtrate to a volume of 125 to 150 ml 
Divide the resulting solution into four 
portions. 

: (1) To the first portion add BaCh 
solution; a precipitate indicates the' 
presence of sulfates soluble in HCI. 

(2) To the second portion add 
: ,K 4 Fe(CN )6 solution; the presence of a 
white precipitate . -indicates zinc. 

,(J) To the third portion add one or 
two' drops of the magnesium reagent 
and make alkaline with NaOH solu- 
■ tion; magnesium forms a sky-blue - 


precipitate while all other minerals 
■commonly used in paper, give a violet 
coloration to the solution. -Take ."care 

■ not to add in excess of the reagent, 
..since it is liable to mask the blue 
. precipitate. In ' this case, filter the 
■- solutio.n and examine the .filter paper 
■■ ■ for the presence of a blue, p.re'cipitate. 

(4) To the fourth portion . add . an 
- excess of NIHOH and NIHCl - solu- 
tions. Aluminum will appear as a 
white floe if it is present in acid-soluble 
form. Filter and. add ' (NH 4 ) 2 COs 

■ solution to the - filtrate. .Barium and 
calcium will be indicated by a white 
precipitate. Without filtering, make 
the ■ solution, acid ^ with... acetic acid 
(which dissolves the precipitate), after 

...which add' .K 2 Cr 207 , solution. , ...If 
, ba.rium is in . acid-soluble form, its 
existence will be shown by the forma- 
tion of a yellow., precipitate. Filter 
and add an excess of , (NH 4 ) 2 COs 
solution. Since barium is . removed 
by ■ the' preceding, step, a white precipi- 
tate indicates calcium. This, may be 
checked by a flame- test 
(g) Mix the third portion with an 
excess of sodium carbonate on a charcoal 
block, and moisten with a small amount 
of, cobalt nitrate solution. Aiuminum 
will' give a permanent blue coloration 
upon heating with a blowtorch flame. 
(Care should be taken not, mask the.blue 
coloration by the use of an excess of 
cobalt nitrate solution.) 

■ {h) Place the unfolded filter paper con- 
taining the acid-insolubie residue ,(P.ara- 
graph (/)) .in a platinum crucible 
(Note, 1). Dry., and ignite with' free 
.access of air until all organic matter is 
removed. Add l.to 2 g. of NagCOs .and, 
fuse until a- clear, melt is obtained or ail 
..reaction has , ceased. Decompose the 
...melt in 25 ml of hot water, heat to boil- 
, ing,. and wash, thoroughly, with water. 
'.Reserve the filtrate and -first two wash- 
ings for analysis-, of the .w^ater soluble 
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portion according to (1) below. Wash 
the insoluble portion from the filter paper 
back into the original beaker with a 
stream of water, place the beaker under 
the funnel and pour 10 ml. of hot reagent 
grade HCl (sp. gr. 1,18) through the filter 
paper. Reserve the contents of the 
beaker for analysis of the water insoluble 
portion according to (2) below. 

(1) Acidify the w^ater soluble portion 
wdth HCl, evaporate to dryness, and 
bake at 100 to 105 C. for 1 hr. Moisten 
the residue with reagent grade HCl (sp. 
gr. 1.18), let stand for a few minutes, add 
5 to 10 ml. of diluted HCl and warm. 
The presence of silicate is indicated by a 
light, flocculent insoluble residue in the 
solution, best observed against a dark 
background. Filter and add BaCU solu- 
tion to a portion of the filtrate. A pre- 
cipitate indicates sulfates. To another 
portion of the filtrate add NH4OH. A 
precipitate indicates aluminum. 

(2) Warm the acid solution of the 
water-insoluble portion, add 50 ml. of 
water, boil and add a very slight excess of 
NH4OH to precipitate aluminum (and 
iron). Filter and wash, reserving the 
precipitate for analysis according to (3) 
below. Add 5 ml. of dilute H2SO4 
(5:95). A precipitate indicates barium. 
Boil and filter. Add a slight excess of 
NH4OH to the filtrate follow^ed by am- 
monium oxalate solution to insure the 
absence of calcium, filtering if any pre- 
cipitate results. Cool the solution and 
add 5 ml. of NH3OH and an excess of 
microcosmic salt solution. Stir well. If 
a precipitate forms within 15 min., the 
presence of magnesium is indicated. 

(J) Wash the insoluble precipitate ob- 
tained by the NH4OH treatment in (2) 
above with water and transfer it to the 
original beaker with a stream of water 
(Note 2). Add 5 ml. of HCl and warm. 
If solution is not complete, add 3 ml. 
of reagent grade H2SO4 (sp. gr. 1.84) and 
heat under a hood until SO3 fumes are 


formed. Cool and dilute to 35 ml. Any 
barium sulfate not decomposed by the 
Na 2 C 03 fusion will be insoluble and 
should be removed by filtration. Make 
solution neutral with NaOH solution plus 
an additional volume equal to that of the 
neutralized solution. Boil, cool and 
filter. An insoluble precipitate indicates 
titanium. Neutralize the filtrate with 
HCl (sp. gr. 1.12), boil and add a slight 
excess of NH4OH. A precipitate indi- 
cates aluminum. 

Note 1. — The procedure described in Para- 
graph (h) will serve as a check on the examina- 
tion as outlined in Paragraphs (a) to (g). 

Note 2. — ^The procedure described in (3) is 
necessary only if both titanium and HCl-in- 
soluble aluminum compounds are present, and 
it is desired to estimate the relative amounts 
of each. 

Interpretation of Results 

5. (a) Carbonates together with con- 
siderable acid soluble calcium indicate 
the presence of calcium carbonate which 
may exist as chalk or whiting. If 
HCl-soluble magnesium is also present, a 
mixture of calcium and magnesium 
carbonates is indicated. A combination 
of barium and carbonate may exist as 
witherite. Barium in this form will be 
shown in the HCl-treated portion of the 
ash, as barium sulfate is insoluble in 
diluted HCl (sp. gr. 1.12). 

(b) The use of sulfides as filling or 
coating materials in the paper industry 
is restricted to zinc sulfide alone or in 
combination with barium sulfate (litho- 
pone). A positive test for zinc in the 
absence of sulfide indicates the use of 
zinc oxide in the paper. A combination 
of the oxide and the sulfide cannot be 
identified as such. 

{c) A positive test for acid-soluble 
sulfates and calcium indicates the use of 
calcium sulfate as crown filler, gypsum, 
or satin white, etc. If considerable 
HCl-soluble aluminum is also present 
in the coating, the mineral used may be 
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satin ; white. If carbonates are used in fixe) is indicated by the formation of a 
conjunction^ with sulfides, there may precipitate on the dilution of theH2S04 
be a positive test for sulfates when solution and by a ■ positive flame test 
none are present. ' for barium on the residue., 

(d) A positive test for calcium and (h) Titanium may be present as 

sulfite indicates the presence of calcium titanium dioxide alone or combined with 
sulfite. barium or calcium sulfates. If domestic 

(e) The presence of considerable mag- clays are used, a faint test for titanium 
nesium and silicate indicates the use of may be obtained as titanium’ may. be 
talc, agalite, or asbestine. Silica may present in small amounts in such clays, 
also indicate the presence of diatoma- 

ceous earth. The characteristic diatom Report 
forms may be readily recognized on 

microscopic examination, . 6. Report all cations and anions and 

(/) The residue from the portion of the radicles found present indicating the 
ash treated with H2SO4 (sp. gr. 1 . 84 ) relative amounts of each, such as trace, 
may be clay, talc, diatomaceous earth, slight amount, considerable, large 
or a mixture of these substances. A amount, etc. The report should also 
positive test for aluminum indicates that interpret the results of the analysis in 
clay was used. terms of the fillers or mineral coating 

(g) Barium sulfate (barytes or blanc materials indicated to be present. 


Explanatory Note 

Note. — The following references may be of F. P. Treadwell and W. T. Hall, “Analyticia 
interest in connection with this method of Chemistry,” Ninth Edition, John Wiley & 

analysis: Sons, Inc., New York, N. Y. (1937). 

R. C, Griffin, “Technical Methods of Analysis,” J. P. MehHg and K. R. Johnson, “Test for 
Second Edition, McGraw-Hill Book Co., Magnesium with ^-Nitrobeii 2 eneazoresorlc« 

Inc., New York, N. Y. (1923). nal,” Industrial and Engineering Chemistry, 

L. J. Curtman, “Qualitative Chemical Analysis,” Analytical Edition, VoL 12, January IS, 

Macmillan Co., New York, N. Y. (1936). 1940, p. 30. 




Tentative Methods of Test for 
PLY ADHESION OF PAPER OR VULCANIZED FIBRE^ 



A.S.T.M. Designation: D 825 - 46 T 

Issued, 1945; Revised, 1946.® 

These Tentative Methods have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St,, Philadelphia 3, Pa. 


Scope 

1. These methods of test cover proce- 
dures for measuring the amount of bond 
or adhesion between the plies of a multi- 
ply paper, such as that made on a cyl- 
inder type of paper machine, or of vul- 
canized fibre up to and including 0.032 
in. in thickness. 

Method A. For Paper 
Apparatus 

2, The apparatus shall consist of the 
following; 

(a) Testing Machine , — The essential 
features of a satisfactoiy^ type of testing 
machine (Fig. 1) are as follows : The base 
of the testing machine, A, shall consist of 
a horizontal metal frame about 2 ft. in 
length and 6 in. in width, inside of which 
two jaw carriages, 5 and C, may be made 
to move horizontally in ball bearings. 
The two jaws, D and 3 in. in width set 
in the carriages 6 in. in length are such 
that they may approach and touch each 

iUn<ier the standardization procedure of the Society, 
these methods are un^er the jurisdiction of the A.S.T.M, 
Committee D-6 on Paper and Paper Products. 

s Revision accepted by the Society at annual meeting. 
June, me. 


other. By means of a crank, F, attached 
by a reversed direction cord, G, to the left 
jaw carriage, B, the left jaw carriage 
may be slowly pulled away from the 
right jaw carriage. The right jaw car- 
riage, C, is attached by a cord, to 
the periphery of a 6-in. diameter grooved 
face wheel, /. Pendulum weight arms, 
Kj of definite mass and length are at- 
tached to the axle of this wheel. The 
axle turns in ball bearings. The cir- 
cumference of the wheel bears a gradu- 
ated scale ranging from 0 to 110 in 
5-unit divisions. The frame of the 
testing machine is equipped with leveling 
glasses for the two principal directions 
and leveling screws at each end. ' Zero 
reading is indicated by a stationary 
pointer when the tester frame is level, 
the weight arms are freely hanging 
vertically, and the right jaw carriage is 
far to the right. As this carriage is 
moved to the left, and the cord tension 
turns the wheel clockwise, an mcreasiag. : 
force is indicated, until, when , the weight 
■ arms are about horizon tal, the maximum 

Editorially corrected in January, 1947. The position 
of the weight arms formerly was incorrectly given as “ver- 
tical.” ■ 
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scale reading of 110 is indicated. Each 
unit on the scale is equivalent to 7.62 g. 
of force j this ratio being such that when 
testing a specimen 3 in. in width, ad- 
hesive force per ' centimeter width of the 
sDecimen is indicated in grams. 

: Board— A paper-cutting 

board large enough for cutting strips 3 
in. in width and 8 in. in length. 

Calibration of Testing Machine 

3. The accuracy of the graduated 
scale on the testing . machine may be 
determined by disconnecting the cord 


Test Specimens 

4. Samples shall be, conditioned in ac- 
cordance with the Standard Method of 
Conditioning Paper and Pap^r Products 
for Testing (A.S.T.M. Designation: D, 
685),^ after which at least S test speci- 
mens shall be cut 3 in. in width by. ap- 
proximately 8 in. in length, ; with the 
length perpendicular to the machine 
direction of the paper. 

Procedure 

5. Ply separation across' the 34n. 
width of a specimen shall, be started by 



from the right jaw carriage and by 
passing it clockwise around the circum- 
ference of the wheel and vertically down- 
ward tangentially over the right-hand 
side of the wheel. A hole in the frame 
of the testing machine and in the table 
supporting the testing machine permits 
this cord to be loaded with various 
standard weights. The observed scale 
readings shall be compared with the cor- 
rect readings calculated as follows: 


where: 

R ~ correct scale reading, and 
W = weight applied in grams. 


hand as near as possible to the center 
lamination of the paper. A sharp- 
pointed lead pencil may be used for this 
purpose. After the delamination has 
been carried across the 3-iii. widtli, it 
shall be continued for about | in. of .the, 
8-in, length of the specimen. These 
separated ends shaE beTolded back, 
against the outside of the test specimen 
for convenience in. inserting them i.n the . 
jaws of the testing machine. The two 
jaws of the testing machine' shall be 
brought together with the wheel indicator 
in the zero position. One of the sepa- 
rated sections shall be clamped in each 
of the jaws, the.' unseparated portion 

* Appears in this pnbiication, see Contents in Nnme,ric 
Sequence of A.S.T.M. Designations at front of book. 
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reiBaining in an upright position at right 
angles to the jaw surfaces. (The speci- 
men is then shaped like an inverted T.) 
The vertical unseparated section of the 
paper shall be allowed to lie between the 
forefinger and the second finger of the 
left hand in order to maintain it per- 
pendicular to the separated parts during 
the entire test. The crank shall be 
turned with the right hand at the rate of 
one revolution per second until the jaws 
begin to separate, at which point the 
indicated adhesion shall be noted. In 
order to check this result, the weight 
arms shall be returned to a vertical posi- 
tion by reversing the direction of rota- 
tion of the crank and the delamination 
started again and continued for a nota- 
tion of the uniformity and the amount 
of ply adhesion (in grams per centimeter 
width as indicated on the scale). In 
case of excessively high ply adhesion, 
that is, values greater than 110 g, per 
cm. width, a specimen 1.5 in. in width 
may be tested, in which case the indi- 
cated scale readings shall be multiplied 
by 2. \ 

Report 

6. The report shall include the follow- 
ing: 

(1) Maximum, minimum, and average 
ply adhesion in grams per centimeter of 
width, and 

(2) The width of specimen tested. 

Method B. For Vulcanized Fibre 
■ Apparattis 

7. The apparatus shall consist of the 
following: 

(a) Tension Testing Machine— The 
tension testing machine shall be of the 
pendulum type, power or hand driven, 
preferably equipped with two or three 
difierent pendulum weights and corre- 
sponding scales of different capacities, 


including scales with capacities of 0 to 1 
kg. (0 to 2,2 lb.) , and 0 to 5 kg, (0 to 11 
lb.). The jaws shall be 2 in. in width 
and not more than 5 in.' apart. It 
shall conform to the requirements pre- 
scribed in Section 2 of the Tentative 
Method of Test for Tensile Breaking 
Strength of Paper and Paper Products 
(A.S.T.M. Designation: D 828).^ It 
shall be calibrated as described in Sec- 
tion 3 of A.S.T.M. Method D 828. 

(b) Cutting Board . — A paper-cutting 
board large enough to cut specimens of 
vulcanized fibre 2 in. in width and at 
least 8 in. in length. 

(c) Straight-Edge. 

(d) Knife . — A sharp-pointed knife. 
Test Specimens 

8, (a) At least two specimens shah be 
tested. The test specimens shall be cut 
2 in. in width and at least 8 in. in length, 
the length being in the machine direction 
of the vulcanized fibre. 

{b) About 1 in. from one end of each 
test specimen, a straight cut shall be 
made across one face of the specimen, 
parallel to the end and of a uniform depth 
of approximately half the thickness. 
The short end of the specimen shall be 
grasped between the thumb and the bent 
forefinger of the left hand and the speci- 
men shall be bent back over the fore- 
finger, so as to open the cut. The vul- 
canized fibre along the cut edge opposite 
the short end of the specimen shall be 
picked apart with the knife blade so as 
to separate the plies at the middle, until 
the separated edge can be grasped be- 
tween the thumb and forefinger of the 
right hand. With the separated ends 
held horizontally between the thumbs 
and bent forefingers of the two hands, 
and the long, unseparated portion of the 
specimen held vertically between the 
remaining bent fingers of the hands, the 
specimen shall be further separated into 
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two halves, using the middle fingers as a 
fulcrum, until the separation is even all 
the way across the specimen between the 
middle plies and has progressed for at 
least 3 in. By varying the angle be- 
tween the separated portions and the 
unseparated part of the specimen, the 
depth of tear can be regulated. If the 
separation is uneven, the pulling shall be 
manipulated until it is even. This can 
be verified by holding the specimen up 
to the light, when the diffusion of light 
through the separated portions should 
be uniform. When proper separation 
has been accomplished, the unseparated 
1-in. piece shall be cut off. 

(c) The specimens, after initial sep- 
aration as specified above, shall be condi- 
tioned for at least 24 hr. as prescribed in 
the Standard Method of Conditioning 
Paper and Paper Products for Testing 
(A.S.T.M, Designation: D 685).® 

Procedure 

9, With the separated ends of the test 
specimen held in the jaws of the testing 
machine, the unseparated portion of 


the specimen shall be held out at right 
angles by hand and the machine started. 
To maintain the 90-deg. relationship be- 
tween the separated and unseparated 
portions of the test specimen during the 
pulling, it is necessary to hold the unsep- 
arated portion lightly between the fingers 
near the point of separation. The 
pendulum shall be allowed to swing 
freely, without use of the pawls. The 
test specimen shall be separated by the 
machine for at least 3 in. of its length, 
and maximum and minimum readings 
shall be noted. The speed of the mov- 
able jaw of the testing machine shall be 
12 in. per min. 

Report 

10. The report shall include the fol- 
lowing: 

(1) Average thickness of the speci- 
mens, 

(2) Maximum, minimum, and average 
ply adhesion for each specimen in pounds 
per 2 in. of wddth, and 

(3) Grade and color of the vulcanized 
fibre. 


TBCHSJICAL ASSOCIATION OF FULP AND PAPER INDDSTRY 
STANDARD METHOD T803m-« 


Tentative Method of Test for 

PUNCTURE AND STIFFNESS OF PAPERBOARD, CORRU- 
GATED AND SOLID FIBERBOARDi 



A.S.T.M. Designation: D 781 - 44 T 

Issued, 1944. ^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the procedures 
for puncture and stiffness tests of paper- 
board, corrugated, and solid fiberboard. 

Puncture Test 
Nature of Test 

2. The puncture test is a measure of 
the energy required to force a puncture 
head of designated size and shape com- 
pletely through a sample of fiberboard. 
The measured value is dependent upon 
the resistance to puncture, and the 
stiffness, of the board. 

Apparatus 

3. The apparatus,^ illustrated in Fig. 
1, shall consist of the following: 


i Under the standardization isrocedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-6 on Paper and Paper Products. 

For additional information on this method the follow- 
ing references should be consulted: 

R. L. Beach, Technical Associaiion Papers^ Technical 
Assn, Pulp and Paper Industry, Series XXII, No. 1, p. 
240 (1939). 

S, D. Wells, Paper Trade Journal, Vol, 116, No. 13, pp. 
29-38 (1943). 

* Accepted by the Society at annual meeting, Tune, 
1944. 

“This apparatus is obtainable from the General 
Electric Co., Special Products Division, Industrial Divi- 
sion, Sdienectady, N. Y. 


(a) Penduhm. — A pendulum incor- 
porating an arm in the form of an arc 
of 90 deg. 

(b) Puncture Point, — puncture 
point affixed to the end of the rod and 
having the shape of a right angle tri- 
angular pyramid 1 in. in height. 

{c) Pointer Collar, — -A loose collar 
around the base of the puncture point 
to eliminate friction resulting from the 
punctured material rubbing against the 
puncture arm.. 

(d) Trigger,— K trigger, or latch, to 
hold , the pendulum in the horizontal 
position. 

{e) Two Clamping Plates. — Two 
clamping plates for holding the speci- 
men to be tested. 

(/) Pointer and Scale. — A pointer and 
scale to indicate the arc through which 
the pendulum travels after penetrating 
through the specimen. 

(g) Weights.— WeightSj, ■ ■which when 
, attached, give a maximum scale value 
of at least 350 in.-lb. 'of energy when 
the pendulum is in the horizontal 
position, and scale graduations cor- 
responding : to the weights used. 
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(h) Loose Plate.— K loose plate wliich bearing plate noxmaliy inserted between 

is , inserted between the clamping plates the 'Clamping jaws.. Failure to temove 
when testing material for the purpose these may restilt in damage to the instru- 
of defining the test area. This plate ment. Set the pointer a few, graduations' 
shall ..be ^ removed when checking the above zero. Raise the pendulum .to 
zero reading of the apparatus. the cocked position and. .release ,it., 

(i) Adjustable Screw. An adjustable Note the pointer reading. Repeat this 
screw which bears against the pointer operation several times. The . pointer 
assembly during, the .measuring half should register zero with each attempt., 
of the pendulum swing, wiiicli permits If' such is not the case, make suitable 



Fig. 1. —Apparatus for Puncture and Stiffness Tests. 


adjustment of the zero position of the adjustment of the zero adjustment 
pointer. screw (located on the arm extending 

from the bearing housing of the pendu- 
Adjustment of Apparatus Y\xm) until the zero reading is obtained. 

4. (a) Place the apparatus on a stable (c) To check the friction of the 
platform and level it in both principal pointer, set the pointer at zero before 
directions. The pendulum should now releasing the pendulum from the cocked 
inove substantially free of friction. position. After the pendulum has com- 
(b) To check the zero reading it is pleted its swing, the pointer should 
important to remove the weights, the not be more than | in. below the zero 
weight supporting stud, and the metal position. An error of more than | 
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in, indicates excessive friction andean 
be remedied by oiling the pointer 
bearing or relieving the spring pressure 
between the pointer collar and the 
shaft. This pressure is governed by the 
position of the screw which is threaded 
into the projection on the pointer collar. 

{d) No point on the scales can be 
checked except the zero point, and it 
is hot necessary to do so, as all points 
are measured from the zero point ac- 
cording to the mathematical formula: 

« Wg (1 - cos A) 

where: 

R = energy in inch-pounds required 
to puncture the material tested, 
W == total weight of the pendulum plus 
any added weights used, 
g = distance of the center of gravity 
of the total pendulum mass 
from the center of rotation, and 
A = angle through which the pendu- 
lum swings past the vertical 
(Note). 

Note. — T he actual numerical values on the 
scale are not in inch pounds, but have a multi- 
plying factor introduced in order to make the 
numerical values for the ordinary grades of 
boxboard more nearly in line with the commonly 
used values. 

{e) The loose sleeve is held in place on 
the base of the puncture point by a 
pin containing a small ball under spring 
pressure. The position of this pin 
in the puncture point base is adjustable 
and can be locked by means of a set 
screw. The position of this pin and 
ball should be such that the loose sleeve 
is very lightly held on the base of the 
puncture point, and can be removed 
with a minimum of energy. 

Conditioning 

5. Test specimens shall be condi- 
tioned before testing in accordance with 
the Standard Met^^ Conditioning 
Paperboard, Fiberboard, and Paperboard 


Containers for Testing (A.S.T.M. Desig- 
nation: D 641).^ 

Procedure 

6. {a) Place the test specimen be- 
tween the clamping plates. Before mak- 
ing each test, place the loose sleeve 
against the base of the puncture point 
and set the pointer about 1 in. above 
the expected reading. Raise the pen- 
dulum to the horizontal position. Re- 
lease by pushing the latch handle to 
the left. Note the reading on the proper 
scale after the pendulum has com- 
pleted its swing. This reading should 
be made to the nearest one-half division 
of the scale used. It is not advisable to 
make tests giving values within 25 per 
cent of the high end of the scale. In 
such cases use a higher scale. 

{h) Orient the test specimens in such 
a manner that the edge of the puncture 
point, which is in the plane of the punc- 
ture arm, is perpendicular to the cor- 
rugations of combined corrugated board, 
or grain direction of uncombined sheets 
or solid fiber board, of half of the speci- 
mens, and is parallel to the corrugations, 
or grain direction, of the other half of 
the specimens. Make all tests from the 
outside liner of the corrugated board and 
from the smooth side when testing un- 
combined board. 

Stieeness Test 
Nature of Test 

7. The stiffness test is a measure of 
the energy required to force a puncture 
head of designated size and shape com- 
pletely through a sample of fiberboard 
when the board is prepared to receive 
the puncture head by slitting in the pre- 
scribed manner. The measured value 
is largely dependent upon the stiffness of 
the board. 


* Appears in tkis publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Apparatus 

8. The apparatus shall be as described 
in Section 3 and in addition the following 
will be required: 

(а) Template , — template containing 
three slits 2-| in. in length, meeting at 
one point and so spaced angularly that 
they define the paths of the edges of the 
puncture point as it passes through the 
specimen. 

(б) Sharp Knife, 

Test Specimens 

9. (a) Ten test specimens shall be 
selected in such a manner that they ac- 
curately represent the sample of paper to 
be tested. The sample shall have been 
conditioned for testing as described in 
Section 5. 

{b) The specimen shall be of sufficient 
size that no slippage occurs between it 
and the clamping jaws of the apparatus. 
No part of the test area shall be closer 
than 1| in. to any edge, score line, or im- 
perfection in the board. 

{c) The template (Section 8(a)) shall 
be used in locating and defining the cuts 
in the specimens. Five specimens shall 
be cut so that the edge of the puncture 
point which is in the plane of the curved 
puncture arm is parallel to the corruga- 
tions, or grain direction, and five cut wdth 
this edge perpendicular to the corruga- 
tions, or grain direction. The template 
shall be laid on the inner liner according 
to the above orientations and the slits 
of the template traced with a pencil. 
The template shall be removed and the 
cuts defined by the pencil tracing made 
with a sharp knife. These three lines 
shall be completely cut through, their 
ends shall be perpendicular to the surface 
of the board, and they shall meet com- 
pletely at the midpoint. 


Procedure 

10. (a) Adjust the. , apparatus as de- 
scribed in Section 4. Place and angu- 
larly orient the test specimen ■ between 
the clamping, jaws of the testing machine, 
so that the point ancl the three edges of, 
the puncture point will pass exactly 
through the prepared slits. 

Q}) The weights to be used for .each, 
scale are indicated on the scale plate of 
the apparatus. Select the scale and cor- 
responding weight so that readings will 
fall as close to the center of the scale as 
possible. 

((;) Make all tests from the outside 
liner of the corrugated board and from 
the smooth side when testing uncombined 
board. Place the loose sleeve around the 
base of the puncture point before each 
test is made. (It is designed to prevent 
the punctured material from bearing 
against the puncture arm and thus 
causing an error due to friction.) Set 
the pointer about 1 in. ahead of the posi- 
tion of the expected reading before each 
test is performed. 

(d) Record only readings in which the 
puncture head passes completely through 
the board. Read and record the values 
to the nearest one-half division of the 
scale used. 

Report 

11. The report for both the puncture 
and stiffness tests shall include the 
following: 

(/) Room temperature .and relative 
humidity, 

iZ) The scale used, 

{3) Number of tests made each way 

of board, 

{4) The average results for tests made 
each way of the material, 

(5) The total average results, and 

{6) The maximum and minimum 
values obtained. 
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Tentative Method of Test for 
RESISTANCE OF PAPER TO PASSAGE OF AIR^ 



A.S.T.M. Designations D 726-46 T 
Issued, 1943; Revised, 1946.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, This method of test is applicable to 
papers and paper products which permit 
the passage of 100 cu.cm, of air in 2 to 
1800 sec., except those which cannot be 
clamped securely against surface and 
edge leakage, such as crepe and corru- 
gated papers. 

Apparatus 

2. (a) The apparatus shall consist of 
an outer cylinder which is partly filled 
with oil, and an inner cylinder, having an 
open or closed top, sliding freely in the 
outer cylinder. Air pressure for the test 
shall be provided by the weight of the 
inner cylinder. The apparatus shall be 
arranged to furnish air pressure to the 
specimen held between clamping plates 
having a circular orifice of 1.00 sq. in. in 
area. The clamping plates may form 
the top of the inner cylinder, or may be 
mounted in the base of the apparatus, 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S,T,M. 
Committee D-6 on Paper and Paper Products. 

For further information on this method the following 
reference may be consulted; 

“First Report of tiie Paper Testing Committee to the 
Technical Association of the Papermakers’ Association of 
Great Britain and Ireland/' 1937, pp. 62-66. 

2 Revision accepted by the Society at animal meeting, 
June, 1946. 


the latter construction being preferable. 
An elastic gasket shall be attached to 
the clamping plate on the side exposed to 
air pressure, and the paper specimen shall 
be held in contact with the gasket when 
clamped for test. The purpose of the 
gasket is to prevent leakage of air 
between the surface of the paper and the 
clamping plate. 

(i) The gasket shall consist of a thin, 
elastic, oil-resistant, nonoxidixing mate- 
rial, having a smooth surface (Note). 
The inside diameter of the gasket shall be 
1.125 in. and the outside diameter 1.375 
in. To align and protect the gasket in 
use, it shall be cemented with shellac 
into a groove machined in the clamping 
plate. This groove shall be concentric 
with the aperture in the opposite orifice 
plate. It shall be 1.128 in. in inside 
diameter and 0.020 in. in depth. Its 
outside diameter may be 1.385 in. for 
convenience in inserting and attaching 
the gasket. 

Note. — ^TMokoi, grade ST, poHsbed plate 
molded, ^ in, in thickness, 50 to 60 Durometer 
hardness, is a satisfactory gasket material. 

(c) The outer cylinder shall be 10 in. 
in height, and shall have an internal 
diameter of 3.25 in. It shall be equipped 
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with four bars, each 7.5 in. in length, 
0.094 in. in width, and 0.094 in. in thick- 
ness, mounted vertically and equidis- 
tantly on the inner surface of the outer 
cylinder to act as guide tracks for the 
movable cylinder. 

(d) The movable inner cylinder shall 
be graduated in units of 50 cu.cm., and 
shall have a total range of 350 cu.cm. It 
shall be 10 in. in height, and shall have 
an external diameter of 3.00 in. and an 
internal diameter of 2.916 in. It shall 
weigh 567 ±1.0 g. 

Note. — Some inner cylinders are also gradu- 
ated in units of 25 cu. cm. for the first 100 
cu. cm., and .have a graduation at the 400- 
cu. cm. interval. 

(e) The oil used with the apparatus 
shall be a lubricating oil having a 
viscosity of 60 to 70 sec. Saybolt Univer- 
sal at 100 F. (37.8 C.) and a flash point 
of not less than 275 F. (135 C.). 

Note. — A light spindle oil is suitable for this 
purpose. Oil is used in preference to water 
because it does not affect the moisture content 
of the sample, nor does it affect the aluminum 
inner cylinder. The oil should not contain any 
essential oil, or other easily volatile oil, and for 
that reason a minimum flash test is specified. 

Calibration of Apparatus 

3. The apparatus shall be tested for 
air leakage by clamping a thin piece of 
smooth, hard-surface, air-tight material, 
such as metal foil or cellophane, between 
the orifice plates, and testing in accord- 
ance with the procedure outlined in 
Section 6. The leakage shail not exceed 
50 cu.cm, in '5 hr. 

Sampling 

4. The paper to be tested shall be 
sampled in accordance with ■ Standard 
Method of Sampling Paper and Paper 
Products(A.S.T.M. Designation:D 585).® 

Test Specimeiis 

5. (a) Not less than ten test specimens 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


shall be cut from the sample, each,, 
approximately ,1.875 in.,, in width, ,and 
5 in. in length, except that specime,ns of 
any size larger than 1.875 in. , in both 
directions may be used in the apparatus 
having the clamp in, the base. 

(6) The test ,specimeii,s shall be con- 
ditioned in accordance with the Standard 
Method of Conditioning Paper and Paper 
Products for Testing (A.S.T.M. Desig-^ 
nation: D 685).® 

Procedure 

6. (a) Place the apparatus on a ,l€vel 
surface so that the cylinders are vertical. 
Fill the outer cylinder with oil to a depth 
of approximately 5 in. as indicated by a 
ring marked on the inner surface of the 
cylinder. 

(b) Test not less than ten conditioned 
specimens in the standard atmosphere 
prescribed in A.S.T.M. Method D 685, 
making an equal number of tests (see 
Section 7, item 1) on each side of the 
sample. 

(c) If using the instrument having the 
clamp in the top of the inner cylinder, 
raise the inner cylinder, hold it in a 
raised position with one hand, clamp the 
specimen between the clamping plates, 
then lower the C 3 ^ 1 inder and allow it to 
float in the oil. 

Note. — ^The proper procedure for clamping 
the specimen is to tighten the knurled nuts 
alternately, so that the clamping pressure will 
be equal on both sides. If only one knurled nut 
at a time is tightened, the clamp will not bear 
evenly on the specimen, and air leakage will 
occur between the surfaces of the clamp and 
the specimen. If more convenient, the , inner- 
cylinder may be removed from the outer cylinder 
and replaced after the paper has been clamped.. 

(d) If using the instrument having tiie 
damp in the base, first raise the inner' 
cylinder until its top, rim is supported by 
the catch, clamp ' the specimen between; 

■ the clamping plates, then gently lower 
the inner cylinder until it floats. 

(e) -When a steady, movement >f the 
. inner cylinder has been attained, measure 
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with a stopwatch, or other timing device, 
the number of seconds required for the 
first two consecutive 50-cu.cm. intervals 
to pass the rim of the outer cylinder, 
starting at the 0 mark. With very 
resistant papers, the reading may be 
taken at the end of the first SO-cu.cm. 
Interval, and the results doubled. With 
very open or porous papers, a larger vol- 
ume of air may be read on the inner 
cylinder and converted to the lOO-cu.cm. 
standard volume. In cases where it is 
not possible to obtain a steady movement 
of the inner cylinder before the 0 mark is 
reached, the test may be started at the 
50-cu.cm. mark. 

(/) Take precautions to avoid sub- 


jecting the apparatus' to vibration, as this 
increases the rate of air displacement.,. 

Report 

7. The report shall include the fol- 
lowing: 

(1) The average number of seconds 
required, for the displacement of IOC 
cu.cm, of air through an area of 1.0 
sq.m,, obtained by testing at least five 
specimens with the felt side up and five 
specimens with the wire side up. 

Note. — S maller or larger volumes of air may 
be read on the inner cylinder, and converted 
to the 100-cu. cm. standard volume. 

( 2 ) A statement that the gasket, 
described in Section 2 (5), was used. 


TECHNICAt 
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Tentative Method of Test for 

TENSILE BREAKING STRENGTH OF PAPER AND 
PAPER PRODUCTS! 

A.S.T.M. Designation: B 828 - 45 T 

Issued, 1945.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

1. This method^ of test covers the pro- 
cedure for measuring the tensile breaking 
strength, expressed in units of force of 
paper and paper products. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

s Accepted by Committee E-10 on Standards, June 27, 
1945. 

« For further information on this method the following 
references may be of interest: 

A. H. Stang and L. R. Sweetman, ‘‘Speed Control for 
Screw-Power Testing Machines Driven by Direct-Current 
Motors,” ASTM Bulletin, No. 87, August, 1937, p. 15. 

F. T. Carson, “Some Notes on Revision of Methods for 
Measuring the Strength of Paper,” Taper Trade Journal, 
Vol. 102, No. 19, May 7, 1936, pp. 39-42; Technical Associa- 
tion Papers, No. 19, June, 1936, pp. 172-175. 

J. d’A. Clark, “Some Observations on Burst, Tensile, 
and Stretch Tests,” Paper Trade Journal, Vol. 102, No. 2, 
January 9, 1936, pp. 40-42; Technical Association Papers, 
No. 19, June, 1936, pp. 264-266 (discussion, pp. 90-94). 

R. C. Griffin and R. W. McKinley, “Studies of Tensile 
and Bursting Tests,” Paper Trade J ournal, VoL 102, No. 2, 
January 9, 1936, pp. 34-35; Technical Association Papers, 
No. 19, June, 1936, pp. 222-223. 

Institute of Paper Chemistry, “Instrumentation 
Studies No. 29: Measurement of the Tensile Strength of 
Paper,” February 16, 1940. 

C. V. Oliver, “Variability in Results Met With in Paper 
Strength Testing.” Technical Section, Paper 

Makers' Association of Great Britain and Ireland, No. 11, 
Part I, October, 1930, pp. 53-74 (discussion, pp. 74-84). 

Paper Makers* Association of Great Britain and Ire- 
land, Technical Section. Paper Testing Committee, First 
Report, London, The Association, 1937, 85 pages; Pro- 
ceedings, Technical Section, Vol. 18, Part lA (which con- 
tains the discussion), June, 1937; If orW's Paper Trade 
Review, Technical Convention Number, March, 1937, 
pp. 4-72. 

“Tensile Strength of Paper,” (proposed final revision 
of TAPPI standard T404m) , Paper Trade Journal, Vol. 102, 
No. 8, February 20, 1936, p. 133; Technical Associaiion 
No. 19, June, 1936, p. 271. 


Apparatus 

2. The tension testing machine shall 
have the following features: 

(a) Two clamps, the jaw edges of 
which can be set for distances from 1(X) 
db 10 mm. (3.94 ± 0.39 in.) to 180 =h 
10 mm. (7.09 ± 0.39 in.) apart. The 
center lines of the clamps shall be in the 
same plane parallel to the direction of 
motion and shall be so aligned that they 
will hold the test specimen in the same 
plane throughout the test, without slip- 
page. 

{b) Means of applying a gradually in- 
creasing load to the test specimen until 
it breaks, the rate of increase being such 
that the additional load applied each 
second is not different from the addi- 
tional load applied in the previous second 
by more than 5 per cent. This condition 
is fulfilled by the usual pendulum-type 
apparatus, when the lower clamp moves 
at a constant rate of speed (Note). 

Note, — T o ensure uniform operation an auto- 
matic drive is preferable to band operation. 
Motor-driven machines of the pendulum, double- 
scale type, can be adapted to accommodate all 
but the weak-paper group by means of a two 
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Step pulley. WitJi the pendulum- type appara- 
tus the rate of loading may be reduced for the 
weak-paper group either ' by substituting a 
lighter weight on the end of the pendulum or 
else fastening the weight to the pendulum nearer 
the bearing and recalibrating the scale. If the 
normal scale is accurate, a single calibration 
point (taken preferably in the working range) 
will be sufficient to give the scale conversion 
factor. A variable speed motor (see footnote 3, 
first item) is more convenient when many differ- 
ent rates of loading are required. At least two 
modem tension testing machines are available 
with variable speed mechanical drives. 

(c) Means of indicating the applied 
load at the instant of specimen-fracture, 
to an accuracy of plus or minus 1 per 
cent. To attain this accuracy for the 
pendulum-type apparatus, the capacity 
of the apparatus should be selected and 
adjusted so that the fracture of the speci- 
men will occur: (I) in the pendulum-type 
apparatus, when the pendulum makes an 
angle of not less than 4 nor more than 45 
deg. with the vertical, or (2) in the spring- 
actuated type apparatus, when the 
breaking load indications are in the 
middle third of the scale. 

Calibration of Apparatus 

3. The apparatus shall be accurately 
leveled in both of its principal directions 
and the mechanism shall be made to 
move freely. Apply weights of known 
value to the upper clamp so that it moves 
in the same direction and plane as when 
testing a specimen. In the case of the 
pendulum-type apparatus, disengage the 
pawls of the pendulum, suspend the test 
weight by a flexible connection from the 
center of the upper clamp, release the 
latch holding the pendulum at zero 
indication, and allow the pendulum to 
come slowly to equilibrium. Note the 
indicated scale reading for each load 
applied and record all test data. It is 
recommended that readings be taken at 
not less than three distributed points on 
the scale of the instrument. 



Test Specimens 

4. (a) The test specimens shall be repre- 
sentative of the sample obtained as pre- 
scribed in the Standard Method of 
Sampling Paper and Paper Products 
(A.S.T.M. Designation: ^ D 585)^ and 
conditioned as prescribed in the Stand- 
ard Method of Conditioning Paper, and 
Paper , Products for Testing (A.S.T.M. 
Designation: D 685).^ Prepare a suffi- 
cient number of specimens cut from each 
principal direction of the paper, exclud- 
ing watermarks, creases, or other visible 
imperfections. 

(6) The specimens shall be clean-cut to 
within plus or minus 1 per cent of their 
nominal widths, with edges parallel, and 
shall be long enough to be inserted in the 
jaws of the clamps of the testing appara- 
tus without handling the section under 
test. Specimens shall not exceed 5.08 
cm. (2.0 in.) in width and shall preferably 
be not less than 1.27 cm. (0.50 in.) 
(Note). 

Note.— V arying the width of the test speci- 
mens between 1.27 and 5.08 cm., with a pro- 
portionate change in the rate of loading, does not, 
in general, make much difference in the propor- 
tionate test results except for unbeaten long- 
fiber papers, when the difference may be ap- 
preciable. 

Procedure 

5. (a) Make the tests in a conditioned 
atmosphere as prescribed in A.S.T.M. 
Method D 685. 

(d) Level the testing machine and 
adjust its zero reading. The ratio of the 
clearance distance between jaws to the 
width of the specimens shall be not less 
than 5 to 1, nor more than 15 to 1. 

(c) After placing the test specimen 
loosely in the jaws of the clamps, align 
it squarely, then tighten the upper camp, 
take up slack, and finally tighten the 
lower clamp, without touching the por- 
tion of the specimen under test. Then 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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apply the load as follows: For very weak 
papers, such as tissues, paper towels," 
newsprint, and similar papers (in general, 
papers breaking below 2.3 kg. (S lb.) 
per 15 mm. (0.59 in.) width), adjust 
the loading so, that fracture occurs in 
not less than 5 nor more than IS sec. 
For all other papers adjust the' rate of 
loading so that the lower clamp moves 
at a rate of 12 rfc 0.5 in. per min. 

(d) Test at least ten specimens cut in 
each principal direction of the paper. 

(e) Reject readings when the speci- 
men slips in the jaws, or fractures in or 
at the edge of either jaw. 

(f) Wherever possible, record each 
reading to three significant figures. 

(g) Correct reading by applying the 
calibration test results (Section 3). 

Report 

6. The report shall include the fol- 
lowing: 

(1) Results obtained on specimens cut 
in the machine direction of the paper 


shall be reported as tensEe ' breaking 
strength, machine direction, and the 
results obtained on specimens cut in the 
cross-direction of the paper shaE be re- 
ported as tensile breaking strength, cross- 
direction, 

(2) Average, minimum, and maxi- 
mum .values,, either as kEograms or .as 
pounds, to three significant figures, 

(J) Number of specimens tested, 

(4) Type and capacity of the appara- 
tus used, 

(5) Rate of loading, 

(6) Specimen width, and 

(7) Distance between jaws of the 
clamps. 

Reproducibility 

7. Duplicate measurements of the 
tensile breaking strength of different sets 
of samples from the same lot of paper, 
and on different apparatus, should agree 
within 5 per cent. 


TECHNlCilL ASSOCIATION OF PULP AND PAPER INDUSTRY 
STANDARD METHOD T4S6i3ei»44 


Tentative Method of Test for 

WET TENSILE BREAKING STRENGTH OF PAPER AND 
PAPER PRODUCTS 1 


• 

A.S.T.M. Designation: B 829 “ 45 T 
Issued, 1945. ^ 

TMs Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test covers a proce- 
dure for determining the tensile breaking 
strength of paper and paper products 
after wetting with water or other liquid. 
It is of special usefulness in evaluating 
the performance characteristics of paper 
towels, photographic paper, water-re- 
sistant wrapping papers, and other 
papers sub jected to stress during process- 
ing or use, while wet. Depending on the 
use requirement, the test specimen may 
be immersed in the appropriate liquid 
for a given time and tested whether it is 
completely saturated or not. However, 
unless otherwise specified, the wet tensile 
breaking strength test is assumed to be 
performed on the test specimen after 
complete saturation. 

Apparatus 

2. The apparatus shall consist of the 
foEowing: 

* Under the standardization of the procedure Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

* Accepted by Coihmittee E-10 on Standards, June 27, 
1945. 


{a) Wet Strength Device , — Finch 
wet strength device (Fig. 1) consisting 
of an inverted stirrup about 3.8 cm. 
(1.5 in.) in width and about 7.6 cm. 
(3 in.) in length, made of metal strap by 
which a horizontal rod, about 2.8 cm. 
(1.1 in.) in length and S zb 0.05 mm. 
(0.188 zb 0.002 in.) in diameter, is sup- 
ported. Between the straps and under 
the horizontal rod is a small, vertically 
movable container for holding water or 
other liquid. The liquid container locks 
in its uppermost position, so that the 
horizontal rod is then immersed in the 
liquid to a depth of at least 1.9 cm. 
(0,75 in.). A thin metal tang forming 
the lower part of the inverted stirrup 
permits it to be fastened in the lower 
clamp of a tension testing machine. 

{b) Tension Testing Machine , — ^The 
tension testing machine shall be of the 
pendulum type, power or hand driven, 
and designed for testing paper, and pref- 
erably equipped with two or three 
different pendulum weights and cor- 
responding scales of different capacities, 
including scales with capacities of 0 to 1 
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fcg. (0 to 2.2 lb.) and 0 to 5 kg. (0 to 11 
lb.). It shall conform to the require- 
ments prescribed in Section 2 of the 
Tentative Method of Test, for Tensile 
Breaking Strength of Paper and Paper 
Products (A.S.T.M. , Designation: 
D,828).^ It shall be calibrated as de- 
scribed in Section 3 of A.S.T.M, Method 
D828: 



Method A. For Tissue, Towel, and 
Other Absorbent Papers Which are 
Easily Damaged BY Handling When 
Wet 

Test Specimens 

3. The test specimens shall be cut 
from samples selected as prescribed in 
the Standard Method of Sampling Paper 
and Paper Products (A.S.T.M. Designa- 
tion: D 585) .^ If desired and if possible, 
the specimens shall be cut in the two 

® Appears in this publication, see Contents in Numeric 
Sequence of A,S.T.3Vf. Designations at front of book. 


principal directions of the sheet. Speci- 
mens shall be strips cut straight and 
parallel with smooth edges to within 0.1 
mm. (0.004 in.) of the specified width. : 
The test specimens shall be 12.7 mm. 
(0.5 in.), 15.0 mm. (0,59 in.), or 15,9 mm, 
(0.625 in.) in width and approximately 
25 cm. (10 in.) in length. 

Procedure 

4. (a) Make the test in an atmosphere 
conditioned in accordance with the 
Standard Method of Conditioning Paper 
and Paper Products for Testing (A.S. 
T.M. Designation: D 685).® 

(b) Fasten the Finch wet strength de- 

vice in the lower clamp of the tension 
testing machine so that the horizontal 
rod is placed at 90 deg. with the axis of 
the two clamps and parallel to the clamp 
faces and is otherwise S3mmietricaily 
located with respect to the clamps. 
Adjust the position of the lower clamp 
so that the horizontal rod is about 7.6 
cm. (3 in.) below the upper clamp. 
Move the liquid container to its lowest 
position, and almost fill it with the 
proper liquid. Unless otherwise re- 
quired, the liquid shall be maintained 
at the temperature of the conditioned 
atmosphere, 23 =fc 2 C. (73 3.5 F,). 

Wipe dry the horizontal rod and its sup- 
ports, and thread the test specimen un- 
der the rod. Place the ends of the 
specimen together, remove the slack, 
and fasten them in the upper clamp of 
the tension testing machine. The speci- 
men shall be centrally located with re- 
spect to the horizontal rod and the upper 
clamp. Raise the liquid container so 
that it locks in its uppermost position, 
immersing the looped end of the specimen 
to a depth of at least 19 mm. (0.75 in.). 

(c) For easily saturated papers the- 
immersion time shall be sufficient' to de- 
velop their minimum strength which is 
produced by complete saturation. De- 
termine this time by testing specimens 
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wMch have been imm^^ for progres- 
sively increasing ' periods. Select the 
shortest period' resulting in a stable, 
low-strength value. For tissue, towel, 
and impregnating papers, the immersion 
time will be about S to 40 sec. 

(d) At the end of the saturating period 
appl}^ a tension load to the specimen 
at a rate conforming to that prescribed in 
Section 5 (c) of A.S.T.M. Method D 828, 
namely, that the rate of loading shall be 
adjusted so that the specimen breaks in 
not less than S nor more than 15 sec. 
Make the application of the first incre- 
ments of load to the specimen very 
slowly, if possible, to minimke abnormal 
strains due to inertia effects. 

(e) One half the load recorded when 
the test specimen breaks shall be taken 
as the wet tensile strength. At least ten 
specimens from each direction of the 
sheet shall be tested. • 

Report 

5. The report shall include the fol- 
lowing; 

(1) Average, maximum, and minimum 
wet tensile strengths (to two significant 
figures) for each direction of the sheet, 
calculated to kilograms per 15-mm. 
width or to pounds per 1-in. width, 

(2) Rate of travel of lower clamp, 

(3) Kind of liquid used, 

(4) Temperature of the liquid, 

(5) Width and thickness of the test 
specimen, and 

(6) Number of tests made. 

Method B . For W ater-Resist ant Pa- 
pers, Such as Photographic, Blue- 
print, AND Special Map Papers, 

Which Can Be Handled Without 

Damage After Immersion 

Test Specimen 

6. The test specimens shall be pre- 


pared as prescribed in A.S.T.M,. Method 
D828. 

Procedure 

7. (a) The test specimens shall be 
immersed for the required time .(Note) 
in the proper liquid. Unless , otherwise' 
required, the liquid shall .be maintained 
at the temperature of . the. conditioiimg 
atmosphere, 23 ± 2 C. (73 db 3.5 F,). 

Note. — The use requirement of the paper 
will establish the time of immersion which 
should be stipulated in the specifications for the 
paper. If the time is not specified, the speci- 
mens should be completely saturated by at 
least a 24-hr. immersion. 

(b) At the end of the immersion time 
and before placing the specimen in the 
tension testing machine, place it flat and 
straight on a pad of four thicknesses of 
dry blotting paper and cover it with a 
similar pad. Roll a metal cylinder 
weighing 500 =b 5 g. (17.5 dz 0.25 oz.) 
and having a diameter of about 5 cm. 
(2 in.) steadily over the top blotter, tak- 
ing about 2 sec. for the operation. 

(c) Immediately after blotting, place 
the test specimen in the tension testing 
machine and break the specimen as 
prescribed in Section 5 (c) of A.S.T.M, 
Method D 828. 

(d) At least ten specimens from each 
direction of the sheet shall be tested. 

Report 

8. The report shall include the in- 
formation prescribed in Section S, and 
the following: 

(i) Length of the specimen, and 

{2) Wet tensile strength as a percent- 
age of the dry tensile strength, if the 
paper is treated to maintain high wet 
strength. 
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Tentative Method of Test for 

WATER VAPOR PERMEABILITY OF PAPER AND 
PAPERBOARDi 



A.S.T.M. Designation: D 783 «-44 T 

Issued, 1944.5® 

This Tentative Method has been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This method of test covers the 
procedure for determining the water 
vapor permeability of paper and paper- 
boards under normal atmospheric con- 
ditions.® It is considered generally 
suitable also for other sheet materials 
up to 1 in. in thickness. 

Definition 

2. Water vapor permeability is de- 
fined for this test as the weight of water 
transmitted per unit of time, per unit 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-6 on Paper and Paper Products. 

2 Accepted by the Society at annual meeting, June, 
1944. 


5 For further details on this method reference should 
be made to the following: 

Allen Abrams and W. A. Chilson, Trade Journal, 
Vol. 91, No. 18, October 30, 1930, p. US’, Technical Associa- 
tion Papers, Tech. Assn. Pulp and Paper Industry, Voi. 
14, May, 1931, pp. 379-384. 

Allen Abrams and G. J. Brabender, Paper Trade Jour- 
nal, Vol. 102, No. 15, April 9, 1936, p. 32; Technical Asso- 
ciation Papers, Tech. Assn. Pulp and Paper Industry, Vol. 
19, June, 1936, pp. 121-130. 

G. J. Brabenaer, Paper Trade JournalyYol. 108, No. 4, 
January 26, 1939, p. 39; Technical Association Papers, Tech. 
Assn. Pulp and Paper Industry, VoL 22, pp. 95, 251 (1939). 

F. T. Carson, Miscellaneous PuUicahon M 127, Nat. 
Bureau Standards, August 5, 1937. 

F. T. Carson, Paper Trade Journaly Yoi. Vdl , No. 18, 
November 3, l9S$, p. S9’, Technical Association Papers, 
Tech. Assn. Pulp and Paper Industry, Vol. 20, pp. 90-102 
(1937). 

G. J. Brabender, Paper Trade Journal, Vol. 110, No. 18, 
May 2, 1940, p.' 21; Technical Association Pap^s, Tech. 
Assn, Pulp and Paper Industry, Vol. 23, p. 358 (1940), 


area, measured while the specimen sepa- 
rates a dry atmosphere in a test cell from 
the standard atmosphere of 50 per cent 
relative humidity at a temperature of 
73 F. on the other face. 

Apparatus 

3. The apparatus shall consist of the 
following: 

ia) Test Dish — ^An open mouthed cup 
or dish of such size and shape that it can 
be accommodated readily on the pan of 
an analytical balance. The area of the 
opening shall be as large as practicablej 
an area of at least 30 sq. cm, being 
preferred. The test dish shall be of such 
design that a wax seal can be made that 
will be impervious to leakage of water 
vapor and will define clearly the test area. 
Suitable designs for the dish with .sup- 
porting rings and fianges are shown in 
Fig. 1. Other modifications V. of these 
designs may be made, ' providing the 
principle, of preventing edge leakage by 
means of a complete wax seal is retained. 

(5) Template,’— K template for use in 
defining the test area and effecting the 
wax seal consisting of a circular metal 
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disk I in. ' in. thickness with the edge 
beveled to an angle of about 45 deg. The 
diameter of the bottom (smaller) face of 
the template shall not be greater than 
the diameter of the effective opening of 
the cell in contact with the specimen. 

(c) Desiccant — K desiccant having a 
powerful affinity for water vapor and a 
high drying efficiency, that is, a low 
vapor pressure after absorbing a large 


{d) Wax—Wdcxiox seafing the speci- 
men to the test dish, made up of equal 
parts of crude beeswax and rosin. This 
wax shall cling tenaciously to surfaces 
and shall not be brittle at ordinary room 
temperature. 

(e) Petrolatum— VQtmldXvim for ap- 
plication to the beveled edge of the 
template in order to facilitate removal of 
the template after sealing the test speci- 
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Fig. 1.— Several Types of Test Dishes. 


(f) 


amount of water. The desiccant shall 
remain essentially unchanged in physical 
condition and exert, while dry, no chemi- 
cal or physical action, other than dehy- 
dration effects, on membrane , materials 
with which it is in contact.^ The desic- 
cant used shall be in the form of small 
lumps, free from fines that will pass a 
No. 30 sieve. 


< Anhydrous magnesium perchlorate made by the G. 
Frederick Smith CO., Columbus, Ohio, has been found 
satisfactory . This substance may be explosive at elevated 
temperature and should not be regenerated. Anhydrous 
calcium chloride is also suitable. 


men to the dish. The petroleum jelly 
commonly used by druggists is suitable. 

(/■) Balance . — ^An analytical balance of 
200-g. capacity, sensitive to 0.001 g. 

(g) Tare . — tare which shall be a 
blank specimen and dish assembly, simi- 
lar to the test specimen assembly de- 
scribed in Section 4, except that no desic- 
cant shall be contained in the dish. The 
purpose of the tare is to minimize in suc- 
cessive weighings the effects of extraneous 
influences, such as moisture absorption 
by dish, wax, dust deposits, and changes in 
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I , ■ 

density of tlie confined air resulting from 
fluctuations in barometric pressure. 
The tare shall be subjected, along with 
the specimen assemblies, to the condi- 
; tioning atmosphere. 

(h) Test Chamher , — test room or 
cabinet provided with conditioned air 
maintained at 50 per cent relative hu- 
midity at 73 F., and continuously circu- 
lated at a rate not less than 500 ft. per 
min. over the exposed surface of the 
specimens under test. A suitable grill 
or reticulated rack shall be provided in 
the test room or cabinet, capable of sup- 
porting the inverted specimens in a man- 
ner to afford free access of the circulating 
air. 

Test Specimens 

4. Test specimens shall be representa- 
tive of the material being tested. At 
least four specimens from each sample 
shall be tested, one half being attached 
to the cell with the wire side out, and the 
other half with the felt side out. 

Procedure 

5. (a) Place sufficient desiccant inside 
the dish to cover the sheet area to a 
depth of at least 15 mm. 

(b) For paper and paperboard | in. 
and less in thickness affix the test speci- 
men to the dish as follows: Cut the test 
specimen so that its diameter is equal to 
that of the larger diameter of the tem- 
p^^^^ Place the sheet over the aperture 
of the dish and center it as closely as pos- 
sible on the supporting ring or flange. 
With the tip of the finger apply a thin 
film of petrolatum to the beveled edge of 
the template. Wipe off any petrolatum 
which may have been deposited on the 
smaller surface of the template. Center 
the template with the smaller surface 
down, exactly over the specimen and 
dish opening. Flow molten wax into 
the annular space surrounding the 
beveled edge of the template, using a 


medicine dropper to dispense the molten 
wax.. Remove the' template: from the 
sheet surface as soon as the wax: has^ 
cooled and solidified. 

(c) For fiberboards over | in. in thick- 
ness, modify the method of preparing the 
test assembly (Paragraph (b)) as follows: 
To prevent edge leakage, rotate the edge 
of the test specimen in molten wax of 
such fluidity that it does not penetrate 
into the edge more than in., suspend 
inside the dish to a distance of about one 
half the thickness of the specimen, and 
run molten wax around the edge of the 
specinien to seal it to the dish. 

(d) Weigh the assembly on the ana- 
lytical balance to 0.001 g., using the tare. 
Place the dish on the rack inside the test 
room or cabinet in an inverted position 
so that the layer of desiccant is in direct 
contact and evenly distributed over the 
inner face of the test sheet, and so that 
free access of the conditioned circulating 
air is provided on the exposed surface of 
the sheet. 

(e) Make successive weighings of the 
assembly at suitable intervals until a 
constant rate of gain is attained. For 
papers that are relatively pervious, the 
weighings should be frequent enough to 
complete the test before drops of liquid 
agglomerate are formed in the desiccant 
or caking of the desiccant occurs. These 
conditions will be mdicated by a drift 
from the constant rate of gain after which 
no readings should be recorded. Plot 
the weight gain against time. The slope 
of the resulting curve will furnish a 
measure of the water-vapor permea- 
bility. 

Report 

6. (a) The water-vapor permeability 
shall be reported as grams per square 
meter or ounces per square yard per 24 
hr. at 73 F. The calculation should be 
made for the period of constant rate of 
gain (Note). 
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Mote: Emmpk . — In a test run for 190 .hr. 
on an exposed area of 55 sq. cm. (0.0055 sq. m.), 
It was found tliat tlie rate of gain was substan- 
tiajiy constant after 18 br. and that during the 
subsequent 172 hr., the moisture absorbed, by 
the desiccant was 67 mg.; the water- vapor per- 

mcabflity is then = l-70,g. of 

moisture passing through 1 sq. m. of the material 
every 24 hr. at 73 F. from 50 per cent relative 
humidity on one face to desiccant in contact with 
the other. For purpose of calculation: ounces 
per 100 sq. yd. « grams per sq. m. X 2.95. 

(b) The permeability values shall be 
reported for each side of the sheet sepa-* 
rately, the side designated in each case 
being that which faced the higher hu- 
midity in the test. A suitable code 
designation should be used to distinguish 


between the two sides of the material, 
such as Side I and Side ll ; or when there ^ 
is an obvious difference between the two 
sides/ such as Side !, waxed, , and Side II, 
unwaxed. The report shall state what 
desiccant was used. 

Reproducibility 

7. Duplicate determinations should 
check within 10 per cent, depending 
largely on the variation in the sheet 
material itself. As the spread between 
very permeable sheets and those having 
a low permeability is at least a thousand- 
fold, a precision of 10 per cent on a given 
material will establish it quite definitely 
in the scale of permeabilities normally 
encountered in sheet materials. 
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Tentative Method of Test for 

WATER VAPOR PERMEABILITY OF PAPER AND OTHER 
SHEET MATERIALS AT ELEVATED TEMPERATURE 
AND HUMIDITY* 


A.S.T.M. Designation: D 830 - 45 T 

Issued, 1945. ^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., RMladelphia 3, Pa. 



Scope 

L This method of test covers the pro- 
cedure for determining the permeability 
to water vapor of paper and other sheet 
materials at high temperature and hu- 
midity. The influence of temperature 
and humidity on the water vapor transr 
mission of most sheet materials is not 
linear so that test results obtained under 
the standard atmospheric conditions pre- 
scribed in the Tentative Method of Test 
for Water Vapor Permeability of Paper 
and Paperboard (A.S.T.M. Designation: 
B 783)® cannot be extrapolated to apply 
to excessively warm, damp atmospheric 
conditions. This method provides a 
means of predicting the permeability 
that will occur under such conditions. 

Definition 

2. Water vapor permeability is de- 
fined for the purpose of this test as the 

J Under the stand ardizatioii procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

2 Accepted by Committee E-10 on Standards, June 27, 
1945..' ' ' 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


weight of water transmitted per unit of 
time, per unit area, measured while the 
specimen separates a dry atmosphere in 
a test cell from an atmosphere of 90 per 
cent relative humidity at a temperature 
of 100 F. on the other face. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Test Dish . — ^An open-mouth cup 
or dish of such size and shape that 
it can be accommodated readily on the 
pan of an analytical balance. The 
opening should be as large as practical, 
preferably with an area of at least 30 sq. 
cm. The test dish shall be of such 
design that a wax seal can be made that 
will be impervious to leakage of water 
vapor and will define clearly the test 
area. Suitable designs for the dish with 
supporting rings and flanges are shown 
in Fig. 1. Other modifications of these 
designs may be made, provided the 
principle of preventing edge leakage by 
means of a complete wax seal is retained. 
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(b) Tern flak.' — h. template for use in 
defining the test area and effecting the 
wax seal consisting of a circular metal 
disk fin. in thickness, with the edge 
beveled to an angle of about 45 deg. 
The diameter of the bottom face of the 
template shall not be greater than the 
diameter of the effective opening of the 
cell in contact with the specimen. 

(c) Desiccant— A desiccant such as 
anhydrous calcium chloride or mag- 


small lumps, free from fines that will 
pass a No. 30 (590-microii) sieve. 

(d) TFarr— Nonabsorbent wax for seal- 
ing the specimen to the testing dish, 
made up of 60 per cent amorphous wax,® 
and 40 per cent refined crystalline 
paraffin wax. The mixture shall cling 
tenaciously to surfaces, and shall not be 
brittle at room temperatures. It may 
be tested for vapor absorption by ex- 
posing a heavy coating on a glass plate 


Template 

i /-Specimen Expansion Ring 


^'^Fiartge 
^Expansion Ring 


/ ^Flange 


^Flange f 


^Specimen 


Wax Edge Seah''^ 

Top View Without Specimen Top View With Specimen in Position. 


Flange 


-- Specimen Max J ^'Temptafe 


n!f ^ 

Flange 

X^'^Expansion Ring 

\2^zn^^zzmzzzzzz2. 

Dish- (a] 


'""Specimen 
Dish''' (b) 





^-Templaie 


^"Specimen 
"Supporting Ring 


Dish-'-'' (c) 


WbX'N, ^^Tempiofe iVoXs Tempi of e Itox-* ^'-Aluminum Ring 

^■izr,r:.zzi:r-,:? 


^Specimen 

^^Dish 


'^Specimen 


"’Specimen 


Fig. 1. — Several Types of Test Dishes. 


nesium perchlorate, with a powerful 
affinity for water vapor and a high 
drying efficiency, that is, a low vapor 
pressure after absorbing a large amount 
of water. The desiccant shall remain 
essentially unchanged in physical con- 
dition and exert, while dry, no chemical 
or physical action other than dehydra- 
tion effects on membrane materials 
with which it is in contact.^ The 
desiccant used shall be in the form of 

■* Anhydrous magnesium perchlorate made by the G. 
Frederick Smith Co., Columbus, Ohio, has been found 
satisfactory. This substahce may be explosive at ele- 
vated temperature and should not be regenerated, An- 
hydisous calci\nn chloride is also suitable. 


to the test atmosphere and checking 
it for changes in weight. 

(e) Petrolatum . — Petrolatum for ap- 
plication to the beveled edge of the 
template in order to facilitate removal 
of the template after sealing the test 
specimen to the dish. The petroleum 
jelly commonly obtainable from druggists 
is suitable. 

(/) Balance . — ^An analytical balance of 
200-g. capacity, sensitive to 0.001 g. 
(g) A cabinet wherein cir- 


s Grades Nos. 2300, 230S, and 2310 of the Socony 
Vacuum Oil Co, are satisfactory for this purpose. 
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culating air shall' be maintained at 
100 rfc 1 F. and 90 ± 2 per cent relative 
humidity. Suitable racks or grills shall 
be provided to support the test specimens 
in the conditioned atmosphere which 
shall be circulated continuously. 

Qi) CQvers— Weighing covers for the 
test specimens shall be provided if the 
design of the cabinet is such that it is 
necessary to remove the specimens from 
the cabinet for weighing. These covers 
should consist of circular disks of alu^ 
minum to iu* in thickness, each 
with a suitable knob in the center for 
lifting. The cover shall fit over the test 
specimen when assembled and make con- 
tact with the inside beveled surface of 
the wax seal at or just above the plane 
of the specimen. All sharp edges shall 
be relieved to avoid removing any wax. 
Each cover shall be numbered or other- 
wise identified to facilitate its always 
being used with the same dish. 

Test Specimens 

4. The test specimens shall be repre- 
sentative of the material. At least two 
specimens shall be prepared for each t 3 ^e 
of test required. The different types 
of tests to be made as specified include: 
(1) flat specimens with designated side 
exposed to the high humidity, and (2) 
creased specimens, as specified, with 
designated side exposed to the high 
humidity. 

Procedure 

5. (a) Check the relative humidity 
and temperature of the test atmosphere. 
This is a difficult operation with some 
cabinets. Depending on the design of 
the cabinet this may be accomplished 
by using either a wet and dry-bulb 
thermometer, or a wet and' dry contact 
thermocouple (Note 1), or more approxi- 
mately, by checking the weight stability 
of appropriate saturated salt solutions 
(Note 2) exposed in crystallizing dishes 
to the test atmosphere. 


■ .Note 1. — Air at 100 F. and 90' per cent rela- 
tive humidity has a wet-bulb temperature of 

97.2 F. 

Note 2. — Saturated solutions of barium 
chloride, ammonium dihydrogen phosphate, and 
potassium sulfate are in weight equilibrium 
with 88 per cent, 91.5 per cent, and 96 per cent 
humidity, respectively. 

(6) Place sufficient desiccant inside 
the dish to cover the sheet area to a 
depth of at least 15 mm. Cut the test 
specimen so that its diameter is equal 
to that of the larger diameter of the 
template. Place the sheet over the 
aperture of the dish and center it as 
closely as possible on the supporting 
ring or flange. With the tip of the finger 
apply a thin film of petrolatum to the 
beveled edge of the template. Wipe off 
any petrolatum that may have been 
deposited on the smaller surface of the 
template. Center the template with 
the smaller surface down, exactly over 
the specimen and dish opening. Flow 
molten wax into the annular space sur- 
rounding the beveled edge of the tem- 
plate. Remove the template from the 
sheet surface as soon as the wax has 
cooled and solidified. Remove loose 
wax and check seal for flaws. 

(c) To use the template shown in Fig. 
1 (5), fill the desiccant into a suitable 
tray, center the specimen on the tem- 
plate, and place the tray on the specimen. 
Place the inverted dish in position, make 
the wax seal as described in Paragraph 
(J), and invert the assembly. 

(d) To use the type of test dish shown 
in Fig. 1 (c)j seal one specimen in position, 
then invert the assembly, practically 
fill the desiccant space with the desic- 
cant, taking care not to leave any 
powder on the sealing ledge, and seal 
the other specimen in position. 

(^) Prepare the desired number of 
specimen assemblies for test and number 
each test dish. Place them on the 
shelves of the test cabinet at 1001 F. 
and 90 per cent relative humidity for a 
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period of at least 16 hr. When the. 
conditioning period is judged to be 
completed this may take several days 
for very impermeable specimens), make 
successive weighings daily until a con- 
stant rate of gain is attained. This is 
best accomplished by plotting the cumu- 
lative gain in weight in milligrams of 
each assembly against the elapsed time 
in the cabinet, until at least three, and 
preferably four, of the resulting points 
are in a straight line. 

(f) If the design of the cabinet is 
such that weighings cannot be made 
without removing the specimens, open 
the cabinet and cover each dish with 
its correspondingly niiiiibered cover, as 
it becomes accessible in the cabinet. 
Weigh each numbered dish and cover, 
in numerical sequence, on an analytical 
balance to the nearest 1 mg. Record the 
weight of each and replace them in the 
shelf of the cabinet, removing the covers 
as they are returned. Covers should be 
kept in a dust-free place, each preferably 
resting flat on three pointed supports. 
Note the time, and allow the specimen 
assemblies to remain in the cabinet for 
a suitable interval (approximately 24 
hr. or longer). 

(g) At the end of this period, note 
the time and again weigh to the nearest 
1 mg. each assembly with its correspond- 
ing cover in position in the same se- 
quence as before. Again replace them 
in the cabinet, removing the covers as 
they are returned, and note the time. 
Make successive weighings of the as- 
semblies at suitable intervals until a 
constant rate of gain in weight is at- 
tained. 

(h) It is important that the assemblies 
be weighed in numerical sequence and 


replaced in the cabinet in the same 
order each time the weighings are made. 
Precisely the same routine of weighing 
and replacing the test assemblies shall 
be followed in detail at each interval to 
minimize possible sources of error. 

Calculation 

6. The water vapor permeability shall 
be calculated as grams per square meter 
per 24 hr. at 100 F. and for a moisture 
gradient as defined in this method. The 
calculation shall be made for the pe- 
riod of constant rate of gain or loss. 

Note: Example.'---ln a test run of 120 hr. 
on an exposed area of 55 sq. cm. (0.0055 sq.m.) 
it was found that the rate of gain was substan- 
tially constant after 48 hr., and that the increase 
in weight for the next 72 hr. was 25 mg. The 
water vapor permeability was: 


0.025 X 24 
0.0055 X 72 


1.5 g. per sq. m. per 24 hr. 


Report 

7. The report shall include the fol- 
lowing: 

(1) The average, maximum, and mini- 
mum values for each type of test made 
(to two significant figures), 

(2) The type of test, for example, 
‘This test made on uncreased specimens 
with side I exposed to the high 
humidity,’’ or “this test made on creased 
specimens with coated side exposed to 
the high humidity,” and 

(J) Desiccant used. 


Reproducibility 

8. Using different pieces of apparatus 
indifferent laboratories, the results ob- 
tained by this method should be within 
20 per cent of the mean, or 0.2 g. per sq. 
m. per day, whichever is the larger. 



TECHinCAI, ASSOCIATIOK OF POLP AND PAPER IHDFSTHI 
STANDARD METHOD T«66a-46 


Tentative Method of Test for 
DEGREE OF WET CURL OF PAPER' 



A.S.T.M. Designation; D 826 - 4S T 

Issued, 1945.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa* 


Scope 

1. This method of test covers the 
procedure for determining the maximum 
curvature developed and the time re- 
quired to reach this maximum curvature 
by means of bringing one side of the 
test specimen in contact with water. 
The relative tendency of certain papers, 
especially printmg papers, to curl under 
normal conditions of usage (Note) is 
indicated by the maximum curvature.^*^ 
The time required to reach maximum 
curvature is a measure of the relative 
degree of sizing, such as secured with 
rosin.^ 

Note.— T he factors out of which curling 
troubles grow are many and complex. It is 
therefore necessary to use caution in interpreting 
curling data obtained by this test in connection 
with certain types of curling troubles. A high 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-6 on Paper and Paper Products. 

2 Accepted by Committee E-10 on Standards, June 27, 
1945. 

. 8 F. T. Carson and V. Worthington, “Simplified Curl 
Tester for Paper,*' and Paper World, Vol. 

22, No. 3, June, 1940, pp. 246-247. 

F. T. Carson and V. Worthington, “Mcasurmg the 
Degree of Curl of Paper," Journal of Research, Nat. Bu- 
reau Standards, Vol. 30, No. 2, February, 1943, p. 113. 
(Research Paper RP 15 22.) 

® F- T. Carson, “New Sizing Tester for Paper,” Paper 
Trade Journal, Vol. 79, No. 17, October 23, 1924, pp. 44-45. 


wet curl test does not necessarily mean that the 
paper will, in every case, curl in practice. 

Apparatus 

2. {a) Curl Tester . — The curl tester 
(Fig. 1) consists of a float near the 
center of which is a rectangular wetting 
aperture approximately 2 in. in length 
(perpendicular to plane of figure) and 
having a width, Z, which is adjustable 
from 0 to about 1 in. A stop, /f, is 
provided to hold one end of the test 
specimen at a jflxed angle, F, A scale, 
with stippled surface, graduated in 
degrees, is fastened to the float to 
indicate the movement of the pointed 
end of the test specimen. 

Note.— T he curl sizing tester is avaiiabie for 
testing both the degree of cur! and the rate of 
curl. For the latter purpose, the apparatus 
contains a built-in stop watch which starts auto- 
matically ' when the specimen Is lowered to the 
water. 

[b) Stop Watck'—A stop, watch or, 
other suitable timing device* 

(c) Water.-— 'A vessel containing water 
at 23 d= 2 C. ■ Distilled water is prefer- 
able, but drinking water of reasonable 
purity may be used. 
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Test Specimens 

3. The test specimens shall be cut in 
the shape of right trapezoids with an 
altitude of 1| in. in the machine direction 
and bases of If in. and 2| in. extending 
in the cross direction.^ Specimens shall 
be conditioned before testing as pre- 
scribed in the Standard Method of Con- 
ditioning Paper and Paper Products for 
Testing (A.S.T.M. Designation: D 685).® 

Procedure 

4. (a) Make the tests in an atmos- 
phere conditioned as prescribed in the 
A.S.T.M, Method D 685. 



WETTING J 
APERTUREsL 1 

Fig. 1. — Curl Tester. 

(5) Degree of Curl . — Place the float on 
the water; place the square end of the 
trapezoidal test specimen under the 
stop with the longest, pointed side 
adjacent to the scale, and allow the 
specimen to fall across the aperture and 
become wet over that area. Read the 
scale angle reached by the point of the 
specimen at the instant the direction of 
curling reverses. If this angle is less 
than 30 or more than 60 deg., adjust the 
width of the aperture until the angle 
lies within the desired range. In gene- 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


ral, if the curve of the specimen departs 
noticeably from a circular cylindrical 
surface, reduce the width, in the cross 
direction, of the wetted portion of the 
specimen until the curve is substantially 
circular. Test at least five specimens 
in this way from each side of the paper, 
making sure that the top of the float is 
dry before each test. Add the average 
scale angle to the fixed angle, F (approxi- 
mately 30 deg.) which the square end of 
the specimen makes with the horizontal. 
Divide this sum by the width in centi- 
meters of the aperture used (length of arc 
of wetted, curled portion of specimen in 
cross direction). The result is the maxi- 
mum curvature in degrees per centimeter 
of arc, 

(c) Rate of Curl . — Place the test 
specimen in the apparatus as described 
in Paragraph (5). With the stop watch 
determine the time from contact of the 
specimen with the water until the 
maximum curvature is reached, that is, 
until the point of the specimen reverses 
its direction of movement. For this 
test it is preferable to adjust the width 
of the aperture so that maximum curva- 
ture is reached near the middle of the 
scale. Test at least five specimens from 
each side of the paper. 

Report 

5. The report shall include the fol- 
lowing: 

(1) Degree of Curl . — ^The average 
value and the range of maximum curva- 
ture, in degrees per centimeter of 
aperture width, and 

(2) Rate of Curl . — The average value 
and the range of time in seconds to 
reach maximum curvature. 


Tentative Method of 

COMPRESSION TEST FOR SHIPPING CONTAINERS^ 



A.S.T.M, Designation: B 642 45 T 
Issued, 1945.* 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures 
for use pending adoption as standard. Suggestions for revisions should, 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, (a) This method covers two pro- 
cedures for making compression tests 
on shipping containers, usually on the 
containers without contents, as follows: 

Procedure A for measuring the ability 
of the container to resist external com- 
pressive loads applied to its faces, and 

Procedure B for measuring the ability 
of the container to resist external com- 
pressive loads applied to diagonally 
opposite edges or corners. 

(5) Either method of applying load 
may be used to compare the character- 
istics of a given design of container with 
a standard or to compare the character- 
istics of containers differing in construc- 
tion. These procedures are suitable 
for testing boxes, crates, barrels, drums, 
kegs, and pails made of metal, wood, 
fiberboard, and combinations of these 
materials. 


^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-10 on Shipping Containers. 

“ Accepted by Committee E-10 on Standards, August 
27.1945. 

Prior to its present publications as tentative, this 
method was published as tentative from 1941 to 1943. It 
was adopted in 1943 and published as standard from 1943 
to 1945 when it was revised and republished as tentative. 


Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Testing Machine. — compression 
testing machine of accepted design and 
capacity. It shall be calibrated in 
accordance with the Standard Methods 
of Verification of Testing Machines 
(A.S.T.M. Designation: E 4).® If the 
machine is not equipped with an auto- 
graphic recording device that records 
load and deformation, auxiliary equip- 
ment shall be provided to measure 
deformation. 

{b) Sealing Equipment for Fiberboard 
Suitable facilities, including 
sealing boards and proper adhesive, 
for sealing both the top and bottom flaps 
of box specimens wiAout bracing ma- 
terial within the boxes that will give 
false results as to compressive strength. 

(c) Conditioning Apparatus. — Ade- 
quate facilities for conditioning test 
specimens at proper humidity and tem- 
perature prior to test in accordance with 
the requirements of the specifications 
covering the containers to be tested. 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(d) Miscellaneous EquipmenL — ^Dry- 
ing oven, scales, knife,, saws,, etc., for 
use in determination of the moisture 
content or for making other supple- 
mentary tests of the materials from 
which the containers are made. 

Test Specimens, and Number of Tests 

3. (a) The containers being tested 
shall be complete in all respects with 
any and all interior packing. Tests 
shall be made on containers with or with- 
out contents as prescribed. Packed 
containers shall be closed and strapped 
in the same manner as will be used in 
preparing them for shipment. 

(i) Performance normally should be 
based on tests of not less than three 
representative specimens of a given sijze 
and type of container, No specimen 
shaE be used for more than one type of 
test. 

Sealing Fiberboard Containers 

4. (a) The box specimen shall be 
sealed so as to avoid distortions that 
may affect its load-bearing ability. 
The method of preparing the test speci- 
men as described in Paragraphs (b) to 
(e) wEl accomplish this, but any method 
that will produce the same result may 
be used. 

(5) The box specimens shall be sealed 
as follows: The box blank shaE be 
squared up and each flap in turn bent 
backward 180 deg, on the score line and 
then forward 270 deg. to the normal 
closure position. Starting with either 
the top or bottom of the box, the short 
or inner flaps shaE be closed first and 
each of them shaE be given a uniform 
application of adhesive, such as sEicate 
of soda. Then the long or outer flaps 
shaE be closed onto the glued surface 
of the inner flaps. The adhesive shall 
be kept at least § in. away from the 
score lines. The closure shall be placed 
flat on a solid level surface and a flat, 


rigid board sEghtly smaller ■ than the 
closure area placed on the inner surface 
of the closure, and weight applied to the 
board by one of the foEowing means: , 

(!) Placing weights on the board, or 

(2) ' Inserting a screw hook through 
a slot in the work bench and through 
the mid-point of the junction of the 
outer flaps into the board, from which 
screw hook a weight is suspended, or 

(3) Making a hole in the center of 
the board through which a carriage 
bolt is passed down through the junc- 
tion of the flaps and through a slot 
in the bench to receive a large wing 
nut which tightens the board in place, 
thus transmitting pressure to the 
glued surfaces. 

(c) When the first closure glue has 
set sufficiently to allow handling, the 
boards and weight or bolt shall be re- 
moved. 

(d) The other face of the box specimen 
shall be sealed as follows: A board 
similar in size to that used for the first 
closure shaE be suspended in the opening 
of the box. A carriage bolt or screw 
hook shall be placed so that it extends 
upward through the center of the board. 
The short or inner flaps shall be flexed 
first outward and then inward as de- 
scribed in Paragraph (&), and then 
brought to rest on the board, and given 
a coating of glue. Then the longer or 
outer flaps shall be flexed outward and 
inward and brought to rest on the glued 
surfaces. Pressure shall then be applied 
to this glued joint by one of the foEowing 
means: 

(1) Inverting the box with the 
screw hook extending through a slot 
in the work bench and suspending 
from the book sufficient weight to 
ensure firm contact, or 

(2) Inverting the box with a bolt 
extending through a slot and tighten- 
ing a wing nut on the bolt to exert 
pressure, or 
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(J) Slipping a second board down because it is of such a size as to prevent 

over the bolt, and tightening the nut wedging. 

to draw the two boards together, thus 

holding the glued joint while it sets. Conditioning 

(e) W'hen the glue has set, the clamp- S. Depending on the purpose of the 


Fig. 1. — Compression Applied Top-to-Bottom. 


Fig. 2. — Compression Applied to Diagonally Opposite Edges, 
ing device shall be released, thus obtain- tests, the containers may be conditioned 


ing a completely sealed box without 
contents, except for the inner- sealing 
board, which falls loose from the flaps 
and will not ofler any support to the box 


prior to the compression test by either 
water immersion, exposure to water 
spray, or exposure to fixed conditions 
of air temperature or humidity. 
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Moisture Content 

6. When determination of moisture 
content is required, the following pro- 
cedures shall be used: 

(a) Fiberhoard , — ^The moisture con- 
tent of fiberboard at the time of test 
shaE be determined in accordance with 
the Standard Method of Test for Mois- 
ture in Paper, Paperboard, and Paper- 
board and Fiberboard Containers (A.S. 
T.M. Designation : D 644) 

{b) Wood , — ^The moisture content of 
wood at the time of test shall be deter- 
mined by selecting duplicate samples 
from different parts of the container, 
immediately following the test, of ap- 
proximately 2 cu. in. each, weighing to 
the nearest 0.1 g., drying to constant 
weight at 100 to 105 C. (212 to 221 F.), 
and reweighing. The moisture content 
shall be expressed as a percentage of the 
oven-dry weight of the specimen. 

Procedure A 

7. (a) Procedure A shall be used for 
measuring the ability of the container 
to resist external compressive loads 
appEed to its faces. The compression 
test shall be made top-to-bottom, end- 
to-end, or side-to-side. 

(b) The specimen shall be centered 
on the bottom platen of the testing 
machine, so as not to incur eccentric 
loading. The top platen shaU then be 
lowered until it comes in contact with 
the specimen (see Fig. 1). An initial 
pressure of SO lb. shall then be applied 
to insure a definite contact between the 
specimen and the platens. The distance 
between the platens at this time shaE be 
recorded as zero deformation. With 
this 50-lb. load on the specimen, the 
autographic load - deformation recorder 
pen shall be set at zero deformation. 
If the testing machine is not fitted with 
an autographic recorder, the test load 
shaE be recorded for every 0.1-in. or 



|-in. deformation of the container. The 
load shall be applied with a continuous 
motion of the movable head of the test- 
ing machine, at a speed of § zt | in. 
per min., until failure and maximum 
load or either has been reached. 

(c) For each type of loading, critical 
points shall have been established and 
the compressive load at these critical 


Compression Applied to Diagonally 
Opposite Corners. 

shall be recorded, to- 
gether with the maximum load and 
deformation. 


8. Procedure B shall be used for 
measuring the ability of the container 
to resist external compressive loads 
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applied to diagonally opposite edges or 
corners. ■ ■ This test shall be made as 
described in Section 7, except that the 
container shall be centered in the ma- 
chine on diagonally opposite edges 
(Fig. 2) or diagonally opposite corners 
(Fig. 3). The upper platen shall be^ 
fixed; that is, not equipped with a 
swivel joint. 

Report 

9. The report shall include the fol- 
lowing: 

(i) Dimensions of the container un- 
der test; its complete structural spec- 
ifications; kind of material; description 
and specifications for blocking and 
cushioning, if used; spacing, size, and 
kind of fasteners; method of closing and 


strapping; and the net and gross weights. 

(2) Description of the contents of the 
container, unless it is tested empty, 

(J) A detailed record of the test on 
each container, including damage to the 
container and contents, together with 
any observations which may assist in 
correctly interpreting the results or aid 
in improving the design of the container, 
(4) A graph or table showing the load - 
deformation relations for each test, 

(J) The method, if any, of condition- 
ing the container; the moisture content, 
if determined, of the wood, plywood or 
fiberboard; and the results of any 
supplementary tests of the materials 
from which the container is made. 

(6) A statement to the effect that all 
tests were made in full compliance with 
this method. 



'Tentative Method of 
DROP TEST FOR SHIPPING CONTAINERS ‘ 


A-S.T.M. Designation: B 775 -45 T 
Issued, 1944; Revised, 1945.® 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 



Scope 

L {d) This method covers two pro- 
cedures for making drop tests on loaded 
shipping containers, as follows: 

Procedure A for measuring the ability 
of the container and inside packing 
materials to provide protection to its 
contents, and 

Procedure B for measuring the ability 
of the container to withstand rough 
handling, and for providing information 
useful in improving the design of the 
container. 

{h) Either procedure may be used to 
compare the characteristics of a given 
design of container with, a standard or to 
compare the characteristics of containers 
differing in construction. These pro- 
cedures are suitable for testing boxes, 
crates, barrels, drums, kegs, and pails 
made of metal, wood, fiberboard, or 
combinations of these materials, 

(r) The procedures prelcribed in this, 
method are particularly suitable for 
containers that normally will be handled 
by manual methods in shipment. Con- 

^ I Under the standardiaation procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-10 on Shipping Containers. 

2 Revision accepted by Committee E-10 on Standards, 
August 27, 1945. 


tainers having a gross weight of about 
300 lb. or more, or containers of large 
size, may be more satisfactorily tested 
on the incline-impact tester.^ 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Drop Test Apparatus . — ^Any suit- 
able apparatus may be used that con- 
forms to the following requirements: 

(1) Permits accurate prepositioning 
of the container to assure a true fall 
and impact at the exact places and 
in the direction desired, 

(2) Permits accurate and con- 
venient control of the height of drop, 

(J) Facilitates handling and eleva- 
tion of the containers, particularly 
when weights are in higher brackets, 

{4) Utilizes lifting devices that will 
not damage the containers, 

(5) Permits an absolutely free, un- 
obstructed fall, 

{6) Provides for variations in height 
of drops within limits of anticipated 
requirements, and 


3 Tentative Method of Iodine Impact Test for Shipping 
Containers (A.S.T.M. Bcsignation; D 880), see p. 1271. 
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(7) Provides a; solid surface of- tested in accordanee with Procedure A, it 
concrete, stone, or steel of sufficient shall be packed with the actual contents 
mass to absorb ail shock without for which it was designed/ 7^ Pro- 
deflection. cedure B is used, the, container may be 

(&) Conditioning Apfarains—Kdit- packed with either the actual contents or 
quate facilities for conditioning test with a dummy load simulating these con- 
specimens at proper humidity and tern- tents. Regardless of which procedure is 
perature prior to test in accordance with used, the container shall be closed and 



Fig. 1. — Diagram Showing Identification of Faces, Edges, and Corners of Containers. 

the requirements of the specifications strapped in the same manner as wiU be 
covering the containers to be tested. used in preparing it for shipment. 

{c) Miscellamous Equipmenir-Diy- Q>) The procedure for the identifica- 
ing oven, scales, knife, saws, etc. for tion of the faces, edges, and corners ^of 

use in determination of the moisture containers shall be as follows (see Fig. 

content or for making other supple- 1): Facing one end of the container, 

mentary tests of the materials from with the manufacturers Joint on the 

which the containers are made.' observer’s right if the container is fiber- 

board, designate the top of the container 
Test Specimens' and Humher of Tests ^5 the right side as 2, the bottom as J, 
{a) When the container is to be tbe left side as 4, the near end as 5, and 
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the far end' as 6. Identify the edges 
by the numbers of the two faces that 
form that edge; for example, identi- 
fies the edge formed by the top and the 
right side, and ^-5 the edge formed by 
the right side and the near end. (The 
latter is the edge having the manufac- 
turer's joint, in fiberboard containers.) 
Identify the corners by the numbers of 
the three faces that meet to form that 
corner; for example, 1-2-5 identifies the 
corner where the top, the right side, and 
the near end meet. 

(c) Performance shall be based on 
tests of not less than five representative 
specimens of a given size and type of 
container. 

Conditioning 

4. Depending on the purpose of the 
tests, the containers may be conditioned 
prior to the drop test by either water 
immersion, exposure to water spray, or 
exposure to fixed conditions of air tem- 
perature or humidity. 

Moisture Content 

5, When determination of moisture 
content is required, the following pro- 
cedures shall be used: 

{a) Ftberhoard , — ^The moisture con- 
tent of fiberboard at the time of test 
shall be determined in accordance with 
the Standard Method of Test for Mois- 
ture in Paper, Paperboard, and Paper- 
board and Fiberboard Containers (A.S. 
T.M. Designation: D 644).^ 

{h) Wood : — ^The moisture content of 
wood at the time of test shall be deter- 
mined by selecting duplicate samples 
from diSerent parts of the container, 
immediately following the test, of ap- 
proximately 2 cu. in. each, weighing 
to the nearest 0.1 g., drying to constant 
weight at 100 to 105 C, (212 to 221 F.), 
and reweighing. The moisture content 
shall be expressed as a percentage of the 
oven-dry weight of the specimen. 


* Appears in this pubHcation, see Contents in Numeric 
Sequence of A.S.T.M . Designations at front of bpofe:. 


General Procedure ■ 

6. {a) Containers may be dropped 
on a corner, a face, or an edge, or on each 
in a specified sequence. Before dropping 
on a corner or edge, the container shall 
be positioned with the center of gravity 
of the container and contents over the 
point or edge of impact. In the edgewise 
drop test, the edge on which the con- 
tainer is to drop shall be positioned in a 
horizontal line, parallel with the flioor or 
base on which the container drops. In 
the flatwise drop test the face on which 
the container is to fall shall be positioned 
in a parallel plane with the floor. When 
the table-top drop test apparatus (see 
Appendix) is used, the container shall 
be placed in the center of the table and 
dropped by releasing the trap doors, 
which fall away quickly, allowing the 
container to fall vertically and freely 
to the floor or base. When the hoist- 
sling apparatus (see Appendix) is used, 
the container shall be properly lined 
up and the release hook or latch tripped 
allowing the container to fall vertically 
and freely to the floor or base. 

{h) Height of Drop , — The height from 
which containers shall be dropped will 
depend upon the purpose of the test. 
In some instances the height and num- 
ber of drops will be prescribed in the 
specifications for the container. 

Procedure A 

7. (a) Procedure A shall be used for 
measuring the ability of a container to 
provide protection to its contents. In 
this procedure, the drop test includes 
cornerwise, edgewise, and flatwise drops, 
with the exception that if the container 
is long and narrow, the flatwise drops 
on the long faces may be omitted. 

(6) The container and contents shall 
be dropped from the prescribed height 
(Section 6(6)) in the following sequence, 
which constitutes the first cycle of 10 
drops: 

(i) A comer drop on the 5-i-2 
■ comer, 
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! 

(2) An edge drop on the shortest, 
edge radiating from that corner, . ' 

(3) An edge drop on the next short- 
est edge radiating from that corner, ■ 

I (4) An edge drop on the longest 

edge radiating from that corner, 

(5) A flatwise drop on one of the 
smallest faces, 

(6) A flatwise drop on the opposite 
smallest face, . 

(7) A flatwise drop on one of the 

; medium faces, 

(8) A flatwise drop on the opposite 
medium face, 

(9) A flatwise drop on one of the 

! largest faces, and 

j (10) A flatwise drop on the oppo- 

I site large face. ' 

;i (c) The second cycle of 10 drops shall 

? be started with a drop on the 6-3-4 
corner, which is diagonally opposite to 
the corner on which the first drop was 
made, and completed in the sequence 
prescribed in Paragraph (6). 

(d) When additional cycles of 10 
I drops each are necessary, they sha ll be 

.;| started at the following corners and 

ij completed in the sequence prescribed 

, in Paragraph (b) : 


I'f 

I Cycle Corner 

Third 5 - 2-3 

iji Fourth ■ 6 - 1-4 

I; .Fifth 5 - 3 ^ 

\ Sixth 6 - 1-2 

Seventh 5 - 1-4 

\ Eighth 6 - 2-3 


{e) The test shall be continued until a 
specified predetermined number of drops, 
estimated to be equivalent to rough 
handling in actual service, have been 
given the container, at which time the 
container shall be opened and the con- 
tents. inspected. 

Procedure B 

8. {a) Procedure B shall be used for 
measuring the ability of the container 
to withstand rough handling* In this 


procedure the drop test generally con- 
sists only of cornerwise drops. 

(6) The container and contents shall 
be dropped cornerwise from the pre- 
scribed height (Section 6(h)) on the floor 
or base in the following sequence of 
drops: 5-1-2^ 6-3-4, 5-2-3, 6-1-4, 5-3-4, 
6-1-2, 5-1-4, and 6-2-3. These eight 
cornerwise drops shall constitute one 
cycle. Additional cycles shall be made 
at increased heights until failure of the 
container results. Failure, depending 
upon the purpose of the test, may be 
considered to have occurred when: (a) 
the contents are exposed, or (h) the 
contents spill from the container, or 
(c) one edge breaks open along its entire 
length, or {d) some other predetermined 
type of damage has occurred. 

Report 

9. The report shall include the fol- 
lowing; 

(1) Dimensions of the container under 
test; its complete structural specifica- 
tions; kind of material; description and 
specifications for blocking and cushion- 
ing, if used; spacing, size, and kind of 
fasteners; method of closing and strap- 
ping, if any; and the net and gross 
weights. 

(2) Description of the contents of the 
container under test. 

(3) A detailed record of test on each 
container, including damage to the 
container and contents, together with 
any other observation which may assist 
in correctly interpreting the results or 
aid in improving the design of the con- 
tainer or the method of packing, block- 
ing, or bracing. 

(4) The method, if any, of condition- 
ing the container; the moisture content, 
if determined, of the wood, plywood, or 
fiberboard; and the results of supple- 
mentary tests of the materials from 
which the container is made, 

(5) A statement to the effect that all 
tests were made in full compliance with 
this method. 
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APPENDIX 


Drop Test Apparatus 






DivMei Table-Top Drop Test Apparatus . — 

When tMs device is used, it shall be constructed 
substantialiy as follows: It shall consist of four 
corner uprights held together and braced by 
adequate supports, with a double trap door top 
meeting at the center of the drop. The uprights 
shall have holes bored at 1-in. centers, or be pro- 
vided with suitable clamps so that the height ' 

of the trap door can be adjusted to suit the test. 

A minimum distance of 21 in. and a maximum 
distance of 48 in. is suitable for most purposes. 

For drops from heights of more than 48 in. or 
less than the trap door width, the hoist-sling 
apparatus described below shall be used. The 
trap doors shall be hinged to the frame on either 
side and shall meet flush at the center and be 
held horizontal with metal pins or with any other 
suitable tripping device that will permit the two 
sections of the top to fall away simultaneously. 

A plumb bob shall be suspended directly above 
the center of the table top for use in positioning 
the container with diagonally opposite corners 
or edges in a vertical line. 

Moist with Suitable Slings, Tripping Device, 
and Hooks, — ^When this equipment is used, it 
shall conform substantially to the requirements Fig. 2r 
shown in Figs. 2 and 3. • 
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FiO. 3. — ^Tripping Device for Hoist-Sling Drop Test Apparatus 



Tentative Method of 

INCLINE IMPACT TEST FOR SHIPPING CONTAINERS^ 



A.S.T.M, Designation: D 880 - 46 T 
Issued, 1946.2 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope Apparatus 

1. (a) This method covers two pro- 2. The apparatus shall consist of the 
cedures for making incline impact tests following: 

on loaded shipping containers, as follows: {a) Inclined Track, Bumper, arid 

Procedure A, to determine the Dolly — principal apparatus consists 
ability of a container to withstand of a twn-rail steel track inclined 10 deg. 
impact stresses, and from the horizontal, a rolling carriage or 

Procedure B, to determine the dolly, and a rigid bumper. The bumper 
ability of a container or interior shall be a wood barrier constructed at the 
packing, or both, to provide protection bottom of the incline, wdth the plane of 
to the contents, when subjected to the face perpendicular to the direction of 
impact stresses. movement of the carriage. The bumper 

(&) Either procedure may be used to shall be equipped with a removable 
obtain average results permitting a crosswise nominal 4 by 4-in. timber used 
comparison of dififerent designs of con- as an optional hazard that can be so 
tainers of the same size and carrying the placed as to contact the container at the 
same load. These procedures are suit- time of impact at any desired position 
able for testing various types of con- between top and bottom edges of the 
tainers such as boxes, crates, barrels, container. The track shall accommo- 
drums, kegs, or pails made of metal, date the flat-bed rolling carriage or dolly 
wood, fiberboard, or combinations of which is equipped with steel wheels 
these materials. and a renewable wood or plywood face. 

(c) The procedures prescribed in this (For tests of fiberboard containers the 
method are particularly suitable for face of the dolly shall be covered with 
testing large or heavily loaded containers, canvas.) The wood faces of the carriage 

and the bumper shall be maintained 

free of prombent projections which may 
affect thetest results, such as bolt or nail 
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Fig. 1. — ^Incline Impact Test Apparatus. 
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heads, scores, abrasions, and splits. The Calibration 
track shall be clean and the wheels well ^ / n . 

lubricated. The incline shall be gradu- apparatus shall 

ated in increments of 6 in. and may be calibrated so that the velocity 

equipped with an automatic counting attained at point of impact is known for 
device which records each passage of the increment of height (or length of 

dolly to the lower end of the track. The travel) . A chart or graph shall be 
apparatus may also have a cable and prepared from these values from which, 
winch, or pulleys, to aid in bringing the for any desired velocity at impact, the 
dolly to the elevated end of the track and height of the release point (or length of 
an automatic tripping device for releasing travel) may be selected. 



Fig. 2. — Impact on Edge of Container. 


the dolly from a predetermined point on 
the incline. Construction details and a 
typical apparatus^ are shown in Figs. 1, 
2, and 3. The wheels shall be not less 
than 3 in. in diameter. 

(6) Conditioning Apparatus , — ^Proper 
facilities for conditioning test containers 
at humidity and temperature in accord- 
ance with specification requirements. 

(c) Miscellaneous Equipment. — ^Dry- 
ing oven, scales, sharp knife, saw, etc., 
for taking samples for determination of 
the moisture content of the containers, 

detailed description of this apparatus with con- 
struction drawings appears in Freight Container Bulletin 
673, Freight Loading and Container Section, Assn, of Am. 
Railroads, 59 E. Van Buren St., Chicago 5, 111. 


(5) The calibration shall be made on 
the empty dolly and may be made by any 
suitable apparatus such as an electric 
timing device by which the velocity may 
be determined in units of 0.01 ft. per sec. 
If a timing device is used, the average 
velocity shall be calculated from the 
known length of roll and the elapsed 
time. The velocity at impact shall be 
taken as twice the average velocity. 

Test Specimens 

4. (a) When the container is being 
tested by Procedure A to deterimne the 
ability of the container to withstand 
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impact stresses, it may be packed with 
either the actual contents or with a 
dummy load simulating such contents. 
When the container is being tested by 
Procedure B to determine the ability of 
the container or ulterior packing, or both, 
to provide protection to the contents, it 
shall be packed with the actual contents 
(Note) for which it was designed. In 
either procedure the container shall be 


the . far end .as, 6 \ The edges , shall be 
identified by the numbers of the two faces 
which form that edge; for example, 
identifies the edge where the top and 
right side meet, and 2-5 the edge formed 
by the right side and the near end. (In a 
fiberboard container, this edge will have 
the manufacturer's joint.) The corners 
shall be identified by the numbers of the 
three faces which meet to form that 



Fig. 3. — ^Impact on End of Container with 4 by 4-in. Timber in Position to Contact Lower Edge. 


closed, strapped, or sealed in the same 
manner as will be used in actual shipment. 

Note. — Certain contents or ingredients of 
the objects under test may be replaced by inert 
materials of approximately the same weight and 
characteristics, 

(6) The faces, edges, and corners of 
the box shall be identified, as follows: 
Facing one end of the box (in the case 
of a fiberboard container, with the 
manufacturer's joint on the right), the 
top of the container shall be designated 
as i, the right side as 2 , the bottom as 
the left side as 4, the near end as 5, and 


corner; for example, identifies the 
corner where the top, the right side, and 
the near end meet. This identification 
is illustrated in Fig. 4. 

(c) In the case of other than rectangu- 
lar containers, any convenient and 
adequate system of identification may 
be used. 

Number of Tests 

5. A minimum of five identical speci- 
mens, or more depending on the objeG- 
tives of the test, shall be tested to obtain 
an average result. 
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Conditioning . Fiberboard: Containers ; .(A.S.T.M, Des- 

, 6. Depending, on the purpose of the . . ignation: D 644).^ 
test, the , containers, may be conditioned ' ® Wood— Th.Q moisture ,■ content ■ of 

prior to the incline impact test by either a wood shall be determined by selecting a 
different physical test, water immersion, minimum of eight samples from different 
exposure to water spray or exposure to parts of the box, immediately following 
fixed conditions of air temperature or the test, of approximately 2 cu. in. each. 



Fig. 4. — Identification of the Faces, Edges, and Comers of Test Specimen. 


humidity, or other anticipated service 
conditions. 

Moisture Content ■ 

7. When the moisture content must be 
determined tfie following procedures 
shall be , used: 

(a) Fiberioard,— The moisture con- 
tent of fiberboard at the time of test shall 
be determined in accordance with the 
Standard Method of Test for Moisture in 
Paper, Paperboard, and Paperboard and 


They shall be weighed to the nearest 0.1 
g., dried to constant w^eight at 1CM3 to 
105 C. (212 to 221 F.), and reweighed. 
The moisture content shall be expressed 
as a percentage of the oven-dry weight 
of the specimen. 

Distance of Travel 

■ 8. The': distance from the bumper at 
which the dolly and ..container shall be 
released will depend upon the purpose 

Appears m this pu'bHcation, see Contents in Numeric 
Se.quence of A.S.T.M., Designations at ,front of book 
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of the test. The cycle of impacts may be 
started at any suitable distance, and 
succeeding cycles run from: (a) the same 
distance, or (b) from distances which are 
increased by equal increments for each 
cycle of impacts. 

Procedure A 

9. To Determine the Ability of a Con- 
iaimr to Withstand Impact Stresses . — ^The 
container to be tested shall be placed on 
the dolly with the face or edge which is 
to receive the impact located either: (a) 
coincident with the forward end of the 
dolly or (6) projecting 2 in. beyond the 
forward end of the dolly. The dolly 
shall be brought to the predetermined 
position on the incline and released. If 
it is desired to concentrate the impact at 
any particular position on the container, 
the 4 by 4-m. timber shall be attached to 
the bumper in the desired position before 
the test. No part of the timber shall be 
struck by the dolly. The dolly and 
container shall then be drawn up the 
incline to the selected position and 
released. The position of the container 
on the dolly and the sequence in which 
the faces and edges are subjected to 
impacts may be at the option of the 
operator and will depend on the objective 
of the tests. The test shall be continued 
until failure of the container occurs. 
Depending on the purpose of the test, 
failure shall be considered to have 
occurred when: 

(1) The contents have spilled, 

(2) Any part of the contents may be 
removed from the container without 
damaging it further, or 

(J) Some predetermined type or 
types of damage have occurred to the 
container (Note). 

Note. — I t is presumed that if the contents 
are damaged, as determined by leakage of liquid 
contents or by other evidence, the test will be 
discontinued. 


Procedure B: 

10. To Determine the Ability of a 
Container or Interior F aching to Provide 
Protection to the Contents . — ^This test 
shall be conducted as described" in 
Section 9 until a predetermined number of 
impacts of prescribed intensity have been 
applied, whereupon the container shall 
be opened for inspection, unless previous 
evidence of failure is apparent. 

Report 

11. The report shall include the fol- 
lowing: 

(/) Dimensions of the container under 
test ; its complete structural specifications, 
kind of wood, plywood or fiberboard, 
description and specifications for block- 
ing and cushioning; spacing, size, and 
kind of fasteners; method of closing and 
strapping, if any; and the net and gross 
weights. 

{2) Description of the contents of the 
container under test. 

(J) A detailed record of test on each 
container, including damage to the con- 
tainer and contents, together with any 
other observation which may assist in 
correctly interpreting the results or aid 
in improving the design of the container 
or the method of packing, blocking, or 
cushioning. 

(4) The method, if any, of condition- 
ing the containers; the moisture content, 
if determined, of the wood, plywood, or 
fiberboard, and the results of any sup- 
plementary tests of the materials from 
which the container is made. 

(5) A record of the calibration of the 
impact test apparatus. 

(6) A statement to the effect that all 
tests were made in full compliance with 
this method, including a description of 
the location of specimens on the dolly, 
and an account as to the use of the 
optional hazard. 



Tentative Method of Test for 


SHIPPING CONTAINERS IN REVOLVING HEXAGONAL 

DRXJM‘ 



A.S.T.M. Designation: D 782- 46 T 
Issued, 1944; Revised, 1946.^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society In accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This method^ covers two pro- 
cedures for performing tests on loaded 
shipping containers, as follows: 

Procedure to determine the 
ability of the container to withstand 
rough handling, and 

Procedure B, to determine the 
ability of the container to provide 
protection to its contents. 

(b) This test is used to give an indica- 
tion of the ability of a shipping container 
to withstand various shocks and impact 
stresses simulating those which may be 
expected in handling or shipment, or to 
protect its contents when subjected to 
such shocks and stresses, or to obtain 
average results permitting a comparison 
of different designs of containers of the 
same size and carrying the same load. 
The test permits an observation of the 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A S.T.M. 
Committee D-IG on Shipping Containers. 

2 Revision accepted by the Administrative Committee 
onStandards, February 15, 1946. 

• Further information on the development of this test 
appears in the paper by J. A. NewHn and T. R. C. Wilson, 
“The Development of a Box-Testing Machine and Some 
Results of Tests,” Proceedings, Am, Soc. Testing Mats., 
Vol- 16, Part n, p. 320 (1916) . 


progressive destruction or failure of the 
package, through which means of im- 
proving the design may be determined, 

(c) This method is suitable for testing 
boxes, or crates made of metal, wood, 
fiberboard, or combinations of these 
materials. 

Apparatus 

2. (a) The testing machine consists of 
a revolving drum which shall be in the 
form of a geometrical prism,, as shown in 
Figs. 1 and 2 whose bases are regular 
hexagons and whose lateral faces are 
rectangles.^ The axis of revolution shall 
be horizontal. * Baffles or hazards shall 
be fixed on the inside faces of the drum. 
When prescribed in the specifications 
for the shipping container being tested, 
a conical projection shall be posi- 
tioned on face 4 to simulate a punc- 
ture hazard. The inner laces of the 
drum shall be clean, smooth, and polished 
bright (Note). The drum shall be 
equipped with an automatic counting 


•* Prints of detailed drawings for tlie construction of the 7- 
ft. and 14-f t. diameter hexagonal dnimsshown in Figs. 1 and 
2 are available at a nominal cost from the American Society 
forTestingMaterials, 1916 Face St., Philadelphia 3, Pa. 
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device which will record six drops for 
each revolution. 

Note-— W ax is recommended to protect 
against rust when not in use. 

(5) A drum 7 ft. in diameter (Fig. 1), 
revolving at a speed of If rpm, about 



Testing Drum 7 ft. in Diameter. 

central axis, may be used for testing 
containers whose gross weight does not 
exceed 250 lb. 

rum 14 ft. in diameter (Fig. 2), 
at a speed of 1 rpm. about its 
axis, may be used for testing con- 
whose weight does not exceed 
lb. 


3. (a) The container to be tested shall 
packed with either (i) the actual 
for which it was designed, or (2) 
load simulating such contents, 
either case the container shall be 
and sealed in the same manner as 
in actual shipment. 



(6) The faces, edges, and corners of 
the box shall be identified as follows: 
Facing one end of the box (in the case of a 
fiberboard container, with the manu- 
facturer's joint on the right), the top of 
the container shall be designated as 1, 
the right side as 2, the bottom as J, the 


Fig. 2.— Box Testing Drum 14 ft. in Diameter. 


left side as 4, the near end as 5, and the 
far end as 4. The edges shall be identi- 
fied by the numbers of the two faces 
which form that edge; for example, 1-2 
identifies the edge where the top and 
right side meet, and 2-5 the edge formed 
by the right side and the near end. (In a 
fiberboard container, this edge will have 
the manufacturer's joint.) The corners 
shall be identified by the numbers of the 
three faces which meet to form that 
corner; for example, 1-^-5 identifies the 
corner where the top, the right side, and 
the near end meet. This identification 
is illustrated in Fig. 3. 

(c) Containers shall not be tested if 
their size and shape are such that they do 
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not move and fal freely when the drum 
is rotated. 

Number of Tests, 

■ 4. A minimum of five but preferably 
ten identical specimens shall be tested to 
obtain an average result. The number 
of specimens tested may frequently be 
greaterj depending on the objectives of 
the test. 


containers shall, be conditioned prior .to 
testing' in accordance with the. Standard 
Method of Conditioning Paperboardj 
Fiberboard, and Paperboard Containers 
for Testing (A.S.T.M. Designation: 
D 641)/ unless otherwise specified. 

Procedure A 

6. To Determine Ability of Container 
to Withstand Rough Mandlingr — A record 



Conditioning 

5. Depending on the purpose of the 
test, the containers may be conditioned 
prior to the drum test by either a 
different physical test, water immersion, 
exposure to water Ipray, or exposure to 
fixed conditions of air temperature or 
humidity. For tests of permanent value 
and for comparisons between results 
obtained at various times and places, 


shall be made of the preconditioning, if 
any, of the container and of its state at 
the beginning of the test. The test shall 
be started with the container placed in 
the crotch of the hazard on face No. 1 of 
the drum with the top face i of the con- 
tainer upward and with end 5 and side E 
against the sides of the hazard. The 


' ■ * Appears in tbis publication, see Contents in Mmeric 
Sequence of A.S.T.M. Designations at front nf book., '. 
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drum shall be started in motion. As the 
drum revolves, the container slides, 
tumbles, and falls in varying positions 
from face to face of the drum, catching on 
and striking against the hazards and 
guides. As the test continues, a record 
shall be made of the development of 
damage to the container, such as skew- 
ing, puncture, splits or tears, and failure 
of the fastenings and reinforcements- 
This record shall be kept on a suitable 
data sheet. The drum may be stopped 
at intervals during the test to permit a 
close inspection of the bontainer. Move- 
ment of the container from one face of the 
drum to the next shall be counted as one 
fall. The number of falls sustained by 
the container up to the time of occur- 
rence of any damage shall be recorded 
•with the description of the damage. In 
the record of the test, the faces, edges, 
and corners shall .be designated as 
described in Section 3 (b). The test 
shall be continued until the container 
fails. Depending on the characteristics 
of the contents, failure shall be con- 
sidered to have occured, when: 

(1) The contents have spilled, 

(2) Any part of the contents may be 
removed ffom the container without 
damaging it further, 

(3) Some predetermined type or 
types of damage have occurred to the 
container, or 

(4) The contents have been 
damaged. 

Procedure B 

To Determine Ability of Container 


to Provide .Protection to Its Contents,— 
This test shall be conducted as described 
in Section ,6, except that the drum may 
be stopped and the package opened for 
an inspection of the condition of the 
contents and interior blocking or packing 
material. Examinations may be made 
at the end of 6, 12, 24, or any other 
specified number of falls as desired. 
Record shall be made of the condition of 
the container and its contents. 

«' 

Report 

8. The report shall include the fol- 
lowing: 

(1) Complete specifications of the 
containers tested, including type, style, 
material, inside and overall dimen- 
sions, and component parts, reinforc- 
ing, if any, number of fastenings or 
spacing, 

(2) Complete description of con- 
tents and inner packing materials 
including arrangement and fit, 

(J) Gross and net weights, 

(4) Detailed record of each test, 
including full observations of damage 
to container and contents and when it 
occurred, 

(5) Complete detail outline of test 
procedure, whether puncture hazard 
w^as used or not, and conditioning of 
containers prior to test, if any, and 

(6) All other observations which 
may assist in interpreting test results 
or in improving the design or con- 
struction of the container. 
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Tentative Specifications for 
A.S.T.M. THERMOMETERS^ 


A.S,T.M, Desigaatioii: E 1 - 45 T 
Issued, 1939; Revised, 1940, 1941, 1942, 1943, 1944, 1945, 1946.* 

These Tentative Specifications have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St,, Philadelphia 3, Pa. 



Scope 

1. These specifications cover glass 
thermometers graduated in Centigrade 
or Fahrenheit degrees and frequently 
specified in methods of the American 
Society for Testing Materials. The 
various thermometers covered are listed 
in Table I. 

Requirements 

2. The individual thermometers shall 
conform to the detailed specifications 
given in Table I and to the general 
requirements specified in Sections 3 to IL 

Note. — For the purpose of interpreting these 
specifications the following descriptions of terms 

apply: 

The total length is the over-all length of the 
finished instrument. 

The diameter is that measured with a ring 
gage or micrometer unless otherwise specified 
in Table I. 

The length of the bulb is the distance from 
the bottom of the bulb to the begmning of 
the enamel backing. 


* Uadef the atamdardiiatioa procedure of the Society, 
tlieie specificatioia are imdcr the jurisdiction of the 
A.S.T,M. Committee E-1 on Methods of Testing. 

* Latest revision accepted by the Administrative 
Committee on Standards, December 5, 1946. 

These specifications when adopted as standard are 
Intended to be incorporated in theStandard Specifications 
for A.S.T Jl. Thermconeters (A.S.T.M. Designation: 
I 1 - 46), sec p. 454. 


The top of the thermometer is the top of 
the finished instrument. 

Type 

3. Each thermometer shall be of the 
etched glass stem type unless otherwise 
specified in Table L 

Stem 

4. The stem shall be made of suitable 
thermometer tubing and shall have a 
plain front and enamel back unless other- 
wise specified in Table I. 

Bulb 

5. The bulb shall be made of Coming 
normal or equally suitable thermomctric 
glass. 

Graduations 

6. All graduation lines, figures, and 
letters shall be clear-cut and distinct. 
On partial immersion thermometers an 
immersion line of approximately the 
same length as the longest graduation 
line shall be etched on the front of the 
thermometer at the distance above the 
bottom of the bulb as specified in Table I. 

Special Marking 

7. The special markings on the ther- 
mometers in the form of an inscrippon 
as specified in Table I shall be in capital 
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letters without tlie use of periods. In 
addition to. the special .'markings 'pre- ■ 
scribed in Table I, each thermometer 
stall be marked with a serial mnnber and 
the manufacturer’s name or trade mark 
etched on the stem. 

Seale Error 

8. The error at any point of the scale 
up to the temperature limit prescribed 
in Table I when the thermometer is 
standardized in accordance with Section 
9 shall not exceed the values prescribed 
in Table I. 

Standardization 

9, The thermometer shall be stand- 
ardized immersed in the testing bath to 


the top , of - the mercury, column, unless 
other conditions of immersion are pre- 
scribed in Table I, and at the tempera- 
tures prescribed in Table I. (See Ex- 
planatory Notes.) 

Test for Permanency of Range 

■ iO. The test for permanency of range 
shall be made at the temperature pre- 
scribed in Table I and under the immer- 
sion conditions specified for the ther- 
mometer. The accuracy after the test' 
shall be within the limit specified. 

Case 

1 L The thermometer shall be supplied 
in a suitable case on which shall appear 
the marking prescribed in Table I. 


Explanatory Note on Periodic Checking oe Changes of Bulb Volume 

OF Glass Thermometers 

A mercury in glass thermometer, if properly 
made and used, is an extremely reliable instru- 
ment but small changes in volume of the ther- 
mometer bulb may occur, even though the 
thermometer may have been carefully annealed 
or aged. 

Usually the bulb contracts slowly and as a 
result the thermometer may read higher after it 
has been placed in service than it did originally. 

These changes are more appreciable for short- 
range thermometers graduated in fractional de- 
grees, and the users of such thermometers should 
check such instruments from time to time. 

When first received the thermometers should be 
checked every week or so, later these time inter- 
vals may be lengthened if the changes are not of 
consequence. 

The ice-point method (reading in melting ice 
at 0 C. or 32 F.) has been found to be the most 
convenient and at the same time the most ac- 
curate method for checking changes in bulb 
volume. Other temperatures, such as the boil- 
ing point of water and of other pure substances, 
have been proposed for ^‘fixed points,” but have 
not been found entirely satisfactory owing to the 
difficulties of accurately obtaining these fixed 
temperatures. 

Short-range thermometers graduated In frac- 
tional degrees may or may not be provided with 
an ice point reading if this temperature is not 


included in the given range. This extra point 
can be incorporated in the thermometer, but may 
be omitted for the sake of economy. In the 
case of distillation thermometers intended to be 
inserted in the neck of a flask, the ice-point 
graduation may be undesirable since the con- 
traction chamber between the ice point and the 
first graduation may contain enough mercury to 
cause uncertain and variable readings. For this 
reason the ice-point graduation, unless it Is an 
integral part of the range, is generally omitted 
from the specifications for distillation ther- 
mometers. 

In the absence of the ice point other means 
must be provided for detecting changes in the 
readings, especially if the thermometer is frac- 
tionally graduated. The method most com- 
monly used involves the comparison at one or 
more temperatures in a well-stirred, properly 
constructed liquid bath of the thermometer to 
be checked against another standardized ther- 
mometer of similar specifications to the test 
thermometer but provided with an ice point. 

Where several thermometers make up a series 
or set for some specific method and these ther- 
mometers do not have ice points, a similar set 
may be provided withMce points, and " these 
'should be kept for use as reference standards for 
checking routine test thermometers. 

Detailed instructions for making such com- 
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i parisoiis and specifications for suitable test- Mueller and E. M. Wilbeim* ’‘^MctliC'di ©f Tcst^ 

lug apparatus, as well as . otlier data on this ing Themometers,” , Am, Soc.. 

subject, wMl be found in the- paper by E, F. Testing Mats., ¥ol. 38, Parti, p. 493 (1938). , 


Explanatory Note on'^'Ice- Point Determinations of Glass Thermometers 


Two methods' have been in use for deter- 
mining the ice point on thermometers graduated 
fractionally and with an open scale, such as 
those of the Kinematic type. One method re-, 
quires that the: thermometer remain at approxi- 
mately room temperature for 72 hr. before the 
ice point is taken. The other stipulates that the 
ice point reading be taken immediately or within 
a definitely stated short period after heating to 
the test temperature. Changes in the correction 
of the thermometer may be observed by deter- 
mining, the changes in the ice .point by either 
method. - 

. Since It may not be practical to wait untD the 
thermometer has .rested for three or more days, 
the: method as outlined b-elow is suggested. 


Th^e Instructions are given in the form of a 
note which should appear in the table of cor- 
rections for the thermometer. 

Note.— The .tabulated corrections. apply , 
for the condition of immersion, indicated. ' . 
provided the ice point rcsading takaa, after ' 

■ heating to • - • * for not less than three, 
minutes is • • - • » . 

■ ' If the ice point reading ' (taken in not 
less than; 2 min. :.aEd not more than. 5 min. 
after removal of the . thermometer :froin the' 

. heated bath), is found, to, . be higher (or . 
lower) than stated, all 'other readings will ., 
be higher (or lower) to th.e same extent. 


(See Table I, pp. 1284 to 1291.) 
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TABLE I.-REQUIEEMENTS FOR A.S.TJM. THERMOMETERS. 



A.S,T.M. Kinematic 
Viscosity® 

A.S.T.M, Kinematic 
Viscosity® 

A.S.T.M. Kinematic 
Viscosity® 


A.S.T.M.' Thermometer 

28F-43T 

29F-43T 

30F - 43T 

Liquid.......... — 

mercury 

mercury 

mercury 

Filling above Liquid. . .' 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Tcmwrature Range. 

For Tests at... ' 

97,5 to 102.5 F. 

100 F. 

127.5 to 132.5 F. 

130 F. 

207.5 to 212.5 F. 

210 F. 

Subdivisions — 

0,1 F. 

0.1 F. 

■0.1 F. 

Total Length 

240 to 245 mm. 

240 to 245 mm. 

240 to 245 mm. 

Stem Diameter.... — 

6.5 to 7.5 mm. 

6.5 to 7.5 mm. 

6.5 to 7.5 mm. 

Bulb Diameter 

6.0 mm. 
to not 

greater than stem 

6,0 mm. 
to not 

greater than stem 

6.0 mm. 
to not 

greater than stem 

Bulb Length. ..... — • 

45 to 55 mm. 

45 to 55 mm. 

45 to 55 mm. ' 

Ice Point | 

'Range graduated. 

1 Subdivisions : 

[Bottom of bulb to 32 F ; 

31.5 to 32.5 F. 

0.1 F. 

77 to 87 mm. 

31.5 to 32.5 F. 

0.1 F. 

77 to 87 mm. 

! 31.5 to 32.5 F. 

0.1 F. 

77 to 87 mm. 

[Bottom of chamber ^ 

4 . bottom of bulb, min. . . 

Contraction Chamber chamber 

(to bottom of bulb, max.. . 

100 mm. 

125 mm. 

100 mm. 

125 mm. 

100 mm. 

125 mm. 

Expansion Chamber 

permit heating 
to 220 F. : 

permit heating 
to 220 F. 

permit heating 
to 220 F. 

Bottom of Bulb to Graduation Line at 

Distance 

97.5 F. 

137 to 157 mm. 

127.5 F. ! 

137 to 157 mm. 

207.5 F. 

137 to 157 mm. 

Top of Thermometer to Graduation Line at 

Distance. , 

102.5 F. 

27 to 47 mm. 

132.5 F. 

27 to 47 mm. 

212.5 F. 

27 to 47 mm. 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at 'Each 

0.5 F. 

0.5 F. 

O.SF. 

Graduations Numbered at Each Multiple of 

IF. 

1 F. 

IF. 

Immersion. 

total 

total 

total 

Special Marking on Thermometer (See Section 7) . 

ASTM KIN VIS 

ASTM KIN VIS 

ASTM KIN VIS 

Scale Error at — . 

when standardized, shall not exceed 

100 F. 

0.10 F. 

130 F. 

O.IOF. 

210 F. 

O.IOF. 

Standardization | 

The thermometers shs 
viscosity test point 
immersion, express 
shall be added to tl 

ill be standardized at the ice point, ^ and at the 
t (100, 130, or 210 F.) for conditions of total 
ed to the nearest 0.02 F. and such corrections 
be observed reading. 

Marking on Case 

A.S.T.M. Kinematic 
Viscosity Ther- 
mometer 97.5 to 
102.5 F. 

A.S.T.M. Kinematic 
Viscosity Ther- 
mometer 127.5 to 
132.5 F. 

A.S.T.M. Kinematic 
Viscosity Ther- 

mometer 207.5 to 
212.SF. 


“ Thermometers conforming to the requirements for A.S.T.M, Kinematic Viscosity Thermometers E 1 (28F--39T) 
E 1 (29F-39T), and E 1 (30F-39T) formerly prescribed in the Tentative Specifications for A.S.T.M. Thermometers 
(A S T.M. Desi^ation: E 1 -42 T\, 1942 Book of A.S.T.M. Standards, Part II, p. 1408, Part III, p. 1555, shall be con- 
sidered as meeting these specifications. 

^ See Explanatory Note on Ice Point Determinations of Glass Thermometers which appears in the text. 
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TABLE I.-KEQUIREMENTS FOR A.S.T.M. THERMOMETERS 


A.S.T.M. ^Ulne I A.S.T.M. AnlUne Point® 


A.S.T.M. TBerinometer. . 
Liquid... 

FilKng above Liquid 

Temperature Range 

Subdivisions 

Total Length ' 

Stem Diameter 

Bulb Diameter 

Bulb Length 


Bottom of Bulb to Graduation 

Line at 

Distance 


Top of Thermometer to Gradu- 
ation Line at 

Distance 


Contraction Chamber. 
Expansion Chamber... 
Top Finish 


Graduations Numbered at Each 
Multiple of 


Immersion (See Section 6) 


Special Marking on Thermometer 
(See Section 7)... 


Scale Error at any point when 
standardized shall not exceed. 


Standardization. . . 
Marking' on Case. 


A.S.T.M. AniUne 
Point® 

A.S.T.M.' Aniline 
Point® 

33C - 41T 

34C - 41T 

mercury 

mercury 

nitrogen gas 

nitrogen gas 

-38 to +42 C. 

25 to 105 C. 

0.2 C. 

0.2 C. 

403 to 409 mm. 

403 to 409 mm. 

6.0 to 7.0 mm. 

6.0 to 7.0 mm. 

5.0 to 6.0 mm. 

5.0 to 6.0 mm. 

10 to 20 mm. 

10 to 20 mm. 

-38 C. 

101 to 115 mm. 

25 C. 

101 to 115 mm. 

42 C. 

25 to 45 mm. 

105 C. 

25 to 45 mm. 


h 

yes 

yes 

glass ring 

glass ring 

1 1 C. 

1 C. 

2C. 

2C. 

51 mm. 

51 mm. 

. ASTM ANILINE 
POINT 

51 MM IMM 

ASTM ANILINE 
POINT 

51 MM IMM 

0.2 C. 

0.2 C. 

e 

c 

. A.S.T.M. Aniline 

Point Thermometer 
-38 to +42 C. 

A.S.T.M. Aniline 

Point Thermometer 
25 to lOS C. 


3SC-4IT 
mercury ' 
nitrogen, gas 
' 90 to 170 C> 


0,2 c. ; . 

403 to 409 mm* 

6.0 to 7.0 mm. ' 

5.0 to 6.0 mm. 
10 to 20 mm.' „ 


90 e. 

101 to US mm . 


170 C. 

25 to 45 mm. 


yes 

glass ring 


ASTM ANILINE 
POINT 

,51 MM IMM' , 


^ The top of the contraction chamber shall be not more than 35 mm. above the bottom of the bulb. The mercury 
should stand at approximately the center of the contraction chamber at 0 C. , ^ r n 

® The aniline point thermometers shall be standardized for 51*mm. immersion and for the following temperatures of 


— 38 to + 42 C. Thermometer 

25 to 105 C. Thermometer 

90 to 170 C. Thermometer , 

Standardiration ^urfo? 

1 emperature Mercury Column 

o. j Average Temper- 

Standardization qI Emergent 

Temperature Mercury Column 

Standardization ^^a'rofEtSSSnt 

Temperature Mercury Colurnn 

35 C... ... 5 C. 

on r . 15 C. 

25 C. 25 C. 

lOOC 70C. 

A r* 20 r* 

50 C 40 C. 

<TlA ^ ^ 

75 C. - 45 C. 

130 C... 60 C. 

40 30 C. 

looc:: 45 c. 

160 c.... ...me. 
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TABLE I.-REQOIREMENTS FOR A.S.TM. THERMOMETERS iCantinmi). 


Name....... 

•A.S.T.M. Solvents 
Distillation 

A.S.T.M. Solvents 
Distillation 

A.S.T.M, Solvents 
DlstUlation 

A.S.T.M. Thermometer ' 

37C-44T 

38C - 44T 

,39C~-44T 

Liquid...., '... 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Tduperature Eange. — — 

-2 to +52 C. 

24 to 78 C. 

■48 to 102 C., . 

Sobdi visions. ■ ' ' 

0.2 C. 


0.2C- 

Total Length.,... — ' 

330 to 385 mm. 

380 to 385 mm. 

380 to 385 ram. 

Stem Diameter 

6.0 to 7.0 mm. 

6.0 to 7.0 mm. 

6.0 to 7.0 mm. 

Bulb Diameter 

not greater 
than stem 

not greater 
than stem 

not greater 
than stem 

Bulb Length. 

15 to 20 mm. 

IS to 20 mm. 

15 to 20 mm. 

Bottom of Bulb to Graduation Line at — 
Distance 

-2 C. 

125 to 145 ram. 

24 C. 

125 to 14S mm. 

48 C. 

125 to 145 mm. 

Top of Thermometer to Graduation 

Line at 

Distance 

52 C. 

25 to 45 mm. 

78 C. 

25 to 45 mm. 

102 C. 

25 to 45 ram. 

Contraction Chamber 

none 

a 

a 

Expansion Chamber. 

b 

b 

h 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at Each 

1C. 

1C- 

1C. 

Graduations Numbered at Each Multi- 
ple of ’ 

2C. 

2 C. 

2C. 

Immersion (See Section 6) 

100 mm. 

100 mm. 

100 mm. 

Special Marking on Thermometer (see 
Section 7) 

■ "■ ' . • . 1 

ASTM SOLVENTS 
BIST 

100 MM IMM 

ASTM SOLVENTS 
DIST 

100 MM IMM 

ASTM SOLVENTS 
BIST 

100 MM IMM 

Scale Error at any point when standard- 
wed shall not exceed. 

0,2 C. 

0.2 C 

0.2 C. 

Standardization 

e, d 

c. d 

c, d 

Marking on Case. 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
-2 to +52 C.j 100-mm, 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
24 to 78 C., 100-mm. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
48 to 102 C., 100-mm. 
immersion 


« The top of the contraction chamber shall be not more than 35 mm. above the bottom of the bulb. The mercury 
shall stand near the bottom of the contraction chamber at 0 C. 

^ The expansion chamber shall permit heating the thermometer at least 25 C. above the highest temperature on 


me scale- 

« For precautions to be observed in determining changes in bulb volume see Explanatory Note on Periodic Checking 
of Changes of Bulb Volume of Glass Thermometers, which appears in the text. 

** The A.S.T.M. Solvents Distillation Thermometers shall be standardized for 100-mm, immersion at the temperatures 
specified below and for the following average temperatures of the emergent mercury column: 


—2 to +52 C. Thermometer | 

i 24 to 78 C, Thermometer j 

48 to 102 C. Thermometer 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization j 
Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Golumn 

25 C .. 25 C. 

SO C 25 C. 

25 C.... 25 C. 

SOC 25 C. 

75 C.,.. 25 G. 

SO C 30 C. 

75 C ^ ............'.30 C. 

100 C*... 30 C, 
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Name............ 

A.S.TJM, Solvents 
Dlstiilatioii 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Thermometer 

40C-44T 

41C-44T 

■ ,42C-44T. ' 

Liquid......... — ... 

mercury 

mercury 

■ ^ -mercury ■ - 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

, , nitrogen -gas'. 

Temperature Range 

72 to m C. 

98 to 152 C. 

■.'■95 to'255C. ■/. 

Subdivisions 

0,2 C. 

0.2 C. 

- ' ■ 0.5 

Total Length. 

380 to 383 mm. 

380 to 385. mm. 

380 .to 385 mm. . ■ 

Stem Diameter.. 

6.0 to 7,0 mm. 

6.0 to 7.0 mm. i 

6.0 to 7.0 mm. 

Bulb Diameter. 

not greater 
than stem 

not greater 
than stem 

not greater' 

, . 'than stem . . 

Bulb Length 

15 to 20 mm. 

15 to 20 mm. 

15 to 20 mm. 

Bottom of bulb to Graduation Line at, . . . 
Distance — 

72 C. 

125 to 145 mm. 

98 C. 

125 to 145 mm , 

■ 95 C. 

125 to 145 mm. 

Top of Thermometer to Graduation 

Line at 

Distance .*■ 

126 C. 

25 to 45 mm. 

152 C. 

25 to 45 mm. 

. .255 C. ■ 

25 to 45 mm. 

Contraction Chamber 

a 

« 

. « 

Expansion Chamber 

b 

b 

6 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at Each 

1C. 

1 C. 

1 

Graduations Numbered at Each Multi- 
ple of 

2C. 

2C. 

SC. 

Immersion (See Section 6) 

100 mm. 

100 mm. 

100 mm. 

Special Marking on Thermometer (See 
Section 7)... 

ASTM SOLVENTS 
BIST 

100 MM IMM 

ASTM SOLVENTS 
DIST 

100 MM IMM 

ASTM SOLVENTS 
DIST 

100 MM MM 

Scale Error at any point when standard- 
ized shall not exceed 

0.2 C. 

0.2 C. 

0.5 C. 

Standardization 

c, d 

e, d 


Marking on Case 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
72 to 126 C., 100-mm. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
98 to 152 C., lOO-mm. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 

95 to 255 C., 
immersion 


“ TJie top of the contraction chamber shall be not more than 35 jnin. above the bottom of the bulb. The mercury shall 
stand near the bottom of the contraction chamber at 0 C. i.* r ^ * 

® The expansion chamber shall permit heating the thermometer at least 2o C. above the highest temperature on 

‘^^ For precautions to be observed in determining changes in bulb volume see Explanatory Note on Periodic Checking 

of Changes of Bulb Volume of Glass Thermometers, which appears in the text. ^ I,..- 

The A.S.T.M. Solvents Distillation Thermometers shall be standardized for 100-mm. immersion at the temperatures 


72 to 126 C. Thermometer | 

98 to 152 C. Thermometer 

I ■ 95 to 255 C. Thermometer' ' 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent ; 
Mercury Column 

Standardization 

Temperature 

.Average Tempera- 
: ture of Emergent 
. Mercury Coimnn 


inn C . 30 C. 

lOOC 30 U 

75 C... • • X* 

c.. ...... ..... 35 C. 

1 ISOC. .... 35 C. 


i«:n n, ........ 35 C. 

200 C. 40 C. 

125 C.* 


:■ 250 c... - 45 C. 
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TABLE I.— REQUIREMENTS FOR A.S.T.M. THERMOMETERS {Continued). 


Name.........,..,.........* — 

A.S.T.H. Kinematic 
Viscosity 

A.S.X.M. Kinematic 
Viscosity 

A.S.T.M, Kineinatic 
Viscosity ■ 

A.S,T.M. Thermometer. 

43F-45T 

44 F - 46 T 

45F-46:T 

Liquid. .... — 

mercury-thallium 

mercury 

, mercury 

Filling above Liquid. 

nitrogen or other suit- 
able gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at 

~61to-29F. 

66,5 to 71,5 F. 

68 F. and 70 F. 

' 74.5 to 79.5 F. 

77 F. 

Subdivisions 

0.2 F. 

0.1 F. 

0.1 F. 

Total Length, * 

400 to 412 mm. 

240 to 245 mm. 

240 to 245 mm. 

Stem Diameter 

7.0 to 8.0 mm. 

6,5 to 7.5 mm. 

6.5 to 7.5 mm. 

Bulb Diameter 

6.0 to 7.0 mm. 

6.0 mm. to not greater 
than stem ! 

6.0 mm. to not grea-ter 
than stem 

Bulb Length | 

30 to 40 mm. 1 

45 to 55 mm. 

45 to 55 mm. 

Ice Point ■ 

[Range graduated 

I Subdivisions • 

[Bottom of bulb to +32 F 

+31 to +33 F. : 

0.2 F. 

320 to 375 mm. 

31.5 to 32.5 F. i 

0.1 F. 

77 to 87 mm. 

31.5 to 32 .5 F. 

0.1 F. 

77 to 87 nun. 

Contraction I 
Chamber 1 

[Bottom of chamber to 

1 bottom of bulb, min 

[Top of chamber to bottom 
[ of bulb, max 

290 mm.o j 

310 mm.« 

100 mm. 

125 mm. 

100 mm, 

125 mm. 

Expansion Chamber j 

6 

permit heating 
to 220 F. 

permit heating 
to 220 F. 

Bottom of Bulb to Graduation Line at — 
Distance 

-61 F. 

60 to 90 mm. 

66.5 F. 

137 to 157 mm. 

74.5 F. 

137 to 157 mm. 

Top of Thermometer to Graduation Line at . 
Distance 

-29 F. 

126 to 156 mm. 

71.5 F. 

27 to 47 mm. 

79.5 F. 

27 to 47 mm. 

Top Finish 

plain 

glass ring 

glass ring 

Longer Graduation Lines at Each 

1 F. 

0.5 F. 

0.5 F. 

Graduations Numbered at Each Multiple of 

2 F. starting at — 60 F. 

1 F. 

IF. 

Immersion 

total 

total 

total 

Special Marking on Thermometer. 

ASTM KIN VIS 

ASTM KIN VIS 

ASTM KIN VIS 

Scale Error at. 

when standardized, shall not exceed 

any point 

0.2 F. 

68 and 70 F. 

0.10 F. 

77 F. 

0.10 F. 

Standardization 

ice point* and at every 
10 F. of the calibrated 
interval starting at 
-60 F. 

The thermometers shall be standardized at the 
ice point,® and at the viscosity test point (68 
and 70, or 77 F.) for conditions of total immer- 
sion, expressed to the nearest 0.02 F. and such 
corrections shall be added to the observed 
reading. 

Marking on Case 

A.S.T.M. Kinematic 
Viscosity Thermome- 
ter 

-61 to -29 F. 

A.S.T.M. Kinematic 
Viscosity Thermome- 
ter 

66.5 to 71.5 F. 

A.S.T.M. Kinematic 

Viscosity Thermome- 
ter 

74.5 to 79.5 F. 


® The length of unchanged capillary between the nearest graduation mark and the contraction chamber shall be not 


less, tfl an iu imu. . , , , , , , , *0 

^ The expansion chamber shall be of the long, narrow type 10 to 20 mm. m length. The length of unchanged capillary 
between the nearest graduation mark and the expansion chamber shall be not less than 10 mm. The expansion chamber 
shall permit heating the thermometer to 220 F. 

* See Explanatory Note on Ice Point Determinations of Glass Thermometers which appears in the text. 
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TABLE I.-REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Coniimei). 


Name. 

A.S.T,M. Kinematic 
Viscosity 

A.S.T.M. KMeinatic 
Viscosity 

A.S.T.K. Kinematic 
Viscosity,, 

A.S.T.M- Thermometer 

46 F - 46 T 

47 F-46T' 

' 4S,F-46T , ■ 

Liquid 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at 

119.5 to 124.5 F. 

122 F. 

137.5 to 142.5 F. 

140 F. 

.. 177.S to 182.5 F.> 
TSOF. ,. . ' 

Subdivisions.., 

0.1 F. 

0.1 F. 

' 0.1 F. V" 

Total Length — 

240 to 245 mm. 

240 to 245 mm. 

240 to 245 mm. ■ 

Stem Diameter 

6,5 to 7.5 mm. 

6.5 to 7,5 mm. 

6.5 to 7.5 mm. ■: 

Bulb Diameter 

6.0 mm. to not greater 
than stem 

6.0 mm. to not greater 
than stem 

1 6.0 mm. to not greater 
than stem 

Bulb Length 

45 to 55 mm. 

45 to 55 mm. 

45 to SS'inm. 

Ice Point ■ 

[Range graduated 

Subdivisions 

[Bottom of bulb to 32 F. (0 C.). . 

31.5 to 32.5 F. 

0.1 F. 

77 to 87 mm. 

31.5 to 32.5 F, 

0.1 F. 

77 to 87 mm. 

31.5 to 32.5 F. 

0.1 F. ' 

77 to 87 mm. 

Contraction J 
Chamber ^ 

[Bottom of chamber to 

i bottom of bulb, rain 

1 Top of chamber to bottom 
[ of bulb, max 

100 mm. 

125 mm. 

100 mm. 

125 mm. 

100 mm. 

125 mm. 

Expansion Chamber 

permit heating 
i to 220 F. 

permit heating 
to 220 F. 

permit heating 
to 220 F. 

Bottom of Bulb to Graduation Line at 

Distance 

119.5 F. 

137 to 157 nun. 

137.5 F. 

137 to 157 mm. 

177.5 F. 

137 to 157 mm. 

Top of Thermometer to Graduation Line at 
Distance — 

124.5 F. 

27 to 47 mm. 

142.5 F. 

27 to 47 mm. 

182.5 F. 

27 to 47 mm. 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at Each 

0.5 F. 

0.5 F. 

0.5 F. 

Graduations Numbered at Each Multiple of 

1 F. 

1 F. . 

IF. 

Immersion 

total 

total 

total 

Special Marking on Thermometer 

ASTM KIN VIS 

ASTM KIN VIS 

ASTM KIN VIS 

Scale Error at 

when standardized, shall not exceed 

122 F. 

0.10 F. 

140 F. 

0.10 F. 

180 F. 

0.10 F. 

Standardization 

The thermometers sha 
viscosity test point (1 
e.xpressed to the near 
the observed reading 

11 be standardized at the ice point,® and at ^thc 
22, 140, or 180 F.) for conditions of total immersion, 
est 0.02 F. and such corrections shall be added to 

Marking on Case 

. A.S.T.M. Kinematic 
Viscosity Thermome 
ter 

119.5 to 124.5 F. 

A.S.T.M, Kinematic 
Viscosity Thermome- 
ter 

137.5 to 142.5 F. 

A.S.T.M. Kinematic 
. . Viscosity Thermome- 
ter 

177.5 to 182.5 F.: 


• See Explanatory Note on Ice Point Determinations of Glass Thermometers which appears in tie text. 
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TABLE 1.-REQUIREMENTS FOR A.S.TM. THERMOMETERS (Continued). 


Nmme — 

A.S.T.M. Gas 
Calorimeter Inlet 

A.S.T,lC;Ga8 
Calorimeter Outlet 

A.S.T.M. Gas 
Calorimeter Flue 

A..S,T.M. Tiifirraomcter. ' 

S0F-46T 

S1F-46T 

S2F.-"'46T 

Liquid — ■ 

mercury 

mercury 

mercury ■ 

Filling' above Liquid. ■ 

nitrogen gas 

nitrogen gas 

nitrogen gas . 

Temperature Range ■. 

54 to 101 F. 

69 to 116 F. 

54 to 101 F. 

Subdivisions — 

0.1 F. 

! 0.1 F. 

IF. , 

Total Length., 

457 to 463 mm. 

457 to 463 mm. 

205 to 210 mm. 

Stem Diameter . . — 

6.0 to 7.0 mm. 

' ■ 

1 6.0 to 7.0 mm. 

6.0 to 7.0 mm. 

Bulb Diameter 

7.0 to 8.0 mm. 
(cylindrical shape) 

7.0 to 8.0 mm. 
(cylindrical shape) 

not greater than stem 

Bulb Length. 

20 to 25 mm. 

20 to 25 mm. 

20 to 25 mm. 

Bottom of Bulb to Graduation Line at 

Distance.......... 

54 F. 

100 to 120 mm. 

69 F. 

100 to 120 mm. 

54 F. 

90 to 105 mm. 

Top of Thermometer to Graduation Line at 
Distance 

101 F. 

25 to 45 mm. 

116 F. 

25 to 45 mm. 

101 F. 

20 to 35 mm. 

Top Finish — • 

plain 

plain 

plain 

Bottom of Bulb to Top of Contraction 
Chamber 

not over 36 mm. 
mercury to stand in 
chamber at 32 F. 

not over 36 mm. 
mercury to stand in 
chamber at 32 F. 

none 

Expansion Chamber 

permit heating 
to 150 F. 

permit heating 
to 212 F. 

permit heating 
to 150 F. 

Longer Graduation Lines at Each 

0.5 F. 

0.5 F. 

5 F. 

Graduations Numbered at Each Multiple of 

IF. 

IF. 

10 F. 

Immersion — ... 

total 

total 

total 

Special Marking on Thermometer 

ASTM GAS CAL 
INLET 

ASTM GAS CAL 
OUTLET 

ASTM GAS CAL 
FLUE 

Scale Error at any point when standardized, 
shall not exceed 

0.2 F. 

0.2 F. 

0.5 F. 

Change in Correction over any 0.5 F. 
Interval shall not exceed. 

0.10 F. 

0.10 F. 


Standardization 

at multiples of 5 F. 

at multiples of 5 F. 

at 60 and 90 F. 

Marking on Case 

A.S.T.M. Gas Calor- 
imeter Inlet Ther- 
mometer 

54 to 101 F. 

A.S.T.M, Gas Calor- 
imeter Outlet Ther- 
mometer 

69 to 116 F. 

A.S.TM. Gas Calor- 
imeter Flue Ther- 
mometer 

54 to 101 F. 
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TABLE I.-REQOIREMENTS FOR A.S.T.M. THERMOMETERS 

. (Cmduded). . , 



. A R T 'MT- flinngrftflHng; 


Point ” 

A S T,Jbf. Thermometer. 

54 F - 46 T 



mercury 



nitrogen gas 



68 to 212 F. 



0.5 F.® 



295 to 305 mm. 


Stem Diameter ' 

6.0 to 7.0 mm. 


Ellipsoidal 
(see Fig. 1) 



4.5 to 6,0 mm. 



10 to 12 mm. 



permit heating to 230 F. 


Bottom of Bulb to Graduation Line at 

68 F. 

Distance 

55 to 75 mm. 

Top of Thermometer to Graduation Line at, 

212 F. 

Distance 

30 to 50 mm. 


Top Finish. 

glass ring 

I.,onger Graduation Lines at Each 

IF. 

Graduations Numbered at Each Multiple of 

5F. 

Immersion 

total 

1V4'Q..lj'TTny An T'Vif.rrnAtYH't'ftT* 

ASTM CONGEALING 

^pClLilUrl. Ull X 

PT 

Scale Error at any point when standardized shall not 

0.5 F. 


70, 140, and 210 F. 


, A.S.T.M. Congealing 


Point Thermometer 
68 to 212 F. 


® For purposes of calibration and certification two or three division markings 
shall be placed above the 212 F. mark. 



Fig. 1 . — Bulb of A.S.T.M. Con- 
gealing Point Thermometer. 



Tentative Method of Test for 

PARTICLE SIZE DISTRIBUTION OF SUBSIEVE SIZE 
PARTICULATE SUBSTANCES' 



A.S.T,M. Deslgaation: E 20 - 33 T 
Issued, 1933 2 

TMs Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method of test covers the pro- 
cedure for determining the particle size 
of particulate substances in absolute 
units, as far as the particle shape will 
permit. It is intended to cover the 
range of sizes between the 74-micron 
(No. 200) sieve and 0.2 micron. The 
method is applicable in its entirety to 
homogeneous materials. In the case of 
mixtures, the extent of application is 
limited by the properties of the com- 
ponents of the mixture. 

Definitions 

2. {a) Dispersion.'-~~lTi microscopy it 
refers to the distribution of the indi- 
vidual particles . In statistical work it is 
measured by the standard deviation. 

NoTE.~~Both uses of the word seem too 
generally accepted to warrant a change in either. 

(b) Individual Particle. — Those mi- 
nute units of matter (of which the mate- 
rial is composed) whose size and shape 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJ4. 
Committee E-1 on Methods of Testing. 

* Accepted by the Society at annual meeting, June, 
1933. Editorially revised and rearranged in 1939. 


depend only on the force of cohesion. 
Such particles cannot be subdivided 
without separating like molecules that 
are wuthin the range of the cohesive 
attraction of one another.® 

(c) Aggregate. — A group of two or 
more attached particles. 

Note. — There are three forms of aggregates; 
namely, ultimate working unit, flocculate, and 
apparent flocculate. 

(J) Ultimate Working Unit. — An in- 
dividual particle or any group of in- 
dividual particles that are so firmly held 
together by forces of adliesion that they 
remain intact as a group throughout the 
duration of their application. 

{e) Flocculate. — Flocculation occurs 
only where particles have been incor- 
porated in a liquid or plastic medium, 
A flocculate is a group of particles held 
together by a force apparently arising 
from interfacial tension. This force of 
flocculation is relatively weak, conse- 
quently flocculates do not function as 
large individual particles, and cannot be 
classified under ultimate working units. 

* Henry Green, Journal of Industrial Hygiene, Vol, 7, 
p. 155 (1925). 
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Under slight, continuously applied force 
flocculates are constantly breaking down 
and reforming. 

Apparent Flocculates as found in gas- 
floated or air-floated particles show a 
somewhat similar type of aggregation. 
Usually the force of attraction between 
the particles is relatively weak and the 
particles can readily be dispersed in suit- 
able media. For practical purposes, the 
more inclusive term, aggregate, is prefer- 
able to flocculate for gas-floated or air- 
floated particles. 

(/) Average Diameter . — The diameter 
of a hypothetical particle which, in some 
particular way, represents the total mass 
of particles. 

{g) Nonuniformity , — A nonuniform 
particulate substance is one in which the 
constituent particles differ from one 
another in diameters. 

Rough Separation of Sample into Size 

Groups 

3. (a) For pigments or other materials 
which are essentially less than 6 microns, 
separation of the sample is not necessary 
and the mount shall be prepared in 
accordance with Section 4. 

(b) For wide ranges of distribution of 
particle size in subsieve size portions, 
auxiliary separation into groups of sizes 
is necessary to facilitate measurement 
with the microscope. Rough separation 
is permissible as exact size measurement 
in microns follows. The following gen- 
eral ranges of particle diameter are 
proposed for the separation: 


A 24 microns and larger 

B ..... 24 to 12 microns 

Q. . ’ 12 to 6 microns 

D. , . 6 to 0.2 microns 


For specific purposes A or D may be 
further separated. 

Note.— -I f the sample contains particles 
larger than the 74-micron (No. 200) sieve, the 


material shall be separated by sieving wet In a 
smtable fluid. ■ The^ portion which passes the 
sieve may be recovered by evaporation of the 
fluid. The portion which remains on the sieve 
may. be subjected when dry to a standard sieve 
test and' additional materia! that passes the 
74-micron (No. 200) sieve added to that wMch 
is to be tested. 

(c) Separation of the sample shall be 
made by air or liquid elutriation or by 
sedimentation at room temperature. 
The volume of liquid in the elutriator or 
sedimentation apparatus should be be- 
tween 20 and 100 ml. per gram of solid. 
With finer particles and with materiai 
of lesser density the greater volumes 
should be used. The technique involved 
in the elutriation or settling Is neces- 
sarily influenced by the type of material 
being measured and the dispersing 
liquids. The size of the vessel and dis- 
persion will be specified in terms of the 
uniformity obtained. The microscope 
measurement will be used as a check 
upon the effectiveness of the separation. 
For accurate results at least 50 per cent 
by weight must fall within the bound- 
aries of the suggested ranges set for the 
elutriation. Of the material falling out- 
side the boundaries, not over 5 per cent 
by weight may fall outside of a range 
which is one half of the lower limit and 
twice the upper limit of the range under 
consideration. 

(d) The fluid used in the elutriation or 
sedimentation shall contain no dissolved 
solids which* would influence the weight 
determination of a given portion, that is, 
the fluid shall be 100 per cent volatile. 
It shall not react chemically with the 
material being elutriated. Water, kero- 
sine, alcohols, and the like may be used. 
It is suggested that the filtering of any 
elutriator portion should be through 
alundum to avoid contamination of the 
sample with paper or pulp fibers. As an 
alternative, the solid may be recovered 
from each stage the^elutriator by 
evaporation of a concentrated slurry , 
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provided the temperatures used for the 
evaporation do not ■ alter the ' specific 
product. The total weight of the por- 
tions recovered shall check within 5 per 
cent the weight of material initially 
placed in the elutriator, ■ 

(e) A1 limits are specified to insure 
good microscopic technique. Good elu~ 
triation technique for analytical pur- 
poses falls well within these limits. 

Note. — Quite obviously, materials contaia- 
ing components of different densities will 
elutriate or settle in ranges of low uniformity. 
The present requirements can only be applied 
when the material meets the requirements for 
homogeneity. If the materials can be readily 
identified under the microscope, they may be 
measured individually and the results con- 
sidered as exact, notwithstanding wide differ- 
ences in density between two materials which 
may cause lack of uniformity. In other cases, 
such as cement or coal, where the presence 
respectively of gypsum and ash constituents may 
affect the test, these effects may be considered 
negligible for the normal type of products. 

Preparation of Mount 

4, Any one of a number of methods of 
preparing the mount may be used, the 
criterion of suitability being conformity 
to the following requirements: 

The particles shall be essentially in 
one plane. 

The particles shall be free from 
motion. 

The particles shall be dispersed, 
showing individual grains instead of 
aggregates and flocculatesf 

The particles shall not be ground in 
mounting* 

The mount shall be truly represent- 
ative of the distribution of sizes in 
the material. 

The mounting medium shall be 
selected to give maximum definition, 
(a) Fine Materials, Pigments, etc — 
The type of mount that should be used 
depends on the physical properties of the 
particles, and for this reason no definite 


requirements are: specified. The general 
procedure shall be to place the material 
being tested on a microscope slide, and' 
then to rub it out in a solution of gum or 
resin' in a solvent until the particles are 
well dispersed. After the solvent has 
evaporated, the nonvolatile constituent 
of the dispersing agent serves to cement 
the particles to the slide in the dispersed 
state. 

Note. — Detailed technique will be found in 
the work of Dunn^ and Green.® The former 
uses balsam in xylol, and the latter turpentine 
and dammar. Other mounting media sug- 
gested are 0.5 per cent glycerol in alcohol, 
rubber cement, styras in xylol, and the chlo- 
rinated naphthalenes and saponin, 

{b) Coarse Material, Ground Prod- 
ucts, etc. — In the case of coarse materials 
it is often advantageous to use the so- 
called dry mount, in which the dispersing 
agent used is volatile and can be driven 
off after the material has been dispersed 
on the slide. The uniformity of the 
mount when examined microscopically 
is the best criterion of an acceptable 
mount. 

Procedure 

5. (a) Direct Observation Method . — 
Direct observations using the Filar 
micrometer® has been used with fair 
success and reasonable degree of accu- 
racy on the coarser fraction of particu- 
late substances. The Filar micrometer 
is an attachment which fits into the 
draw tube of the microscope and is 
fitted with a Ramsclen-type eyepiece 
which permits focusing on a movable 
cross hair activated by a micrometer 
screw. This instrument permits direct 
measurement of the particle as viewed 
on the slide. This method, however, is 

* E. J. Dunn, Jr., Industrial md Enzineering Chemistry ^ 
Analytical Edition, Vol. 2, p. 59 (1930) , 

* Henry Green, Industrial and. Eniineerim Chemistry , 
Vol. 16, No. 7, p. 677 (1924) . 

* J. C. Pearson and W. H. Sligh, National Bureau of 
Standards Technological Paper No. 48 (1915). 
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not recommended for materials in the 
0.2 to 6 micron class size. 

(&) Projection Method . — The projec- 
tion method^ which involves throwing 
the image of the particle on a screen has 
several distinct advantages. It further 
magnifies the image and permits focusmg 
through the depth of the mount, insuring 
a proper focus and count of^ll the 
particles. 

(r) Photomicrographic Method. 
photomicrographic method,'^’® which in- 
volves taking a photomicrograph of the 
particles and subsequently measuring 
them on a print or by projecting the 
negative on the screen, is also recom- 
mended. This method has the very 
decided advantage of making a perma- 
nent record of the sample and permits 
eye comparisons of two or more samples. 
In the use of this method it is extremely 
important that the mount be made 
according to the procedure outlined 
under the method of Green^ and fulfill 
the requirements specified there. 

Measurement of Diameter 

6. In each of the three procedures re- 
ferred to in Section 5 the horizontal 
diameter shall be measured unless the 
particles are very uniform in shape, and 
in that event a diameter which most 
nearly represents the average shall be 
selected. For irregularly shaped parti- 
cles, the horizontal diameter splitting the 
particle in half in one direction con- 
sistently maintained has been shown® to 
give fairly consistent and accurate 
results. For flat plates, it is necessary 
to consider the third dimension for 
accurate results. In any case, in report- 
ing results, the diameter measured shall 
be specified. 

'S' Henry Green, Joutnal^ Franklin Inst., Vol. 192, 
p. 637 (1921). 

• Sheppard and Lambert—not yet published. ^ ^ 

» Martin, Transactions, Am. Ceramic Soc., vol. 23, 
p. 61 ,(1924). ■■ 


Distribution (E 20>- 33 T) : 

Scale Limits for Measurement 
7. (a) If more than .10: .per cent by 
weight is coarser than 6.00 microns, the 
sample shall be elutriated prior to mi-: 
croscopic measurement. A graded scale 
for microscopic sizing is as follows: 



Diameter Range In Microns 

General Case 

Special Case , . 

(20 per cent or more 

(Less than 20 per cent 

under 6 microns) 

under 6 microns) 

72 to 60 


60 to 48 


48 to 36 


36 to 24 


24 to 18 


18 to 12 


12 to 9 


9 to 6 




Same Scale, and 

6.00 to 5.00 

6 to 4.5 

5.00 to 4.00 

4.5 to 3 

4.0 

to 3.5 

3 to 1.5 

3.5 

to 3.0 

1.5 to 0 

3.0 

to 2.5 


2.5 

to 2.0 


2.0 

to 1.8 


1.8 

to 1.6 


1.6 

to 1 .4 


1.4 

to 1.2 


1.2 

to 1.0 


1.0 

to 0.9 


0.9 

to 0.8 


0.8 

to 0.7 


0.7 

to 0.6 


0.6 

to 0.5 


0.5 

to 0.4 


0.4 

to 0.3 


0.3 

to 0.2 


0.2 




(b) Two hundred and fifty particles 
shall be measured in each of three fields 
taken at random. 

(c) The magnification shaE be de- 
pendent on the class size being measured, 
and shall be sufiBcient to permit the 
differentiation specified above. 

Expression of Results 

8, Results shall be expressed using 
one or more of the following' average 
diameters: 


Diameter To Be Used: Fornacla. 

di As ' arithmetical 
mean ■ — ,. 

To determine 3 ■ _ 

when pis known . 
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Average. 

Diameter . .To Be Used; 

: ■ ^4 To determine yol" 

, ' dime . or weight 
, distribution 

... D , To determine N 
when p is known 

A To determine S 
when N is known 

Mg As geometric mean 

or median log if , = 

2/fl 

Symbols: 

Sm = specific surface in square meters per 
gram, 

Sv ®= specific surface in square meters per 
cubic centimeter, 

Nm ^ number of particles per gram, 

Np = number of particles per cubic centi- 
meter, 

« number of particles in any given mass, 
p =5 density of the material, 

$ ^ arithmetic standard deviation, 

0g = geometric standard deviation, and 
P.E. *= probable error. 

Report 

9. (a) If 90 per cent by weight fall in 



any one class size^ a frequency curve 
shall be given. 

(b) In the 0 to b-micron class, either a 
frequency curve or the distribution by 
weight shall be reported. 

(c) In elutriated products, weight 
distribution shall be expressed and re- 
ported as follows: Weight distribution 
shall be the basis of comparison for all 
elutriated samples. The weight dis- 
tribution for each elutriated portion 
shall be calculated on the basis of 
spherical particles, using the arithmetic 
mean of the microscopic class interval 
as the average diameter for aU particles 
in that range. Each of the elutriated 
fractions shall total in weight distribu- 
tion to the percentage retained in the 
elutriator and the composite curve shall 
be a summation of the distribution 
values in each range. The degree of 
overlapping is a measure of the efficiency 
of the elutriation, and it shall not be 
abnormal in amount. 




Tentative Method for 

DETERMINATION OF THE pH OF AQUEOUS SOLUTIONS 
WITH THE GLASS ELECTRODE^ 



A.S.T.M. Designation: E 70 - 46 T 
Issued, 1946.^ 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This method covers the apparatus 
and procedure for the electrometric 
measurement of pH values of aqueous 
or partly nonaqueous solutions or ex- 
tracts with the glass electrode. It does 
not deal with the manner in which the 
solutions or extracts are prepared. 

Description of Terms 

2, For the purpose of this method the 
term ^^meter^’ shall apply to the instru- 
ment used for the measurement of volt- 
age (either in millivolts or in terms of pH 
units) ; the term ''electrodes/^ to the glass 
and the reference electrode; and the term 
"assembly,” to the combination of the 
meter and the electrodes. The per- 
formance of the meter shall be differen- 
tiated from that of the electrodes. 

Standard Buffer Solutions ■. 


resistant glass® and shall be prepared 
from salts (Note 1) sold specifically for 
use, either singly or in combination, as 
pH standards. The salts shall be dried 
for 1 hr. at 110 C. before use, except in 
the case of borax which shali be sold 
and used as the decahydrate. The buf- 
fer solutions shall be prepared in ac- 
cordance with Paragraphs (5) to (f). 
Fresh buffer solutions shall be prepared 
at intervals not exceeding 3 months. 
The pH values of these buffer solutions 
at various temperatures are given in 
Table!. 

Note 1. — Buffer salts of requisite purity cm 
be obtained in the form of National Bureau of 
Standards standard samples, as follows: 

Staodard 


. Buffer Salt Sample 

Number 

Add potassium phthalate 185 

Potassium dihydrogen phosphate , .... 186-1 

Disodium hydrogen phosphate. . ..... 186-11 

Borax ... 187 


3. (a) The buffer solutions for check- 
ing pH assemblies and glass electrodes 
shall be stored in bottles of chenrically 


» Under the standardization procedure of the Society 
this method is under the jurmdiction of the A.S.T.M. 

Committee E-1 on Methods of Testing. ^ „ 

2 Accepted by the Administrative Committee on 
Standards, December 5, 1946. 


(b) Distilled Distilled water 

shali be boiled thoroughly, or purged 
with carbon dioxide-free air, to remove 
carbon dioxide and shall be protected 

« Pyrex glass bottles have been found satisfactory for 
storage of the solutions. 


1297 



1298 


Test FOR pH of Aqueous Solution's (E 70 - 46 T) 


with a soda-lime tube (Note 2) or the 
equivalent while cooling and in storage. 
The pH of this water shall be between 6.2 
and 7.2 at 25 C. The specific conduc- 
tance at 25 C. of the distilled water shall 
be not over 2 X 10^® per ohm cm., and 
the residue on evaporation, when heated 
for 1 hr., shall be not more than 0.5 mg. 
per liter. 

Note 2. — ^Precautions shall be taken to pre- 
vent mechanical contamination of the distilled 
water with traces of the material used for pro- 
tection against carbon dioxide. 


TABLE values FOR STANDARD BUFFER 

SOLUTIONS FROM 0 TO 60 C.« 


TeanperatureJ 
deg. Ceat, 

0.1 w 

Hydro- 

chloric 

Acid 

0.05 M 
Phthalate 

0 .025 if 
Phosphate 

0.01 M 
Borax 

0 ...... 

1.10 

4.01 

6.98 

9.46 

5 

1.10 

4.01 

6.95 

9.39 

10 

1.10 

4.00 

6.92 

9.33 

15 

1.10 

4.00 

6.90 

9.27 

20 

1.10 

4.00 

6.88 

9.22 

^ 25. 

1.10 

4.01 

6.86 

9.18 

30 

1.10 

4.01 

6.85 

9.14 

35 

1.10 

4.02 

6.84 

9.10 

40 

1.10 

4.03 

6.84 

9.07 

45 

1.10 

4.04 

6.83 

9.04 

50 

1.11 

4.06 

6.83 

9.01 

55...... 

1.11 

4.0S 

6.84 

8.99 

60 

1.11 

4.10 

6.84 

8.96 


® For a discussion of the manner in which these pH 
values were assigned, see the paper by G. G. Manov, 
“Standard Buffer Solutions,'* Symposium on pH Measure- 
ment, FroceedingSt Am. Soc. Testing Mats., Vol. 46 (1946), 

(c) Sydrochloric Acid Buffer Solution 
(OJ N, pH LIO at 25 C.)~Diiute hy- 
drochloric acid, conforming to the specifi- 
cations of the American Chemical So- 
ciety, with the distilled water specified 
in Paragraph (6) to form a 0.1000 db 
0.0005 N solution. Standardize this 
solution against a carbonate-free solu- 
tion of sodium hydi'oxide of known 
strength that has been standardized 
against National Bureau of Standards 
standard sample No. 84c of acid po- 
tassium phthalate. 

(d) Acid Potassium Phthalate Buffer 
Solution (0.05 M, pH 4.01 at 25 C.).— 
Dissolve 10.21 db 0.05 g. of acid potas- 


sium phthalate in distilled water and 
dilute to 1 liter with distilled water in a 
volumetric flask, 

(e) Phosphate Bujffer Solution (0.025 
M,pH 6.86 at 25 C.).— Dissolve 3.402± 
0.001 g. of potassium dihydrogen phos- 
phate and 3.549 =b 0.001 g, of disodmm 
hydrogen phosphate in distilled water 
and dilute to 1 liter with distilled water 
in a volumetric flask. 

(/) Borax Buffer Solution (0.01 M, 
pH P.18 at 25 C.). — ^Dissolve 3.81 rb 
0.01 g. of decahydrated disodium tetra- 
borate in distilled water and dilute to 1 
liter with distilled water in a volumetric 
flask. Keep the bottle containing this 
solution protected from atmospheric 
carbon dioxide or stopper the bottle at 
all times except when actually in use. 

Apparatus 

4. The apparatus shall consist of the 
following: 

(a) Meter. — There shall be three 
permissible types of meters (types I, 
II, and III), the particular choice to be 
made depending upon the desired or 
specified accuracy in the determination. 
For routine determinations of pH, meters 
of types I, II, or III may be used. For 
referee work or in case of dispute, type I 
meters shall be used. These designa- 
tions of types of meters are made oii the 
basis of the electrical characteristics of 
the meter and of the operating per- 
formance of the assembly. The require- 
ments for the electrical characteristics of 
meters of types I, II, and III and the 
operating performance of the assemblies 
are given in Table II. The electrical 
shielding shall be sufficient to avoid the 
effects of body capacitance. 

(p) Glass Electrode.~li\i% mm^ouiion 
of the glass electrode (Note) shall be 
such that the stability and pH response 
shall conform to the requirements pre- 
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scribed in Section 5 ,(5). Glass, elec-' 
trodes for use with,., .meters , of . types I 
and II shall have a resistance of approxi- 
mately,, SOO megohms at 25 C., and elec- 
trodes for use. with type III meters shall 
have a resistance of not over .. 10 .meg- 
ohms. The leads of glass electrodes 
intended for use outside the electrode 
corn,partme,nt',,,of . the meter- (external . 


all times there shall be an excess of so.lid 
. potassium chloride surrounding the calo- 
mel. For routine test work^ the solution 
surrounding ' the ',,cab,inel. may ,.' be 
saturated at 0 C. with, . potassium 
chloride. The junction- between the, 
saturated potassium chloride solution of 
the reference electrode and the buffer or 
test solution shall permit of easy washing 


TABLE IL-ELECTRICAL CHARACTERISTICS OF METERS AND OPERATING 
PERFORMANCE OF ASSEMBLIES. 



Type I Meter 

Type II Meter 

^ Type HI Meter 

Electrical Characteristics OF Meters 

Vacuum-tube operatioa. 

Type of measuring circuit 

Method for detection of balance point, 

yes 

potentiometric 
null indicator (gal- 
vanometer or elec- 
tron-ray tube) 

yes , 

direct reading 
direct reading 

no 

potentiometric 
lamp and scale gal- 
vanometer'i 

Maximum grid current in amperes drawn from glass 
electrode during measurement of pH or electro- 
motive force 

2 X 10-12 

j 5 X 10-11 


Standard cell for calibration of working battery 

yes 

optional 

yes 

Scale; 

Units shown 

Minimum range in pH units 

Minimum range in millivolts 

Maximum value of smallest ruled interval 

millivolts or pH or 
both 

0 to 13 

0 to ±1100 

0.1 pH i 

10 mv. 1 

pH 

0 to 13^ 

0.1 pH 

millivolts or pH or 
both 

0 to 13 

0 to ±1100 

0.1 pH 

10 mv. 

Asymmetry potential compensator 

Automatic or manual temperature compensator 

Minimum range, deg. Cent 

Maximum value of smallest graduation, deg. Cent. 
Power supply, batteries or llO-voIt a.c 

yes 

yes 

10 to 40 

1 

either 

yes 

optional® 

10 to 40 

1 

either 

optional 

optional® 

10 to 40 

1 

batteries 

Operating Performance op Assemblies 

Maximum error at upper end of scale between applied 

and observed voltage (see Section 5) 

Reproducibility on buffered solutions 

Overall accuracy between pH 1 and 12, exclusive of 
sodium-ion error of electrode 

±2 mv. 

±0.02 pH 

±0.05 pH 

±6 mv. 

±0.05 pH 

±0.1 pH 

±6 mv. 

±0.05 pH 

±0.1 pH , 


'* Minimum sensitivity equivalent to 0.0005 microamperes per mm. atone meter. 

** A double scale may be provided, , , ^ i . v •• 

« If a temperature compensatoris not provided, the mstrument shall be furnished with suitable charts or graphs giving 
corrections for every degree from 10 to ^10 C. for various pH readings. 


electrodes) shall be suificientiy well 
shielded to avoid the effects of body 
capacitance. - 

Note. -“R equirements for the physical dimen- 
sions and shape of the electrodes and the compo- 
sition of the internal reference solution are not 
considered part of this method. 

(6*) R^emwe'', ,=: Ekctrode^--Foi ' referee 
purposes, the saturated calomel electrode 
shall be the reference electrode, and at 


to remove traces of solution from the 
previous determination and shall be of 
such construction that a fresh junction 
can be formed for each test. 

(d) Storage of Electrodes ~Th.% lower 
halves of the glass and calomel electrodes 
shall be stored in distilled water when 
not in use. The 'low sodium-error'' 
electrodes shall ' be stored in a buffer 
solution of approximately pH 10, 
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Performance' Tests of Meter and Elec- 
trodes ^ 

NoTE.—Except for referee or researcli 
purposes it will usually be unnecessary to per- 
form the tests indicated in Section 5. For 
routine work the standardization of the assembly 
described in Section 6 will suffice, 

S. (a) Meter , — The meter shall be 
brought to electrical balance in accord- 
ance with the manufacturer’s instruc- 
tions. The performance shall then be 
tested applying a known, variable poten- 
tial through a resistance of approximately 
500 megohms (10 megohms in the case of 
type III meters) to the terminals of the 
meter, the high-resistance lead being 
connected to the terminal corresponding 
to the glass electrode. (The source of 
known potential may be a precision-type 
potentiometer with a range of 1100 mv. 
or more and a limit of error not greater 
than 0.1 mv. The 500 (or the 10) 
megohm resistor shall be properly 
shielded to avoid capacity pickup. The 
general precautions to be observed are 
those customary in measurements of high 
impedances,) Commencing with a value 
of zero, the applied potential shall ^ 
be increased in increments of 100 mv., 
and the readings of the dial of the meter 
at balance shall be noted. The process 
shall be completed to cover the entire 
range of the meter. If the meter is 
calibrated in terms of pH only, the 
observed differences in pH shall be 
multiplied by 59.1 to convert to milli- 
volts. In no case shall the difference 
between the applied voltage and that 
indicated on the meter differ by more 
than 1 mv. per increment of applied 
voltage, and the cumulative error at the 
end of the scale shall not be more than 
plus or minus 2 mv. for type I meters 
and plus or minus 6 mv. for meters of 
types II and III. 

{h) Glass Electrodes— The difference 
in the potentials between the glass and 
the hydrogen electrodes shall be meas- 
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ured when both electrodes are immersed 
in the identical portion of various buffer 
solutions over, the range of pH of approxi- 
mately 1 to 13. ■ The cell used for these 
comparisons shall be placed in a water 
bath thermostatically controlled to within 
plus or minus 0.1 C, at any convenient 
temperature between 20 and 30 C. 
The buffers used for this test shall be 
those listed in Section 3. In addition^ the 
folio wing buffer solutions sha 11 also be used: 
(i) a phosphate buffer solution, approxi- 
mate pH 11.7 at 25 C., prepared by 
dissolving 2.556 rt 0.001 g. of dried 
disodium hydrogen phosphate in 138.0 
zb 0.5 ml. of carbonate-free 0,1 M sodium 
hydroxide and diluting to a total volume 
of 1 liter; and (2) a carbonate-free solu- 
tion of sodium hydroxide, which has 
concentration of 0.1000 zb 0,0005 M and 
an approximate pH value of 12.9. The 
difference in the potentials between the 
glass electrode and hydrogen electrode 
shall be independent to within 0.02 unit 
of the pH of the solution up to pH 9.18 
for electrodes of all types and not more 
than 0.1 unit at pH 12.9 for electrodes of 
the “low sodium-error” type. 

Standardization of the Assembly 

6. (a) The temperature control knob, 
if one is provided, shall be set to corre- 
spond to the proper temperature. The 
instrument shall be turned on, allowed 
to warm up thoroughly, and brought to 
electrical balance by carefully following 
the manufacturer’s instructions. The 
glass electrode shall be thoroughly 
washed with distilled water (Note 1). 
If the calomel electrode is of the enclosed 
or pencil type in which contact of the 
saturated potassium chloride solution is 
made through a capillary, it shaU be 
washed in the same manner and at the 
same time as the glass '^electrode. If 
the calomel electrode is of the type in 
which the saturated potassium chloride 
solution has free access to the buffer 
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solution, the old junction shall be flushed 
and a fresh one formed. ■ 

^ Not^, J .—It is suggested that the electrodes 
be given at least five washings of approximately 
15 ml. each with a stream of water from a wash 
bottle, followed by two additional washings of 
approximately 50 ml each from the mouthpiece 
of the wash bottle. The sample cup should be 
similarly washed and shaken to remove the 
excess drops of water. 

(b) The sample cup shall then be filled 
with phthalate buffer solution and the 
electrodes immersed in the cup. In 
type I meters the dial of the instrument 
shall be set to read the pH value appro- 
priate to the standardizing buffer solu- 
tion used. The operating button shall 
be engaged and the zero control (some- 
times called the asymmetry potential) 
knob rotated until the meter is brought 
to balance. In type II meters the oper- 
ating button shall be engaged and the 
zero control knob rotated until the 
reading of the dial corresponds to the 
known pH of the standardizing buffer 
solution. Type III meters usually have 
no zero adjustment, but the value for 
the potential of the cell combination 
should be noted. The process shall then 
be repeated, using additional portions of 
the standardizing buffer solution, until a 
reproducibility is reached of plus or 
minus 0.02 unit for type I meters, 0.05 
unit for type II meters, and 0.1 unit for 
type III meters. The electrodes shall 
then be washed off as described in Para- 
graph (4. 

(c) The second buffer solution (Note 
2) selected from Table I for the stand- 
ardization of the assembly shall corre- 
spond as closely as possible to the antic- 
ipated value for the solution the pH 
of which is to be determined. The 
above process shall be repeated except 
that the zero control knob shall not 
be adjusted for the standardization 
against the second buffer solution. The 
assembly shall be judged to be operating 


satisfactorily if the reading obtained for 
the second buffer solution agrees' with 
the known value of that buffer solution 
to within 0.02 unit for type I meters, 
0.05 unit for type II meters, and 0.1 
unit for type III meters. The electrodes 
shall then be washed as described in 
Paragraph (a). The meter now shall be 
considered ready for the determination 
of the pH of a test solution. 

Note 2. — The assembly shall always be 
calibrated with two buffer solutions to check the 
linearity of the response of the electrode at 
different pH values and to detect a faulty glass 
electrode. The standardization of the assembly 
with only a single buffer solution may be com- 
pletely erroneous because of the wide range of 
the zero control knob. The presence of a faulty 
electrode will be detected by failure to obtain a 
reasonably correct value (plus or minus 0.02 
unit) for the pH of the second buffer solution 
when the meter has been standardized in terms 
of the first. A cracked electrode will yield pH 
values that are essentially the same for both 
buffer solutions. 

(d) The assembly should be calibrated 
every time it is used, if only an occa- 
sional pH determination is made, and 
at short convenient intervals, for exam- 
ple, every fifth sample, in a long series of 
measurements. The calibration with 
standard buffer solutions shall be per- 
formed at both the beginning and the 
end of the measurements. 

Determination of pH of Test Solution 

7. (a) If a precision of greater than 0.1 
pH unit is desired, the temperature of 
the standardizing buffer solutions, the 
glass and calomel electrodes, and the test 
solution shall be within 2 C. of one 
another. Electrodes, buffer solutions, 
test solutions, and w^ash water shaU be 
kept at the temperature of measurement 
for at least 2 hr. prior to making the 
measurement in order to reduce to a 
negligible value the effects of thermal or 
electrical hysteresis of the electrodes. 

(J) After the meter has been cali- 
brated with two standard buffer solu- 
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tions (Section 6), the electrodes and the 
sample cup shall be thoroughly washed 
as described in Section 6 (a). The cup 
shall then be filled with a portion of the 
test solution and a preliminary value 
obtained for its pH. In general, this 
value will drift and should be regarded 
as an estimate. Subsequent readings 
taken on additional portions of the same 
test solution will yield successively more 
constant pH values-. In the case of test 
solutions that are well buffered, three 
portions may be sufficient to yield pH 
values that are reproducible to within 
plus or minus 0.02 unit and that show 
drifts of less than plus or minus 0.02 
unit in 1 or 2 min. The pH of very dilute 
or unbuffered solutions shall be mea- 
sured in the manner directed above, 
except that the solution shall be placed 
in a suitable wide-mouth flask that 
previously has been flushed with carbon 
dioxide-free air. The contents of the 
flask shall be protected from exposure to 
atmospheric carbon dioxide. The pH 
values of such solutions may be repro- 
ducible to approximately 0.05 unit. 

(c) The pH of solutions more alkaline 
than pH 9 may also be determined with 
the use of the “low sodium-error” glass 
electrodes. The manufacturer's instruc- 
tions shall be followed carefully. 


(d) The pH of distilled water, shall . be. 
measured by first 'calibrating the assem- 
bly with phthalate buffer and making 
measurements of the pli of the distilled 
water in a carbon dioxide-free atmos- 
phere as directed in Paragraph , (&), .and 
then recalibrating the .assembly with 
borax buffer and making a, second set. of 
measurements of the pH of the distilled 
water. In this manner two values will 
result, the first of which wall be slightly 
more acid and the second slightly more 
alkaline than the true pH of the water. 
The two values, however, should check 
to within 0.1 unit and the average shall 
be reported. The ‘ ^flow-type” electrodes 
may also be used. 

Report 

8. (a) The pPI values obtained for the 
solution shall be reported to the nearest 
0.05 or 0.1 unit, depending on the type 
of the meter used and the precision set 
forth ill the specifications for the ma- 
terial under test. 

(6) The pH of solutions that are only 
partially aqueous in character shall be 
approximated in the manner described 
in Section 7. The values so obtained 
shall be reported as apparent pH values. 
Particular care should be taken to keep 
the electrodes free of deposits of foreign 
matter. 



Tentative Method of Test for 
SOFTENING POINT* 

BALL AND SHOULDERED RING APPARATUS 



A.S.T.M, Designation: E 28-42 T 
Issued, 1936; Revised, 1939, 1942.* 

This Tentative Method has been approved by tiie sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 
be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1, [a) This method of test for soften- 
ing point by ring-and-ball method is 
applicable to asphalts, tars, pitches, 
rosins, and most resins both natural and 
synthetic. 

(6) Sojtening Point . — In general, with 
materials of this type, softening does not 
take place at a definite temperature.- 
As the temperature rises, these materials 
gradually and imperceptibly change from 
brittle or exceedingly thick and slow 
do wing materials to softer and less vis- 
cous liquids. For this reason the de- 
termination of the softening point must 
be made by a fixed, arbitrary, and closely 
defined method if the results obtained 
are to be comparable. 

Apparatus 

2. The apparatus shall consist of the 
following: 


1 Under the standardizMion procedure of the Society, 

this method is under the Jurisdiction of the A.S.T.M. 
Committee E-1 on Methods of Testing. ^ ,, , 

2 The ring-and-ball method was first standardized by the 

Society’s Committee I)-4 on Road and Paving Ma.tcnals 
as applying to biiumlnous materials and issued under the 
A.S.T.M. Designation D 36. The^present method is an 
extension and modification of the ring-and-ball methoa to 
make it applicable to materials other than bitummous 
materials as well. ^ 


(а) Ring . — A brass shouldered ring 
conforming to the dimensions (Note) 
shown in Fig. 1 (a). The ring may be 
attached, by brazing, to a No. 11 B. & S. 
gage brass wire (diameter 2.31 mm. =* 
0.091 in.), (see Fig. 2). 

Note. — ^The tapered ring formerly specified 
in the Tentative Method of Test for Softening 
Point (Ball and Tapered Ring Apparatus) 
(A.S.T.M. Designation: E 28 - 39 T) of the 
American Society for Testing Materials,* may 
be used interchangeably with the shouldered 
ring. 

(б) Ball.-A steel ball, -9.53 mm. (f ia.) 
in diameter weighing between 3.45 and 
3.55 g. 

(c) Ball Guide . — A baU guide for cen- 
tering the balls, constructed of brass, 
and having the shape and dimensions 
illustrated in Fig. 1 (c). 

(d) Container . — A glass vessel, capa- 
ble of being heated, not less than 8.5 
cm. (31 in.) in diameter and not less 
than 10.5 cm. (4J in.) in depth from the 
bottom of the flare. (A 600-ml. low- 
form Griffin beaker meets this require- 


» m9 Book of A.S.T.M, Standards, Part II, p. 1169; 
Part III, p. 1127. 
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ment. For use with the ring holder an 
800-mL tail-form beaker is convenient.) 

(e) Sup f mi for Ring and Thermom- 
eter.— Any comenimt method for sup- 
porting the ring and thermometer may 
be used (see Figs. 2, 3, and 4) provided 
it meets the following requirements: The 
ring shall be supported in a substantially 


the upper surface of the lower horizontal 
plate; the lower horizontal plate shall 
be at least 1.3 cm. (| in.) above the 
bottom of the glass vessel. The ther- 
mometer shall -be suspended so that the 
bottom of the bulb is level with the 
bottom of the ring and within 1.0 cm. 
(f in.) but not touching the ring. For 



Note- This diomefer to be i \ 

s Ugh fly (opproximofely 0.002") [ j U V 

larger than f/s'‘ to allow ph cin g / “11 J~ 
and centering ^/a" steel ball. ^ Ji ^ 
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Note:- For use with the single 
ring holder, Fig. 2, a notch 
should be cut out in lower 
edge to fit over the wire 
support. 

(c) BofI Centering Guide. 


(b) Ring Holder. 

FiO. 1. — Shouldered Ring, Ring Holder, and Ball-Centering Guide. 


horizontal position. The top of the 
ring shall be at least 7.6 cm, (3.0 in.) 
below the top of the container and at 
least 5.1 cm. (2.0 in.) below the surface 
of the heating liquid. Using the appa- 
ratus in Fig. Ij the bottom of the ring 
shall be 2.S cm. (1.0 in.) above the bot- 
tom of the glass vessel. If the ring 
holder is used (see Fig. 3), the bottom of 
the ring shall be 2.5 cm. (1.0 in.) above 


referee work the ring holder shaE not 
carry more than two rings. 

(/) Thermometers— (I) An A.S.TM. 
Low Softening Point Thermometer, 
graduated in either Centigrade or Fahr- 
enheit degrees as specified, ha.ving a 
range of —2 to -h80 C. or + 

F. and conforming to the requirements 
for thermometer 15C - 39 or 15F -- 39, re- 
spectively, as prescribed in the Standard 
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Specifications for A.S.T.M. Thermome- a manner as will avoid the inclusion of 
ters (A.S.T.M. Designation: E 1) of the the surface layer. A quantity at least 
American Society for Testing Materials.'* twice that necessary to fill the desired 
(2) An A.S.T.M. High Softening number of rings, and in no case less than 
Point Thermometer, graduated in either 40 g., shall be melted immediately in a 
Centigrade or Fahrenheit degrees as clean container, using an oven, hot 
specified, having a range of 30 to 200 C. plate, sand or oil bath to prevent local 



or 85 to 392 F. and conforming to the 
requirements for thermometer 16C-39 
or 16F - 39, respectively, as prescribed in 
Standard Specifications. E !.■* 

Preparation of Sample 

3. (a) The sample shall be selected 
from the material to be tested in such 


* Appears in. this publication, see Contents in Nnmeiic 
Sequence of A.S.T.M. Designations at front of book. 


overheating. Care shall be taken to 
avoid incorporating air bubbles in the 
sample which shall not be heated above 
the temperature necessary to pour the 
material readily without inclusion of air 
bubbles. The time from the beginning 
of heating to the pouring of the sample 
shall not exceed 15 min. 

(J) Imniediately before filling the 
rings, they shall be preheated to ap- 
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proximately the temperature at which 
the material is to be poured. The 
rings,' while filled, should rest; 

OB an ‘amalgamated brass plate. 
The ' quantity of ' material poured into 
the rings shall be such that after 
20-min, cooling at room temperature of 
materials with softening points below 
80 C. (176 F.) and 40-min. cooling for 
materials of higher softening point, an 
excess amount will remain which shall 
then be cut off cleanly with a slightly 
heated spatula. For routine testing this 
period of time may be curtailed accord- 
ing to the characteristics of the material 



Fig. 3. — Assembly of Apparatus, Showing 
Two Rings. 

under test. In case the test is to be re- 
peated, a clean container and fresh 
sample shall be used. 

Procedure 

4. (a) Assembling Apparatus.— The 
glass container shall be Med to a depth 
not less than 9 cm. (3.5 in.) with freshly 
boiled distilled water (or with glycerol 
for materials melting above 80 C. (176 
F.)) which has been cooled to not less 
than 45 C. (113 F.) below the anticipated 
softening point but in no case lower than 
5 C. (41 F.) for materials melting below 
80 C. (176F.) and in no case lower 
than 35 C. (95 F.) for materials melting 
above 80 C. (176 F.). Provision shall 


be made for. centering .the, ball, on thC' 
upper surface of the sample, either by' 
use of the ball guide or by ^ making, a 
slight indentation in the center of the 
sample. The latter may be, done by 
pressing the ball or a rounded rod into, 
the material at this point. In the case 
of hard materials the rod may be heated. 
The ring containing the sample and ball 
guide, if used, shall be suspended in the 
water so that the lower surface of the 



filled ring is 2.5 cm. (1 in.) above the 
bottom of the glass container (Fig, 2) or 
2.5 cm. above the upper surface of the 
lower horizontal plate which is at least 
1.3 cm. (I' in.) above the bottom of the 
glass vessel (Fig. 3) and so that its upper 
surface is at least 5.1 cm. (2 in.) below 
the surface of the’ water. The ball shall 
be placed in. the water but not on the 
specimen. The " thermometer ' shall be 
suspended so that the bottom of the 
bulb is level with the bottom of the ring 
and within 1.0 cm. (| in.) but not touch- 
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ing the ring. The initial temperature 
shall be maintained for IS min. With 
suitable forceps the ball shall be placed 
in the center of the upper surface of the 
material in the ring. 

(b) EeaHng.— To facilitate ' uniform 
heatingy, the burner shall be placed mid- 
way between the center and the edge of 
the . beaker on a diameter at right angles 
to the diameter which includes the ring 
. or rings and the thermometer bulb. The 
effect of drafts on uniformity of heating 
must be eliminated, using shields if 
necessary. The heat shall be applied 
in such manner that the temperature of 
the bath is raised 5 C. (9 F.) each 
minute. ' 

(c) Permissible Variation in Rise of 
Temperature . — The rate of rise of tem- 
perature shall be uniform and shall not 
be averaged over the period of the test. 
The maximum permissible variation for 
any minute period after the first three 
shall be plus or minus 0.5 C. (0.9 F.). 
All tests in which the rate of rise exceeds 
these limits shall be rejected. 

Softening Point 

5. (a) The temperature reading to one- 
half of the smallest scale division in- 
dicated by the thermometer at the in- 
stant the sample touches the bottom 
of the container (or the lower horizontal 
plate) shall be taken as the softening 


point. No corrections shaE be made 
for emergent stem of the thermometer. 

{b) For materials softening .around 80 
C. (176 F.) the nature of the bath fluid' 
(water or glycerol) shall be Teported, 
since a' glycerol bath yields, slightly 
higher results than a water bath. 

Precautions 

6. {a) The use of freshly boiled dis- 
tiffed water is essential, as otherwise air 
bubbles may form on the specimen and 
affect the results. Rigid adherence to 
the prescribed rate of heating is abso- 
lutely essential for reproducibility of 
results. 

{h) A thin, amalgamated copper plate 
or a sheet of filter paper placed on the 
bottom of the glass vessel will prevent 
the material from sticking to the bottom 
of the glass vessel, thereby saving con- 
siderable time and trouble in cleaning. 

(c) In order to insure uniform heat 
distribution at ail times throughout the 
bath, a mechanical stirrer should be 
used. 

Reproducibility of Results 

7. With care and proper attention to 
details, duplicate determinations of soft- 
ening point by this method should not 
differ by more than 1.0 C. (1.8 F.). 


Tentative Recommended Practice for 

CHARACTERISTICS OF STANDARD CARBON ARC 
ACCELERATED WEATHERING UNIT‘ 



A.S.T.M. Designation: E 42 - 42 T 
Issued, 1942.® 

This Tentative Recommended Practice has been approved by the sponsoring 
committee and accepted by the Society in accordance with established pro- 
cedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. This recommended practice covers 
the basic principles of an accelerated 
weathering unit of the carbon arc type. 

Note. — ^Inasmuch as weather varies from 
day to day and place to place, thus making it 
impossible to correlate with the weather at all 
times and for all locations, it is desirable to pro- 
mote the adoption of such cycles as will repro- 
duce the particular weathering influences that 
are of interest. It is believed that the charac- 
teristics recommended herein cover those points 
of fundamental importance that will provide an 
acceptable accelerated weathering unit for 
many purposes, and at the same time permit the 
development of detailed and specific cycles 
needed for the obtaining of particular data and 
falling within the general structure of this recom- 
mended practice. As an example, if the em- 
phasis is on rust-inhibiting paint, in addition to 
any cycle adopted, it may be desirable to have 
an accessory high humidity cabinet made 
available. 

Apparatus 

2. (a) The light source shall be a 
carbon arc. 

(5) The carbons shall be of such com- 

I Under the standardization procedure of the Society, 
this recommended practice is under the jurisdiction of 
the A.S-T.M. Committee E-l on Methods of Testing. 

* Accepted by Committee E-10 on Standards, August 
24 . 1942 . 


position and operating under such con- 
ditions that the quality of the spectrum 
as it strikes the test specimens shall 
approach so far as possible the spectrum 
of the sun. 

(c) The weathering unit shall include 
means for measuring and controlling 
the following: 

(1) Current, 

(2) Voltage, 

(3) Temperature of air and water, and 

(ff) Running time. 

(d) The materials of construction 
shall be of such character as not to react 
with the test specimens during the test. 

Procedure 

3. (a) Light values shall be measured 
by the oxalic acid - uranyl sulfate method 
described in the Tentative Method of 
Calibrating a Light Source Used for 
Accelerating the Deterioration of Rub- 
ber (A.S.T.M. Designation: D 749).® 

(&) Specimens shall be mounted ver- 
tically and shall rotate about the arc in 
order to provide uniform distribution of 
the light. If the specimens are mounted 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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vertically both above and below the 
horiaOBtal center line of the light sourccj 
their position should be transposed 
periodically to provide uniform dis- 
tribution of the light in a vertical plane 
over the entire: face of the specimen. 
Products of combustion shall not be 
permitted to touch the specimens. 

■ (c) The air temperature' at the dis- 
^tance of the surface of the specimens 
under test shall be constant. It shall 
be determined by a shielded thermom- 
eter at a point most remote from the 
water spray. 

(d) Water sprays shall be provided 
whereby clean water such as drinking 
water may be forced on the specimens 
to simulate the washing action of rain, 


to provide moisture' for causing alter- 
nate expansion and contraction due to 
swelling and drying out, and to ■ intro- 
duce thermal shock and sweating. No 
recirculation or immersion in the spray 
water shall be permitted. 

Note. — C ertain types of water may contain 
constituents deleterious to t!ie materials under 

test. 

(e) The accelerated weathering unit 
at all times shall be operated under 
constant voltage at the recommended arc 
amperage. The proper carbons shall 
be used, the globes and filters cleaned at 
frequent intervals, and the temperatures 
of the air and water shall be regulated 
within the tolerances established. 



Tentative Recommended Practices for 

DESIGNATION OF NUMERICAL REQUIREMENTS IN 

STANDARDS* 



A.S.T.M. Desigcation: E 29 - 40 T 

ISSXJED, 1940.® 

These Tentative Recommended Practices have been approved by the spon- 
soring committee and accepted by the Society in accordance with established 
procedures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (<j) These recommended practices 
are intended to assist the various stand- 
ing committees in the use of uniform 
terms and conventions in expressing 
numerical requirements in specifications 
and methods of testing. Their aim is 
to outline practices which should aid 
in clarifying the intended meaning of 
limiting values, with which test values 
are compared in acceptance and rejec- 
tion of material. Certain nonnumerical 
terms closely related to numerical ex- 
pressions are also included. 

(6) These practices are not intended 
to be used in the interpretation of speci- 
fications which do not definitely call for 
their use. The provisions of these prac- 
tices apply to the Society's standards 
as they bear on the acceptance and re- 
jection of material, however, when such 
standards make definite reference to the 
practices as covered in Section 2. 

1 Under the standardization procedure of the Society, 
these recommended practices arc under the jurisdiction 
of the A.S.T.M. Committee E-1 on Methods of Testing. 

* Accepted by the Society at annual meeting, June, 
1940 . 


(u) Definite interpretations are as- 
signed to the following: 

(i) The phrase “to the nearest 

" when applied to a specified 

limit (see Section 4 (a)). 

{Z) The underlining of figures in a 
specified limit, for example, “ 1.500 ” 
(see Section 5 (a)). 

(3) The symbol “db” when applied 
to a specified value of maximum per- 
missible deviation (see Section 8 (J)). 

(4) The term “average” (see Sec- 
tion 9 (a)). 

Reference to These Practices in 
Standards 

2. The inclusion of the following para- 
graph, or a suitable equivalent, in any 
standard (preferably immediately after 
the section on “Scope”) shall constitute 
due notification that numerical require- 
ments in that standard are subject to 
the interpretations : set ' forth; m these 
recommended practices: ' 

• Inter pretaiion of Numerical Requirements,— 
The numerical requirements of this standard are 
subject to the Interpretations set forth in the 
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Tentative Recommended Practices for Deslgna- 
tioE of. Numerical Requirements, in Standards 
(A.S.T.M. Designation: E 29) of the American 
Society' for Testing Materials. Particular at- 
tention is called to th.e use of — (insert one of the 

following: (i) the phrase ^'to the nearest' 

(2) underlining; (3) underlining and use of the 

■phrase To the, nearest expressing 

specified li,niits. 

Expression of I'limerical Requirements 

3, (a) The unqualified statement of a 
numerical limit, such as ^^2.50 in, max.’^ 
cannot, in view of different established 
practices and' customs, be regarded as 
carrying a definite operational meaning 
(i) as to the number of places of figures 
to be read on the scale of measurement, 
or (2) as to the number of places of 
figures to be retained in an observed or 
calculated value for purposes of accept- 
ance and rejection. 

Measurement — In some fields, specified 
values of 2.5 in. max., 2.50 in. max., 2.500 in. 
max., are taken to imply that a length deter- 
mination should be made to the nearest 0.1 in., 
0.01 in,, 0.001 in., respectively. In other fields, 
no such significance is attached to this differ- 
ence of expression. 

Acceptance and Rejection, — In some fields, 
specified values of 2.5 in. max., 2.50 in. max., 
2.500 in. max., are taken to imply that for pur- 
poses of acceptance and rejection, observed 
values or calculated values should be rounded off 
to the nearest 0.1 in., 0.01 in., 0.001 in., re- 
spectively. In other fields, these three specified 
values are taken to, imply the same absolute 
limit of two and one-half inches and that no 
d'eviation, however small, in excess of this value 
is aEowed. 

' (fi) Clear meaning on these points can, 
be assured only by specifying the follow- 
ing operations: 

(A) .. How measurement values are 
to be obtained^ and 

(B) How the observed values or 
calculated values are to be handled 
when they are compared to specified 
values in determining acceptability of 
maieriaL 

(c) In specifying operation (A) the 
following items should be included: 


(i)'. The, test or analytical method 
to be followed, 

(^)'The t 3 q)e of measuring device 

to be used, 

(i) The units of measure'ment to 
be used, and 

(4) The number of places of figures 
to be read on the scale of 'measure- 
ment 

■ (d) Methods of specifying operation 
(B) are given in the following Paragraphs 

(e) to (f). 

(t) The numerical requirements 
should be so expressed that the number 
of places of figures to be considered 
significant for purposes of acceptance 
and rejection are clearly indicated. 

(/) If all places of figures in an ob- 
served or calculated value are to be 
considered significant for purposes of 
acceptance and rejection, this intent may 
be made clear by a direct statement in 
the standard, such as: ^ ^Observed or 
calculated values should not be rounded 
off but should be compared directly with 
specified values, for purposes of accept- 
ance and rejection.’* 

(g) If a limited number of places of 
figures in an observed or calculated 
value are to be considered significant 
for purposes of acceptance and rejec- 
tion, this intent may be expressed by 
the use of the phrase “to the nearest 
,** as follows: 

CarboQ (to the nearest 0.01 

per cent) '0,20 per cent, mia. 

Tensile strengtli (to the 
nearest 100 psi.) — . . 62 000 psi,, min. 

When the use of the phrase “to the 

nearest. ” is not practicable, the 

number of figures to be considered 
significant may be indicated by a direct 
statement or. by underlining the sig- 
nificant places, as follows: 

Carbon 0.20 per cent, min.; 

TensEe strength 62 WQ pd'-, min. 
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Meaning of Plirase ■ “to tlie nearest ” 

4. (a): Tke phrasej the nearest 10, 
1 , 0 . 1 , 0 . 01 , etc.,” when applied to speci- 
fied limits, shaH be interpreted to 
ha¥e the meaning that an observed 
value or a calcniated value is, for pur- 
poses of acceptance and rejection, to be 
rounded off to the nearest unit -in the 
place occupied by the digit 1 in the 

phrase ^‘to the nearest that is, 

shall be rounded off to the nearest digit 
in the last right-hand place of figures 
considered significant. 


specified Limit 

Observed Value or 
Calculated Value 

Rounded-off Value 
to be Used for Ac- 
ceptance Purposes 

Conforming to Speci- 
fied Limit 

Tensile Strength 

60 000 psi., 

59 940 

59 900 

No 

(to the nearest 

min. 

59 950 

60 000 

Yes 

100 psi.) 


59 960 

60000 

Yes 

Tensile Strength 

60 500 psi., 

60 440 

60 400 

1 No 

(to the nearest 

xnm. 

60 450 

60 400 

iNo 

100 psi.) 


60 460 

60 500 

Yes 

Antimony (to the 

0.90 per 

0.894 

0.89 

No 

nearest 0.01 per 

cent, min. 

0.895 

0.90 

Yes 

cent) 


0.896 

0.90 

Yes 

Antimony (to the 

0.91 per 

0.904 

0.90 

No 

nearest 0.01 per 

cent, min. 

0.905 

0.90 

No 

cent) 


0.906 

0.91 

Yes 


Notb.-- T he final rounded-off value should be obtained 
from the most precise value available and not from a series 
of successive rounded-off values; for example, 59,490 psi. 
to the nearest iOQ and then to the nearest lOOO psi. be- 
comat 59,500 and 59,000 (not 60,000) psi., respectively, 
since the most precise value available is less than 59.500. 

(4) The actual rounding-off procedure 
shall be carried out as follows:* 

(i) When the figure next beyond 
the last figure or place to be retained 
is less than 5, the' figure in the last 
place retained should be kept un- 
changed. 

(3) When the figure next beyond 
the last figure or place to be retained 
is more than 5, the figure in the last 
place retained should be increased 
by L 


• This rounding-off procedure agrees with that adopted 
in the American Standard Rules for Roundinir Off Numeri- 
cal Values (ASA No: ZaS.l-mO). 


(J) When the figure next beyond 
the last figure or place to be retained 

is 5, and 

(a) there' are no figures, or only 
zeros, beyond this 5, if the figure 
in the last place to be retained is 
odd, it should be increased by 1; 
if even, it should be kept un- 
changed; 

(J) if the 5 next beyond the 
figure in the last place to be re- 
tained is followed by any figures 
other than zero, the figure in the last 
place retained should be increased 
by 1, whether odd or even. 

The above rules for rounding off may be re- 
stated as follows: 

(A) The figure in the last place to be 
retained should be kept unchanged (a) 
when the figure in the next place is less 
than 5 ; (b) when the figure in the next 
place is 5 followed by no other figures 
or by only zeros, and the figure in the 
last place retained is even. 

(B) The figure in the last place to be 
retained should be increased by 1, (a) 
when the figure in the next place is 
more than 5; (b) when the figure in the 
next place is 5 followed by no other fig- 
ures or by only zeros, and the figure in 
the last place retained is odd; (c) when 
the figure in the next place is 5, fol- 
lowed by any %ure or figures other 
than zero. 

(c) If it should be necessary to 
round off to the nearest 50, 5, 0.5, 0.05, 
etc., this can be done by the application 
of the same general principles used above 
except that in case of observed or calcu- 
lated values that are exactly half-way 
between two rounded-off values, the 
rounding off is done step-wise, that is, 
in two successive steps; for example, 
6025 to the nearest SO first becomes 6020 
(Section 4 (6), item (3) (a)), which in turn 
becomes 6000 ; while 6075 to the nearest 
50 first becomes 6080 (Section: 4 (6), item 
(3) (a)), which in turn becomes 6100. 

Meaning, of the “IFncferlmlng” /Symbol 

5. (a) Underlining, when applied to 
specified limits shall be interpreteci, to 
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hme the meattiag that an observed value 
or a calculated value is, for purposes of 
■acceptance and rejection, to be rounded 
off to the nearest unit in the last right- 
hand place of figures underlined. 

(6) Thus underlining is the ■ simple 
equivalent of the phrase “to the nearest 
10, 1, 0.1, 0.01, etc.” 

Use of the Phrase the nearest....^’ 

and of the Underlining Symbol 

6. (a) The use of the phrase “to the 
nearest ” (or of underlining) in desig- 

nating specified limits, in effect specifies 
that the operation of “rounding off” 
observed or calculated values shall be 
considered applicable in determining 
whether those values are conforming or 
nonconforming with the specified limit. 

(b) It is recommended that the round- 
ing-off method as indicated by the use 

of the phrase “to the nearest ” (or 

by underlining) be employed as widely 
as possible in designating limits for 
dimensions. In view of the fact that 
well established gage tolerances and 
other practices in some fields do not 
employ the principle of “rounding off” 
here discussed, the use of the phrase “to 

the nearest ” (or of underlining) 

may not be considered universally 
applicable to all dimensional require- 
ments. Where other procedures are to 
be used, it is recommended that the 
standard contain a direct statement as 
to the practice intended by the com- 
mittee originating the specification. 
Clear expression on this point should 
aid in preventing misunderstandings 
and disagreements in instances where 
observed values are marginally close to 
specified values. 

(c) It is recommended that the phrase 
“to the nearest.......” (or underlining) be 

used generally in designating' percentage, 
diemical composition requirements, and 
that the number of decimal places used 
in expressing limiting values be the same 
as the number of decimal places to be 


considered significant for purposes ■ of 
acceptance and rejection. 

(d) In the interests of simplicity of ex- 
pression, a general statement, used as a 
caption or a footnote, should be used in 
preference to repetitions of the phrase 

“to the nearest ” (or to repeated 

underlining) in instances where ■ the. 
“rounding-off” method is to be specified 
for a large number of similar require- 
ments. Suggestions as to how this may 
be accomplished are given in the follow- 
ing examples: 

(1) If the rounding-off method is to apply 
to all specified limits in the standard and if 
all expressed figures are to he considered significanij 
this may be indicated by adding the following 
sentence to the notification paragraph given in 
Section 2, as follows: 

The following applies to all specified limits 
in this standard: For purposes of acceptance 
and rejection, an observed value or a calculated 
value should be rounded off “to the nearest 
unit” in the last right-hand place of figures used 
in expressing the limiting value. 

(Z) If the rounding-off method is to apply 
to all specified limits in a table, this may be in- 
dicated by a caption or by a footnote in the 
manner indicated in the following examples: 

Example L — ^Same significant places for all items 
in a table (illustrating the use of a caption). 

Chemical Compoaition 
per cent (to the 
nearest 0.1 per cent 

Copper 4.5 db 0.5 

Iron 1.0 max. 

Silicon 2.5 dh 0.5 

Other constituents (magne- 
sium -f* zinc -p manga- 
nese)....... 0.5 max. 

Aluminum remainder 

Example 2 . — Same significant places for all items 
in a table, with one or two exceptions 
(illustrating the use of a caption and a 
footnote). 

Chemical Composition. , 
per cent (to the. 
nearest O.i per cent) 

Aluminum — 6 . 0 db 0. 7 

Zinc 3.0 db O.S 

Manganese. 0.15 min.* 

Copper 0.05 max.* 

Silicon 0. 5 max. 

Other constituents (cadmium 
ri- tin + nickel) (nickel 

0.03 max.®) 0,3 max. 

Magnesium ... . remainder 

« To the nearest 0.01 per cent. 
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Example J.-— Significant places not the same for 
all items in a table (UlustratiBg the use 
„ of a footnote). 

Chemical Composition* 



Min. 

M&x. 

'Nickel.. 

57 


Ghromlum 

...... 14 

18 

Manganese. 


3 

Silicon... 


0.40 

Carbon. 


0.25 

Sulfur. 


0.03 


Iron remainder 

Not®.— T he following applies to all numerical require- 
ments in this table: For purposes of acceptance and rejec- 
tion, an observed value or a calculated value obtained 
from an analysis should be rounded off *‘to the nearest 
unit” in the last right-hand place of figures used in ex- 
pressing the Ihniting value. 

Deciinais 

7. Decimals are preferred to fractions 
in expressing numerical requirements, 
where practicable. It is recognized that 
the use of inches and fractions of inches 
is standard practice in specifying dimen- 
sions for some materials and products. 

Limits 

8. (a) Specifications should indicate 
limits to the range of permissible varia- 
tions of acceptable material These may 
be expressed by the use of maximum 
and minimum values, or permissible plus 
and minus deviations from a specified 
value. 

{b) Double Limits With Preference , — 
If there is a preferred value, it should be 
indicated together with maximum and 
minimum values, or permissible plus 

and minus deviations. 

Example: 

Antimony (to the 
nearest 0.01 per 0-98 per 

cent) .... .< cent,pre 

ferred 

or';'.'. 

Antimony (to the r 
nearest 0,01 per 0.98 per 

cent) < centypre 

ferred. 

If the preferred value lies half-way 

between limits, the maximum deviations 
permissible may be expressed by the 


0.90 per cent, 
min. 

I 1.10 per cent, 
max. 

f —0.08 per 
j cent 
1 +042 per 
( cent 


P'.hrase ‘‘plus or minus’'.^ or the sign. 
An expression msing the phrase ‘^plus or 
minus*’ or the sign ” shall be inter- 
preted to indicate a preferred value,: 
and is thus to be considered as having a 
different meaning from the, statement of 
merely a maximum and a minimum 
value (see Paragraph (c)). 


Example: 

Antimony (to the near- r 
est 0.01 per cent) . . , . < 


LOO 'xh 0.10 per ^ 
cent,. 


{c) Double Limits WithoMt Preference, 
— If there is no preference for a specific 
value, maximum and mini,mum values 
alone should be indicated. 


Example: 

Weight (to the nearest 
0.01 lb.)........... 


23.40 lb., min. 
23.50 lb., max. 


(d) Single Limit With Preference,--- 
If the requirements demand a limit in 
only one direction and there is a pre- 
ferred value, the preferred value should 
be indicated together with the maximum 
or minimum value. 


Example: 

Weight of coating (to 
the nearest 04 mg. 
per sq. in.) 


10.0 nig. per sq. in. 
preferred 

2.0 mg. per sq. in., 
min. 


(e) Single Limit Without Preference,— 
If the requirements ' demand a limit in 
only one direction and there is no prefer- 
ence for a specific value, a maximum or 
minimum value alone should be in- 
dicated. 


Example: 

Weight of coating (to the near- / ^ ^ 
est 0.1 mg. per sq. in.) . . . . . 

\ sq. m., mm. 

(/) Percentage Maximum Permissible 
Deviations— li the 'permissible plus or 
minus deviation is ' a' direct function ' of 
the preferred value, it may be expressed 
as a percentage, particularly if a wide 
range of preferred values is expressed or 
accepted by custom. 
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Examples: 

The twistj in turns per inch to the nearest 
turn, shall , he as. specified, plus or minus 7 per 
cent.' 

The resistance In ohms per foot at 20 C. shall 
be as specified, plus or minus 10 per cent; to 
the nearest 0.001 ohm for gages Nos. 14 to 21, 
to the nearest 0.01 ohm for gages. Nos. 22 to 31, 
and to the, nearest 0.1 ohm for gages Nos. 32 
to 40. On the basis of this specification, the 
table of minimum and maximum values to be 
used for purposes of acceptance and rejection 
would be as follows : 


Wire Gage 

Resistaace," ohm per foot 
ataoc 


Min. 

Specified 

X. 

No. 14 

No. IS 

0.145 

1 0.183 

o.ioi 

0,203 

0.177 

0.223 









No. 21.,.. 

No. 22 

0.732 

0.93 

0.813 

1.03 

O.S94 

1.13 









No. 31 

No, 32 

7.50 

9.3 

8.33 

10.3 

9.16 

11.3 









No. 39 

No. 40 

48.7 

54.0 

54. i 

73.3 

S9.S’ 

80.6 


• The following applies to all specified limits in this 
table: For purposes of acceptance and rejection, an ob- 
served value or a calculated value obtained by test should 
be rounded off “to the nearest unit" in the last right-hand 
place of figures used in expressing the limiting value. 

Averages 

9. (a) Where the term ^‘average” is 
tised without modifiying adjectives, it 
shaE be interpreted to indicate the 
arithmetic mean. If some other average 
is intended, such as the weighted arith- 
metic mean, the geometric mean, etc., 
the standard should so state. 

(b) Standards should indicate clearly 
whether specified limits are to be applied 
to each single reading, to the average of 
aU readings, to the average of certain 
subgroups of readings, etc. 

(c) If the places of figures to be con- 
sidered significant in an average differ 
from those expressed in the specified 
limit for a single specimen, a statement 
should be made to this effect. 


Honnemeiical Terms 

10. (a) The expressions; in the follow- 
ing Paragraphs (b) to (d) diit not numeri- 
cal in character but have a definite re- 
lationship to numerical requirements m 
standards. 

(b) Remainder, Balance, or Differ mce. 
—The analytical method should, in 
general, include the determination of all 
the essential ingredients and al of the. 
impurities for which numerical require- 
ments are specified. The term *Te- 
mainder^* (rather than *%alance” or 
^yifference^O should be used when it is 
not necessary to make a direct deter- 
mination of the remaming constituent 
or constituents involved. 

Cbemicd Composition, 
per cent (to the 
nearest 0.1 per cent) 


Example: 

Copper 4.5 0.5 

Iron. 1.0 max. 

Silicon 2.5 ±0.5 

Other constituents (mag- 
nesium -f zinc ■+• man- 
ganese).... 0.5 max. 

Aluminum remainder 

{c) Trace, None, NiL—Tkt use of 
indefinite terms, such as ^‘trace,’^ 


“none,” “nil” should be avoided unless 
defined as “none by such and such a 
test.” 

id) Total Impurities , — The use of in- 
definite expressions, such as “total im- 
purities,” ^Total other impurities,” etc., 
should be avoided unless the specifica- 
tion likewise lists the elements that 
should be considered under such ex- 
pressions. 

Test Method 

11. (£t) The standard should indicate 
clearly the test or analytical method to 
be followed for determining each of the 
specified numerical requirements. This 
may be done as follows: 

■ : (i) By reference tO: an A.S.T.M. 
standard, 
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' (Z) By describing the method in 

detail, or 

(J) By stating “any approved 
' ' method/' ■ 

ib) ProGedures (i) and (2) are recom- 
mended as preferable to (3). 

Permissible Variations for Controlled 

Constants of Test 

12. Permissible variations for con- 
trolled constants of testing apparatus 
and equipment should be designated. 

Example: 

TMckness test-— “ witb a load of 

0.100 ± 0.001 psi. distributed over a 
circular area of 3.00 =b 0-01 in. in 
diameter.** 

Tensile strength test — with a jaw 

speed of 12.00 =b 0.50 in. per min.** 

In the above examples the underlining desig- 
nates places of figures to be considered signifi- 
cant for purposes of acceptance and rejection of 
conditions of test. 

Permissible Variations for Condition of 

Test Specimens 

13. The physical condition of the 
specimen at the time of test should be 
specified in all details which influence 
the characteristics being tested. 

Examples: 

Molded Insulating Materials, Physical Tests. 
— AH specimens shall be conditioned before 
testing by drying in an oven at 50 ± 5 C. (122 
db 2 f<>r 48 hr., followed by cooling to room 
temperature in a desiccator. 

Woven Textile Fabrics, Physical Tests. — 
Standard condition of woven fabrics shall be 
that reached by the fabric when in moisture 
equilibrium with a standard atmosphere having 
a relative humidity of 65 per cent at 70 F. 
(21 C.). A deviation of plus or minus ^ per 
cent is permitted in relative humidity and plus 
or minus 2 F. (1*1 C.) in temperature. 

Sampling and Acceptance Requirements 

14. (a) If it is the intent of the speci- 
fication to provide a definite basis for 
acceptance and rejection with respect to 
the numerical requirements, the sam- 


pling procedure should be outlined in 
detail, including: 

(1) Method of selecting samples, 

(2) Number of tests or analyses, and : 

(J) Acceptance requirements— in- 
cluding (i) conditions to be ■ met by 
results of tests if lot is to be considered 
acceptable, and (ii) conditions for and 
methods of resampling and retesting. 
(b) If there are restrictions as to the 

number of specimens, tests, or readings 
to be permitted in obtaining an average 
for purposes of acceptance and rejection, 
the standard should so state. 

Test Readings 

15. (a) Where it is important in any 
operation of a test or an analysis, the 
specification should indicate how many 
places of figures the tester or analyst 
should read on the scale of measurement. 

Example: 

Measure to the nearest 0.001 in. 

Read to the nearest 10 lb. 

Weigh to the nearest 0.01 g. 

Read to the limit of sensitivity of the 

(J) If the direct reading of a test is 
taken in the same units of measurement 
as designated in the specified limit, and 

if the phrase ‘*to the nearest ” (or 

underlining) is used in designating the 
specified limit, this method of expression 
will indicate to how many places of 
figures it is necessary to read purely for 
purposes of acceptance and rejection. 
The practice of reading and recording 
additional places of figures is recom- 
mended; among other things, this prac- 
tice makes available information that 
may be useful in studies or investigations 
as to variability of material or of testing 
methods. 

Example: 

Specified Limit: Weight 

(to the nearest 0.1 g.) . . . , . . . , .5.0 g., min. 
For purposes of acceptance and rejection, it 
would be necessary to read the scales of the bal- 
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Mice oEiy to the nearest 0.1 g. If, however, it 
were subsequently desirable to review past data 
to study variability, and if the range of variation 
were only say one or two tenths of a gram, the 
amount of information available would be 
meager if values had been recorded only to the 
nearest tenth of a gram, but would be plentiful 
if values had been recorded to the nearest 
hundredth of a gram. 

Calculations 

16. (a) The basis of all percentages 
should be given. 

(b) It is recommended that all calcu- 
lations, such as determinations of tensile 
strength in pounds per square inch, 
corrections for temperatures, etc., should 
carry at least two more places of figures 
than are to be considered significant for 
purposes of acceptance and rejection. 


in., respectively, the calculated values of the 
tensile strength would be as follows: 


5340 

0.10240 


52,148 psi. 


5080 

0,10174 


49,931 psL 


Note that if the recommendation in Para- 
graph (h) had not been followed and if only om 
more place of figures (than are to be considered 
significant for acceptance and rejection) had 
been used, the second calculated value would 
have been 5080/0.1017 =“ 49,951 psi. This 
value would then have been rounded off to 
50,000 and would have been considered accept- 
able, whereas it should have been considered 
r^ectaUe, Using “two more places’^ in calcu- 
lations, in accordance with the practice here 
recommended, usually prevents this type of 
calculation error from affecting the final value 
used for purposes of acceptance and rejection. 


Example ,— specified tensile strength of a 
material is 50,000 psi-, min. (to the nearest 
100 psi.), that is, three places of figures are to 
be considered significant for purposes of ac- 
ceptance and rejection. This recommendation 
calls for carrying out calculations to five places 
of figures. 

If maximum load readings for two test speci- 
mens are 5340 and 5080 lb., and if the calculated 
cross-sectional areas are 0.10240 and 0.10174 sq. 


(i;) Digits that are not to be con- 
sidered in acceptance values should be 
rounded ofi (see Section 4 (5)) after aU 
calculations, including averaging, are 
completed. 

Example , — Calculated values of Section 16 
(6) would be rounded off to give final values of 
52,100 and 49,900 psi., respectively, for purposes 
of acceptance and rejection. 


TENTATIVE DEFINITIONS WITH PROCEDURES RELATING 
• TO CONDITIONING AND WEATHERING* 


9 

A.S.T.M, Designation : E 41 ~ 42 T 

Issued, 1942.® 

These Tentative Definitions have been approved by the sponsoring com- 
mittee and accepted by the Society in accordance with established proce- 
dures, for use pending adoption as standard. Suggestions for revisions 
should be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 


1, These definitions and test pro- 
cedures pertain to the conditioning and 
weathering of materials for test purposes. 
Unless otherwise specified, they are in- 
tended to apply to all cases where com- 
binations of atmospheric influences are 
an essential part of materials testing. 

Definitions 

2. (a) Conditioning,---Tht process of 
subjecting a material to a stipulated 
influence or combination of influences for 
a stipulated period of time. The in- 
fluences may be relative humidity, tem- 
perature, light, pressure, air composition, 
or other factors, used jointly or severally . 

Note 1. — ^In some cases a material is sub- 
jected to a stipulated influence or combination 
of influences until substantial equilibrium is 
reached. Because of the labor involved in 
determining when equilibrium has been reached, 
it is customary to subject the material to the 
stipulated influences for a stipulated period of 
time, the period of time having been deter- 
mined with due regard to the nature of the 


material, the atmospheric influences, and the 
conditioning equipment. 

Note 2. — Conditioning may be used for (a) 
predicting service behavior, (5) obtaining re- 
producible results, (c) testing for acceptance, 
(d) research, and (e) process control; for any 
single objective or combination of objectives. 

Note 3. — It is generally true that only a 
portion of the influences enumerated in the 
above definition are applicable to any given 
material. Hence, in any discussion of condi- 
tioning, the particular influences that are sig- 
nificant must be stated. 

(b) Average Room Conditions. — 40 
per cent relative humidity at a tem- 
perature of 77 F. (25 C.). 

(c) Dry Room Conditions. — IS per cent 
relative humidity at a temperature of 
85 F. (29 C.). 

(d) Moist Room Conditions. — 75 per 
cent relative humidity at a temperature 
of 77 F. (25 C.). 

{e) Absolute Humidity}*^ — ^Concentra- 
tion (density) of water vapor in the 
atmosphere expressed as weight per 
unit volume or weight per unit weight 


i Under the standardization procedure of the Society, * These definitions arc identical with those appearing 

these definitions are under the jurisdiction of the A.S.T.M. in the Standard Method of Determining Relative Humidity 
Co3inmittee E-l on Methods of Testing. (A.S.T.M. Designation: D 337), 194d Book of A.ST.M. 

* Accepted by Committee E40 on Standards, August Standards, Bart III-A. 

.24,: ,1942.: , , * Editorially revised in 1944. , 
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of (i) dry air or (2) water yapor and 
air. : Grams per cubic foot, grains per 
pound, or pounds per pound are com- 
monly used; . 

(/) Relative Ei^mrf%.^‘^~Ratio of 
actual pressure of existing water vapor 
to maximum possible pressure of water 
vapor in the atmosphere at the same 
temperature, expressed as a percentage. 

(g) Dew Temperature at 

which condensations of moisture would 
occur if the existing atmosphere were 
cooled without change in vapor pressure. 

(K) Vapor Pressure } — Component of 
atmospheric pressure caused by presence 
of water vapor, usually expressed in 
inches of mercury. 

(f) Dry Bulb Temperature} — Temper- 
ature of the air as indicated by a stand- 
ard thermometer. 

(j) Wet Bulb Temperature}— Fonpm- 
poses of this method, temperature indi- 
cated by the wet bulb thermometer of a 
standard sling psychrometer or its 
equivalent. Theoretically, temperature 
at which the atmosphere would become 
saturated by evaporation of water with- 
out loss or gain in total heat content of 
the air and vapor._ 

(k) Hygrometer}— Any properly cali- 
brated instrument which indicates di- 
rectly or indirectly the humidity of the 
air. 

(l) Absorption Hygrometer}— Any one 
of several types of hygrometers con- 
taining a hygroscopic substance the 
length, thickness, or weight of which is 
a measurable index of the humidity of 
the atmosphere. Usually such devices 
are graduated directly either in relative 
humidity or in regain of stock in pro- 
cess, and are continuously indicating. 

Wei and Dry Bulb Hygrometer or 
P sychfomekr A— Contoim two matched 
thermometers, one plain and one having 
a wet bulb covering as hereinafter speci- 
fied — for simultaneously indicating the 


dry and wet bulb temperatures. 

atmosphere. 

in) Recording Hygrometer or Psy- 
ckrometer } — ^Any approved t 3 pe of hy- 
grometer or psychrometer equipped with 
automatic clocking and recording device 
capable of making a continuous time - 
relative humidity autograph, or time - 
wet and dry bulb temperature auto- 
graph. 

(o) Sling Psychrometer}— A psy- 
chrometer containing matched dry and 
wet bulb thermometers suitably mounted 
for swinging through the atmosphere for 
simultaneously indicating dry and wet 
bulb temperatures. The thermometers 
shall be so mounted as to act independ- 
ently and to face the air current during 
swinging. 

Relative Humidity Determinatioii 

3. {a) Relative humidity shall be 
determined in accordance with the 
Standard Method of Determining Rela- 
tive Humidity (A.S.T.M. Designation: 
D 337) of the American Society for 
Testing Materials/ 

(6) For determining relative humidity 
from psychrometric observations within 
the normal temperature range 0 to 1 12 F. 
( — 20 to +45 C.), reference may for 
convenience be made to the Psychromet- 
ric Table for Relative Humidity/ 

Room Temperature BetermiiiatioE 

4. Whenever the room temperature 
is to be determined in any test method 
the following procedures shall be used: 

ia) Ail air temperatures sliall be 
measured with an A.S.T.M. Gravity 
Thermometer 12F - 39 or 12C 39 

having a range of —5 to +215 F. or 
— 20 to +102 C., as specified, and 
conforming to the requirements of the 


6 1946 Book oi A.S.T.M . Standards, Part'III-A.. 

* Proceedings t Am. Soc. Testing Mats., Vol. 31, Pa.rt I, 
p. 567 (1931) j also in "‘A.S.T.M. Standards on TeaEtde 
Materials,” October, 1946. p. 416^ available as a separate 

publication. 
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Standard Specifications for A.S.T.M. 
Thermometers (A.S.T.M* Designation: 
E l) of the American Society for Testing 
MaterialsJ 

(J) All air temperature (room tem- 
perature) me^asurements shall be made 
with the thermometer located within 2 
ft. in a horizontal direction of the point 
at which the test is actually being made. 
In case the test involves any heat or 
heating apparatus, the thermometer 

^ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


WeatbjBMNG (E 41 - 42 T) 

shall be shielded from direct radiation 
as well as convection currents. 

Standard Laboratory Atmosphere 
5. Whenever the materials to be 
tested are known to be sensitive to vari- 
ations in temperature or moisture, or 
both, the tests shall be conducted in a 
room or chamber of controlled humidity 
and temperature. Unless otherwise 
specified, the tests shall be made in the 
standard laboratory atmosphere having a 
relative humidity of 50 ± 2 per cent at a 
temperature of 77 zb 2 F. (25 zb 1,1 C.). 



TENTATIVE REVISIONS 
OF 

A.S.T.M, STANDARDS ON NONMETALLIC 
MATERIALS— ELECTRICAL INSULATION, 
PLASTICS, RUBBER, PAPER, 
SHIPPING CONTAINERS, ADHESIVES 


As of ’December^ ig 46 

(For change in status of any of these tentative revisions, see supplementary publications to be 

issued in 1947 and 1948.) 



Tentative revisions of A.S.T.M. Standards are printed 
for one or more years with a view of eliciting critcisms, of 
which the committee concerned will take due cognizance 
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Standards. It is important that these Supplements be con- 
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TENTATIVE : REVISIONS OF A.S.T.M. ' STANDARDS , RELATING: TO 
NONMETALLIC MATERIALS—ELECTRICAL INSULATION, PLASTIGS, ■ 
: . RUBBER, PAPER, SHIPPING CONTAINERS, ADHESIVES: ■ 

As of December^ 1946 


Standard Methods of Testing Laminated 
Round Rods ' Used in Electrical In- 
sulation (D 349 - 46) 

Section 4 , — Change this section to 
read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 

4. The test specimens shall be about 12 in, 
in length. When the diameter of the rod is i in. 
or over, a groove [1 in. in width] 2.2S in. in 
length, and -gV in. in depth -with corners rounded 
to a radius of 3 in. shall be machined around the 
rod at the center. 

Tentative revision^ submitted June, 1944, 

Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical 
Insulation (D229- 46):‘^ 

Sections 10 to 13 . — In place of the test 
for flexural strength described in these 
sections substitute the following: 

Flexural Strength 

For Materials gV or Over in Thickness (Note) 

10. (a) Except for definitions of cutting direc- 
tions of specimens as specified in Section 2 and 
for conditioning as specified in Section 3, the 
flexural strength properties including modulus 
of rupture and modulus of elasticity in vending 
shall be determined in accordance with the 
Tentative Method of Flexural Test of Plastics 
(AIS.T.M. Designation; D 790).® 

(b) Five specimens cut lengthwise and five 
specimens cut crosswise of the sheet shall be 
tested for flatwise test. Where edgewise tests 
are desired, five specimens shall also be cut 
lengthwise and five crosswise of the sheet. 

Note. — Conventional flexural tests in a flat- 
wise direction are not recommended for mate- 
rials thinner than in. nor in an edgewise direc- 
tion for materials thinner than in. It should 
also be noted for the thin sections, loads required 


1 See p. 31. 

2 See p. 36. 

3 See p. 858. 


are so small that special low load testing ma- 
chines may be required to maintain the limits of 
accuracy specified. 

Teniaiive r elision, submitted December, 1944. 

Sections 39 to 42 . — Replace the test for 
Rockwell hardness in these sections by 
the foUowing: 

39. Rockwell hardness of all sheet and plate 
insulating materials shall be determined in ac- 
cordance with the Tentative Method of Test 
for Rockwell Hardness of Plastics and Electri- 
cal Insulating Materials (A.S.T.M. Designation: 
D 785).4 

Tentative revision, submitted June, 1944. 

Standard Methods of Testing Laminated 

Tubes Used in Electrical Insulation 

(D 348- 46):^ 

Sections 3 and 4 . — Renumber as Sec- 
tions 4 and 5, and revise the description 
of the apparatus and test specimen for 
the tension test to read as follows: 

4. Apparatus . — Any universal testing ma- 
chine may be used provided it is accurate to 1 
per cent of the lowest load to be applied. Jaws 
which tighten under load, such as wedge-grip 
jaws, shall be used with the specimen properly 
aligned. 



Fig. 1. — Assembly for Tension Test of Tubes 


4 See p. 868. 

5 Seep, 52. 
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5. Test Specimens, — lengtli of the test 
spedmeES shall be 10 in. plus 4 times the inside 
diameter of the tube. When the wall thidoiess 
of the tubing is i in. or over, a groove 2| in. in 
length in the fiat portion and A depth shall 
be machined around the tube at the center with 
corners rounded to a radius of 3 in. Steel or 
brass plugs, whose length is 2 in. plus twice the 
diameter, and which conform to Fig. 1 shall be 
used to plug the ends of the specimen to prevent 
crushing. The plugs shall fit the spedmen 
within 0.010 in. They may be located conven- 
iently in the tube by separating and supporting 
them on a metal rod the lower end of which is 
screwed into the lower plug and the upper end 
of which rests in a loose socket as shown. 

Tentative revision^ submitted June^ 1944. 

Standard Methods of Testing Flexible 

Varnished Tubing Used for Electrical 

Insulation (D 350 - 45) 

Title , — Change the term ‘S^arnished 
tubing” to read “treated sleeving” in the 
title and wherever it occurs throughout 
the text of these methods. 

Section I , — Delete the words “and 
saturated sleeving.” 

Tentative revision, submitted December, 1944. 

Note . — Change the note under Section 
1 from its present form: namely, 

Note. — The term “varnished tubing” as 
used in these methods refers to braided cotton 
sleeving coated, or impregnated and coated, 
with varnish, lacquer, or a combination of lac- 
quer and varnish, or similar coatings. The term 
“saturated sleeving” refers to braided cotton 
sleeving impregnated with varnish but the 
coating need not be continuous as it is for var- 
nished tubing. 

to read as follows: 

Note.-— The term “treated sleeving” as used 
in these methods refers to cotton, fiberglass, or 
rayon braided sleeving impregnated, coated, or 
impregnated and coated with an oil varnish, 
lacquer or a combination of lacquer and oil 
varnish. 

Tentative femsio7i, submitted December ^ 1944. 

Table I.— Delete from Table I the 
requirements for size No. 19 and add a 
new size No. 24 with the following re- 
quirements as to inside diameter: 0.027 


in. max., 0.020 in. min., , 0,022 :in. 
nominal. 

Insert in the table the following nomi- 
nal inside diameters for the sizes indi- 
cated: 


Size 

Inside Diameter, in. 
Nominal 

1 

1.018 ■ 

7/8.. 

0..893.:... 

5 / 8 ....... 

... 0,640 

1/2 

0.512 

7 / 16 . 

0.450 

3/8 

0.387 

3 / 4 .. 

0.768 


Tentative revision, submitted December, 1944. 

Section iJ.— Under aging test add the 
following as a new Section, renumbering 
the remaining sections accordingly: “13. 
This test shall be applicable to treated 
sleeving as defined in Section 1, except 
that it shall not apply to fiber glass.” 

Tentative revision, submitted December, 1944. 

Section 14. {a ). — In the fourth line of 
the table for diameter of test rod, change 
“Nos. 6 to 11, incl.” to read “No. 6 and 
smaller.” Delete the last line which 
reads “No. 12 and smaller 

Tentative revision, submitted December, 1944. 

Standard Methods of Testing Electrical 
Insulating Oils (D 117- 43):^ 

The Tentative Methods of Testing 
Electrical Insulating Oils (D 117 - 46 T)^ 
are intended to replace, when adopted, 
the present Standard Methods D 117 - 
43. ; 

Tentative revision, submitted November, 1946. 

Standard Specifications for A.S.T.M. 
Thermometers (E 1- 46) :® 

The Tentative Specifications for A.S. 
T.M. Thermometers (E 1 - 46 T)^® are 
intended to be added, when adopted, 
to the present Standard Specifications 
E l -46. 

Tentative revision, submitted December, 1946. 

? See p. 65. 

8 Seep. 600. 

» r» ACA' ■ ' 
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A Acetyl, Test for in, 


Abrasion Test. 

Plastics, Test for Mar Resistance, '209. 

Rubber Compounds, 282. 

Absorption Test, 

Asphalt Composition Battery Containers 
(acid absorption), 1183. 

IMolded Materials for Electrical Insulation, 
527. 

Paper, Untreated, for Electrical Insulation, 
685. 

Papers, Bibulous, Absorption of Water and 
Writing Ink by, 1221. 

Plastics, 234. 

Porcelain, Electrical, 92. 

Rods, Laminated, for Electrical Insulation, 
31. 

Roofing and Flooring Felt, Test for Kerosine 
Number by Vacuum Method, 406. 

Rubber Insulated Wire and Cable, 1155. 

Rubber Products, Cellular, 1191. 

Sheet and Plate Materials for Electrical 
Insulation, 36. 

Sheets, Phenolic Laminated, Product Uni- 
formity of, 26. 

Tubes, Laminated for Electrical Insulation, 
52. 

Wire and Cable, Insulated: Heat-Resisting 
Rubber Compound, 346. 

Wire and Cable, Insulated: Performance 
Rubber Compound, 352. 


Cellulose Acetate Butyrate, 807. 

Acid Absorption Test. 

Battery Containers, Asphalt Composition, 
1183. 

Acid Resistance Test. 

Adhesive Bonds, 1208. 

Plastics, 194. 

Acidity. 

See neutralization Test. 

Adhesion Test. 

See also Bonding Strength Test. 

Adhesives, Peel or Stripping Strength of, 
1213. 

Fire Hose, Cotton Rubber-Lined, for Public 
and Private Fire Department Use, 320. 
Friction Tape for Electrical Purposes, 1078. 
Paper and Vulcanized Fibre, Ply Adhesion 

of, 1234. 

Paper Tape, Gummed, 1223. 

Plastic Sheets, Estimating Blocking of, 814. 
Rubber, 

Adhesives, 1199. 

Belting, 324. 

Fabrics, Rubber-Coated, 1087. 

Hose, 1057. 

Insulating Tape, 1083. 

Vulcanized, 271. 

Vulcanized, Adhesion to Metal, 2/7. 
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Adhesives. ' 

Chemical Reagents, Resistance of Adhesive 
Bonds to, 1208. 

Peel or Stripping Strength, Test for, 1213. 
Permanence of, Determining the Effect of 
Artificial (Carbon- Arc Type) and Natural 
Light on, Recommended Practice for, 

Rubber Cement, Viscosity and Total Solids 
Content, Tests for, 358. 

Rubber, Testing of, 1199. 

Tensile Properties, Test for, 1217. 

Aeronautical Rubber. 

See Rubber Products. 

Aging Test. 

Adhesives, Determining Effect of Artificial 
(Carbon-Arc Type) and Natural Light 
on the Permanence of, Recommended 
Practice for, 1210. 

Paper, Effect of Heating on the Folding 
Endurance of, 398. 

Paper, Untreated, for Electrical Insulation, 
685. 

Rubber, 

Calibrating a Light Source for Accelerating 
the Deterioration of, Method of, 983, 
Cups, Natural, for Use in Hydraulic 
Actuating Cylinders, 1046. 

Hose, Automotive Air Brake and Vacuum 
Bralce, 1067. 

Insulated Wire and Cable, 1155. 

Light Aging, Accelerated, Test for Resist- 
ance to, 980. 

Vulcanized, Air Pressure Heat Test, 
263. 

Vulcanized Natural or Synthetic, Heat 
Aging of by Test Tube Method, 977. 
Vulcanized, Oven Method, 259. 
Vulcanized, Oxygen-Pressure Method, 254. 
Tubing, Flexible Varnished, Used for Electri- 
^ cal Insulation, 61. Tentative Revision, 
1326. 

Tubing, Nonrigid Polyvinyl, 583. 

Air Permeability Test, 

See Air Resistance Test; Hydrogen Perme- 
ability Test. 

Air Pressure Heat Test. 


Air Resistance Test. _ ^ 

See also HydrogeH' Permeability Test. 

Paper, 1242. 

Paper, Untreated, Used in Electrical Insula- 
tion, 685, 

Alkali Staining Test. 

Paper, 367. 

Alkalinity. 

See Neutralization Test. 

Allyl Plastics. 

See Plastics. 

Amino Resins. 

See Plastics. 

Ammonia in Phenolic Plastics. 

, Method of Test for, 812. 

Apparatus. 

(Standard test methods which include require- 
ments for testing apparatus are indexed 
under the names of the apparatus or the 
appropriate test methods.) 

Carbon Arc Accelerated Weathering Unit, 
Recommended Practice for Characteristics 
of, 1308. 

Low-temperature cabinets, Recommended 
Practice for Conditioning of Rubber and 
Plastic Materials for Low-Temperature 
Testing, 1029. 

Sieves for Testing Purposes, Spec, for, 47 1. 

Thermometers, Spec, for, 454, 1281. 

Verification of Testing Machines, 478. 

Arc-Formed Gas Test. 

See also Gas Content Test. 

Askarels, 606. 

Arc Resistance Test. 

Solid Electrical Insulation, 121. 

Asbestos. 

Cloth, Woven, Spec, for— see Part III- A, 
Book of A.S.T.M. Standards, p. 1129. 

Cloth, Woven, Testing of— see Part III- A, 
Book of A.S.T.M. Standards, p. 547. 

Packing, Compressed Sheet, Testing of, 
363, 

Roving for Electrical Purposes, Spec, and 
Tests fGr,:'162.;'" 


See Aging Test. 
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Tape, for Electrical Purposes, Spec, and 

, Tests for,. 167. . 

Tubular Sleeving and Braids, Tests and Toler- 
ances for— see Part III-A, Book of A.S.T.M, 
Standards, 618. 

Tubular Sleeving, Testing of, 173. 

Yarns, Spec, and Tests for, 158. 

Ash, Test for in, 

Pa[)tT and Paper Products, 369, 

Rubber Products, 939. 

Sheet and Plate Materials Used in Electrical 
Insulation, 36. 

Askarels. 

Testing of, 606. 

Asphalt. 

Battery Containers, Asphalt Composition, 
Testing of, 1183. 

Automotive Hose, 

See Rubber Products. 

Automotive Rubber. 

See Rubber Products. 

B 

Basis Weight. 

Paper and Paper Products, Test for, 371. 

Battery Containers. 

See also Rubber Products. 

Asphalt Composition Battery Containers, 
Testing of, 1183, 

Beading Test. 

Rubber Belting, 324. 

Belting. 

Adhesion of Vulcanized Rubber, Test for^ 

■' 271.,.,., 

Rubber, Flat, Testing of, 324. 

Rubber Products, Dynamic Testing for Ply 
Separation and Cracking, 302. 

Rubber Products, Methods of Sample Prepara- 
. tion for Physical Testing, 242. 

Bend , Testing. ■ 

See also Flexure Test. 

Cups, Natural Rubber, for Use in Hj'draulic 
Actuating Cylinders, 1046. 


Elastomers, Natural and Synthetic, at Normal 
and Subnormal Temperatures, 313. 

Hose, Automotive Air And Vacuum Brake, 

1067. \ 

Insulated Wire and Cable, 

Class AO, 30 Per Cent Hevea Rubber 
Compound, 1103. 

Polyvinyl Insulating Compound, 1136. 
Rubber Insulated, 1155. 

Molding Compound, Nylon Injection, 797. 
Packing, Asbestos Sheet, 363. 

Blocking Test. 

Plastic Sheets, 814. 

Bomb Test. 

See also Aging Test. 

Transformer Oil, Mineral, Test for Sludge 
Formation, 628. 

Bonding Range Test. 

Rubber Adhesives, Testing of, 1199 
Bonding Strength Test. 

Sheet and Plate Materials Used in Electrical 
Insulation, 36. 

Boxes. 

See Containers. 

Braid. 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, Spec, 
for, 1103. 

Brake Cups. 

Natural Rubber, for Use in Hydraulic 
Actuating Cylinders, Spec, for, 1046. 

Brake Hose. 

See Rubber Products. 

Breaking Strength Test. 

See Compression Testing; Tension Test- 
ing. 

Brittleness Test. 

Plastics and Elastomers, Brittle Temperature 

of, 817. 

Polyvinyl Tubing, Nonrigid, 583, 

Rubber Adhesives, 1199. 

Rubber and Plastic Materials, Conditioning 
V, of, for Low-Temperature Testing, 1029.; ' , 
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Brittleness Test {Continued) . 

Rubber and Rubber-Like Materials, Low- 
Temperature Brittleness, 1026. 

Solid Filling and Treating Compounds for 
Electrical Insulation, 106. 

Bulge; Test. , , 

Asplialt Composition Battery Containers’ 
11S3.::' 

Bulk ' Factor , Test. , 

See also Volume Change Test. 

Molding Powders for Molded Electrical 
Insulators, 6. 

Bulking Thickness Test. 

Paper, 440. 

Bursting Strength. 

See Hydrostatic Pressure Test; Puncture 
Test; Tension Testing. 

Button Lac. 

See Shellac. 

Butyryl, Test for in. 

Cellulose Acetate Butyrate, 807. 

c 

Cable. 

Compounds, Solid Filling and Treating for 
Electrical Insulation, Testing of, 106. 

Insulated Wire and Cable, 

Class AO, 30 per cent Hevea Rubber Com- 
pound, Spec, for, 1103. 

GR-M Polychloroprene Sheath Com- 
pound, Spec, for, 1145. 

GR-M Polychloroprene Sheath Com- 
pound, Where Extreme Abrasion Re- 
sistance Is Not Required, Spec, for, 
\1148. ■ 

GR-S Synthetic Rubber Sheath Compound, 
Spec, for, 1151. 

GR-S Synthetic Rubber Sheath Compound 
Where Extreme Abrasion Resistance Is 
Not Required, Spec, for, 1 lv53. 
Heat-Resisting Rubber Compound, Spec, 
for, 346. 

Heat-Resisting Syntlietic Rubber Com- 
pound, Spec, for, 1120. 


Ozone-Resistant Type Insulation, ■' Spec, 
for, 1124.;;;.:,: 

Performance: ■ Rubber Compound, , Spec.' 
■for, 352/'' 

Performance Synthetic Rubber Compound, 
Spec, for, 1132, 

Polyvinyl Insulating Compound, Spec, for, 
1136. 

Rubber Sheath Compound, Spec, for, 1143. 
Rubber, Testing of, 1155. 

Tape, 

Cloth, Black Bias-Cut, Varnished, for 
Electrical Insulation, Spec, for, 499. 
Friction, for Electrical Purposes, Spec, for, 
1078. 

Rubber Insulating, Spec, for, 1083. 

Calibration of Apparatus. 

Adhesiveness of Gummed Tape, Test for, 
1223. 

Asphalt Composition Battery Containers, 
Testing of, 1183. 

Basis Weight of Paper and Paper Products, 
Test for, 371. 

Bulking Thickness of Paper, Test for, 440. 
Bursting Strength of Paper, Test for, 374. 
Conditioning Paper and Paper Products for 
Testing, 386. 

Deformation of Plastics Under Load, Tests 
for, 833. 

Flexural Stress (Fatigue), Repeated, of 
Plastics, Test for, 849. 

Folding Endurance of Paper, Tests for, 393. 
Gas Content of Insulating Oils, Tests for, 
621. 

Hard Rubber Products, Testing of, 1175. 
Hose, Automotive Hydraulic Brake, Testing 
of, 1072. 

Incline Impact Test for Shipping Containers, 
1271. 

Indentation of Rubber by Means of the 
Durometer, Test for, 994, 

Internal Tearing Resistance of Paper, Test 
for, 436. 

Light Source for Accelerating the Deteriora- 
tion of Rubber, 983. 

MacMichael Viscosimeter, Testing Varnishes 
Used for Electrical Insulation, 512. 

Mica, Natural Block and Films, for Use in 
Fixed Mica-Dielectric Capacitors, Spec, 
for, 705. 

Ply Adhesion of Paper and Vulcanized Fibre, 
Tests for, 1234, 
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Puncture and , .Stiffness of /Paperboard, Gor- 
, ragated, and Solid Fiberboard, Test for, 

' ' 1238. . 

■Resistance of Paper to Passage of Air, Test 
/Vfor,'. 1242.:",; 

Rubber-Coated Fabrics, Testing of, 1087, 
Sieves for Testing Purposes, 47L' 

Solid Filling .and Treating Compounds for 
■ . ' Electrical Insulation, Testing of, 106. 
Tear Resistance of Vulcanized Rubber, Test 
, for, 290. ' 

Tensile Breaking Strength of Paper and Paper 
Products, Test for, 1245, 

Tension Testing of Vulcanized Rubber, 247, 
Thickness of Paper and Paper Products, 
Tests for, 442. 

Thickness of Solid Electrical Insulation, 
Tests for, 47. 

Verification of Testing Machines, 478. 
Capacitors. 

Mica, Natural Block, and Mica Films for 
Fixed Mica-Dielectric Capacitors, Spec, 
for, 705. 

Carbon Arc W eathering Unit. 

Accelerated Weathering Unit, Recommended 
Practice for Characteristics of, 1308. 

Casein. 

Coating on Mineral-Coated Paper, Quantita- 
tive Determination of, 384. 

Paper, Test for Casein in, 377. 

Cellular Rubber Products. 

Specifications for, 1168. 

Testing of, 1191. 

Cellulose Acetate. ■ 

' See Plastics. ^ 

Cellulose Nitrate Plastics. ■ ^ 

See Plastics. 

Cement, Rubber. 

See also Adhesives. 

Rubber Adhesives, Testing of, 1199. 
Rubber Cement, Viscosity and Total Solids 
Content, Tests for, 358. 

Ceramic Insulation. 

See Glass Insulators'; Glass Textile; 
Porcelain, Electrical; Steatite. 


Charpy Impact Test. 

See Impact Test. 

Chemical Analysis. 

(Methods of chemical analysis are indexed 
under the materials and subjects co\ered 
by them.) 

Chemical Reagents, Resistance to. 

See also Acid Resistance Test. 

Adhesive Bonds, Test for, 1208. 

Plastics, Test for, 194. 

Chlorides in Insulating Liquids. 

Askarels, Testing of, 606. 

Method of Test for, 616. 

Chloroprene Compounds. 

See Rubber Products. 

Classifications. 

(Classifications are indexed under the ma- 
terials and subjects covered by them.) 

See also Definitions. 

Coated Fabrics. 

Cotton Goods for Rubber and Pyroxylin 
Coating, Test for, 341. 

Rubber-Coated Fabrics, Hydrogen Permea- 
bility of, Test for, 1099. 

Rubber-Coated Fabrics, Testing of, 1087. 

Coefiicient of Expansion. 

See also Expansion Test. 

Cubical Thermal E^ansion of Plastics, 
Test for, 867. 

TinftflT Thermal Expansion of Plastics, Test 
for, 230. 

Color Test. 

Askarels, 606. 

Electrical Insulating Oils, 6(K). 

Paper,; Degree of Staining by Alkali, 367. 

Plastic Materials, ' Test for Luminous Re-, 
flectance and Transmission Characteristics 
and Color of, 875. 

Spectral Characteristics and Color of Objects 
and Materials, 220* 

Coiorfastness 'Test. 

Plastics to Light, ,821, 
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Conditioning* 


Colorimetric Test for. 

Ammonia in Phenol-F ormaldehyde Molded 
, Materials,- 812. ' 

CompataMlity, Test*. 

;■ Glass Yarn- With Insulating Varnish,- 122. 
Compression Testing. 

Asbestos Sheet Packing, 363, 

Boxes, Corrugated and Solid Fiber, 1261. 
Brake Hose, Automotive Air and Vacuum, 
1067, 

Definitions Relating to Methods of Testing, 
487, ;■ 

Electrical Insulating Materials, 

Laminated Rods, 31. 

Laminated Tubes, 52, 

Methods of, 53S. 

Mica, Pasted, 150. 

Molded Materials, 527. 

Sheet and Plate Materials,, 36. 

Steatite, 104. 

• Plastics, 

Compressive Properties at Subnormal and 
Supernormal Temperatures, 916. 
Deformation Under Load, 833. 

Method of, 824. 

Porcelain, Electrical, 92. 

Rubber Products, Cellular, 1191, 

Rubber, Vulcanized, 

Compression - Deflection Characteristics, 
299. 

Compression Fatigue, 1003. 

Compression Set, 997. 

Shipping Containers, 1261. 

Verification of Testing Machines, 478. 

Compressive Strength. ' ' 

See Compression Testing. 

Condenser Paper. , 

Ash Content of Paper and Paper Products, 

. "Test 'for, .'369.,', 

Folding Endurance, Tests for, 393. 

Internal Tearing Resistance, Test for, 436. 
Moisture in Paper, Paperboard, and Paper- 
board and Fiberboard Containers, Test 
for, 410. 

Sampling and Testing of Untreated Paper 
Used in Electrical Insulation, Methods of, 
685. 

Thickness of Solid Electricai Insulation, Tests 
for, 47. 


Adhesives, Test for Peel or Stripping Strength 
of, 1213. 

Adhesives, Test for Tensile Properties, 1217. 
Containers, Drum Test in Small Revolving 
Hexagonal ,Drum Box-Testing Machine, 
1277. '■ 

Definitions of Terms with Procedures Relating 

,v-,-to,"1318.':"-;.' 

Electrical , Insulating Materials, 

Cloths and Cloth Tapes, Varnished, Test- 
ing of, .517. 

Enclosures for Small Testing Machines 
for Tests at Subnormal and Supernormal 
Temperatures, 730. 

Glass Fabrics and Glass Fabric Tapes, 
Varnished, Testing of, 7 24. 

Methods of Conditioning for Testing, 

: -540. 

'Molded Materials, 527. 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures, 731. 

Sheet and Plate Insulating Materials, 
Laminated, Test for Power Factor and 
Dielectric Constant Parallel with Lamina- 
tions, 682. 

Sheet and Plate Materials, 36. 

Tubes, Rigid, Test for Measuring, 57, 
Humidity, Relative, Method of Determination 
, of— see , Part III-A, , Book ; of A.S.T.M. • 
Standards, p. 489. 

Paper and Paper Products for Testing, 386. 
Paperboard, Fiberboard, and Paperboard 
Containers for Testing, 389. 

Plastics, 

Compressive Strength Test, 824. 
Deformation Under Load, Test for, 833. 
Enclosures for Small Testing Machines 
for Tests at Subnormal and Supernormal 
Temperatures, 730. 

Long-Time. Tension, Tests, 919, , 
Low-Temperature Testing, 1029. 

Methods of Conditioning for Testing, 540. 
Repeated Flexural Stress (Fatigue) , 849. 
Sheets, Estimating Blocking of, 814. 
Tensile Properties, Test for, 899. 
Thermoplastic Molding Materials, Test for 
Measuring Flow Properties of, 863. 
Rubber-Coated Fabrics, 1087. 

Rubber for Low-Temperature Testing, 1029, 
Shipping Containers, Incline-Impact Test for, 
1271. 
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Conducting Paths. • 

Paper, Untreated, for Electrical Insulation, , 
Tests for, 685. 

Slate, Electrical, Tests for, 131. 

Conductivity, Electrical. 

See Resistivity Test, Electrical. 

Consistency Test. 

See also Flow Test; Plasticity; Viscosity 

Test. ^ 

Definitions Relating to Rheological Prop- 

erties, 494. . ' C 

Hard Rubber Products, 1175. 

Containers. 

Compression Testing of Shipping Containers, ^ 
1261. 

Conditioning Paperboard, Fiberboard, and 
Paperboard Containers for Testing, 389. 
Drop Test for Shipping Containers, 1266. 
Drum Test for Containers in Small Revolving 
' Plexagonal Drum Box-Testing Machine, 

1277. . ^ . 

Incline-Impact Test for Shipping Containers, < 

1271. ' ^ r- 

Puncture and Stiffness of Paperboard, Cor- 
rugated and Solid Fiberboard, Test for, 
1238. 

Copper Corrosion Test. 

See Discoloration of Copper Test. 

Cords, Electrical. 

See Cable. 

Corrosion Test. 

Asbestos Sheet Packing, 363. 

Corrugated Board. 

See Paper. 

Cotton Products. 

Fire Hose, Cotton, Rubber-Lined, Spec, for, 

■ Goods for Rubber and Pyroxylin Coating, 
Snec. and Tests for, 341. 

Insulated Wire and Cable; Class AO, 30 per 
cent Hevea Rubber Compound, Spec, tor, 

Limhiated Thermosetting Materials, Spec. 

for, 554. 


■ Sheet, Phenolic Laminated, for Radio Appli- 

cations, Spec, for, 572. 

■ Sleeving, Flexible, Treated, Used in Electrical 

Insulation, Spec, for, 496. 

Tape, 

0.007-in,,.,for Electrical Purposes, Spec, and 
Tests for, 171. 

Friction, for Electrical Purposes, Spec, for, 

^ 1078, 

Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation, 
Testing of, 517. 

Woven, Tests and Tolerances for, 182. 

Creep Test. 

See also Temperature, Effect of. 

Long-Time Tension Tests of Plastics, 919. 

Crystallization. 

Conditioning of Rubber and Plastic Materials 
for Low-Temperature Testing, Recom- 
mended Practice for, 1029. 

Young’s Modulus in Flexure of Natural and 
Synthetic Elastomers at Normal and Sub- 
normal Temperatures, Test for, 313. 

Cure of Rubber. 

Vulcanized Rubber, Test for Physical State 
of Cure, (T-50 Test), 986. 

Curl Test. 

Wet Curl Test of Paper, 1259. 

Wire and Felt Sides of Paper, 452. 


Definitions. 

Adhesives, Test for Tensile Properties of, 
1217. 

Conditioning and Weathering, 1318. 
Elastomers, Synthetic, Methods of Identifica- 
tion and Quantitative Analysis of, 969. 
Electrical Insulating Materials, Tests for 
Insulation Resistance of, 135, 

Electrical Insulating Oils, Testing of, 600. ^ 
Insulators, Low' and Medium Voltage Pin- 
Type Lime-Glass, Spec, for, 636. 
Methods of Testing, 487. 

, Plastics, 

"Compressive Strength,,. Test for, 824. 
Descriptive Nomenclature of Objects Made 
from Plastics, 237, 

..Repeated Flexural Stress,, (Fatigue), Test 
for, 849. 
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■ Plastics,. 

Shear Strengtli, -Test for, ,217,/. 

Tensile Properties of Thin Sheets and Films, 

' Test for, 911 • 

Tension Test, Long-Time, 919. 

Tension Testing of, 899. 

Tenns Relating to, 938, 

Rheological Properties of Matter, 494. ♦ 
Rubber Products, Cellular, 1168. 

•Specific Gravity, 492. 

Deformation Under Load Test. 

See Compression Testing; Flow Test; 
Shrinkage Test; Volume Change Test. 

Density Test. 

See also Specific Gravity Test. 

Electrical Insulating Materials, 

Laminated Rods, 31. 

Laminated Tubes, 52, 

Molding Powders for Insulators, 6. 

Paper, Untreated, 685. 

Phenolic Laminated Sheets, Product Uni- 
formity of, 26. 

Porcelain, 92. 

Varnishes, 503. 

Vulcanized Fibre, 594. 

Rubber Products, 939. 

Rubber Products, Cellular, 1191. 

Designation of Numerical Requirements. 

Designation of Numerical Requirements in 
Standards, Recommended Practice for, 
1310. 

Dielectric Strength Test. 

Compounds, Solid Filling and Treating for 
Electrical Insulation, 106. 

Electrical Insulating Materials at Commercial 
Power Frequencies, 124. 

Electrical Insulating Materials, Dielectric 
Constant, 647. 

Glass Insulators, Lime, Pin-Type, 80. 
Gloves, Electrical (Voltage Rating of Gloves, 
3000 Volts), 333. 

Mica,- Natural, 144. 

Mica, Pasted, for Electrical Insulation, 
150. 

Molded Insulating Materials for Electrical 
Insulation, 527. 

Molding Compounds, Phenolic, 733. 

Oil, Insulating, of Petroleum Origin, 617. 


Oils, Electrical Insulating, 65, 600. 

Paper, Untreated, for Electrical Insulation, 
685. 

Porcelain, Electrical, 92. 

Rods, Laminated Round, for Electrical 
Insulation, 31. 

Rubber Matting for Circuits Not Exceeding 
3000 Volts to Ground, 339. 

Sheets, 

and Plate Insulating Materials, Laminated, 
Test Parallel with Laminations, 682. 
and Plate Materials for Electrical Insula- 
tion, 36. 

Phenolic Laminated, for Radio Applications, 
572. 

Phenolic Laminated, Test for Product 
Uniformity of, 26. 

Tape, 

Friction, for Electrical Purposes, 1078. 
Rubber Insulating, 1083. 

Varnished Cloth, for Electrical Insulation, 
517. 

Varnished Glass Fabric, for Electrical 
Insulation, 724. 

Tubing, 

Flexible Varnished, in Electrical Insulation 
61. 

Laminated, for Electrical Insulation, 52. 
Nonrigid Polyvinyl, 583. 

Phenolic Laminated, for Radio Applications, 
576. 

Varnished Cloths and Varnished Cloth Tapes 
for Electrical Insulation, 517. 

Varnished Glass Fabrics and Varnished Glass 
Fabric Tapes Used in Electrical Insulation, 
724. 

Varnished Tubing, Flexible, in Electrical 
Insulation, 61. 

Varnishes for Electrical Insulation, 503. 
Diffusion of Light Test. 

Piastics, 197. 

Dilatometer. 

Thermal Expansion, Cubical, of Plastics, 
Test for Coefficient of, 842, 

Thermal Expansion, Linear, of Plastics, Test 
for Coefficient of, 230. 

Dimensional Measurements. 


See also Distortion Under Heat Test; Ex- 
pansion Test; Shrinkage Test; Thick- 
ness Test; Volume Change Test. 
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Brake HosCj Automotive Hydraulic, 1072, 

Friction Tape for General Use lor Electrical 
Purposes, 1078. 

Insulators, Communication and Signal Pin- 
T3^e Lime-Glass, 641. 

Insulators, Low and Medium Voltage Pin- 
Type Lime-Glass, 636, 

Insulators, Pin-Type Lime-Glass, 80. 

Laminated Thermosetting Materials, 554. 

Mica Stampings Used in Electronic Devices 
and Incandescent Lamps, 154. 

Nonrigid Polyvinyl Tubing, 583. 

Migid Rods Used in Electrical Insulation, 
581, 

Rigid Tubes Used in Electrical Insulation, 
57. . . 

Rubber, 

Belting, 324. 

Coated Fabrics, 1087. 

Hose, 1057. 

Varnished Tubing, Flexible, Used for Electri- 
cal Insulation, 61. Tentative Revision, 
1326. 

Discoloration of Copper Test. 

Friction Tape for General Use for Electrical 
Purposes, Spec, for, 1078. 

Distillation Test. 

Ammonia in Phenol-Formaldehyde Molded 
Materials, 812. 

GR-M Polychloroprene Sheath Compound 
for Electrical Insulated Cords and Cables, 
1145. 

Synthetic Elastomers, Identification and 
Quantitative Analysis of, 969. 

Thermometers, Spec, for, 454. 

Distortion Under Heat Test. 

See also Volume Change Test . 

Asphalt Composition Battery Containers, 
1183. 

Cast Aiiyi Plastic Sheets, Rods, Tubes, 
and Shapes, 801. 

Cast Methacrylate Plastic Sheets, Rods, 
Tubes, and Shapes, 187. 

Insulated Wire and Cable: Polyvinyl Insulat- 
ing Compound, 1136. 

Molded Materials for Electrical Insulation, 
527. 

Plastic Sheets,, Flat Transparent, Test for 
Surface Irregularities of, 228. 


Plastics, Test for Heat Distortion Tempera- 
ture, 872. 

Dows-Baumgartner Reflectometer. 

Diffusion of Light by Plastics, Test for, 

197. 

Draining Test. 

Varnishes Used for Electrical Insulation, 

503. 

Drop Test. 

See also Impact Test. 

Shipping Containers, 1266. 

Drum Test. 

Containers in Small Revolving Hexagonal 
Dram Box-Testing Machine, 1277. 

Drying Time Test. 

Varnishes for Electrical Insulation, 503 
Durometer Test. 

Indentation of Rubber, 994, 

E 

Elastic Limit. 

Definitions Relating to Methods of Testing, 
487.' 

Elastomers. 

See Plastics; Rubber Products. 

Electrical Flashover Test. 

See also Dielectric Strength Test. 

Glass Insulators, Lime, Low and Medium 
Voltage Pin-Type, 636. 

Glass Insulators, Lime, Pin-Tvpe, 80. 

Electrical Insulating Materials. 

See also Plastics; Rubber Products. 
Acetone Extraction of Phenolic Molded or 
Laminated Products, Test for, 11. 

Arc . Resistance of Solid Insulating Materials, 
Test for, 121. 

Asbestos, 

Cloth, Woven, Spec, for— see Part HI-A, 
Book of A.S.T.M. Standards, p. 1129. 
Cloth, Woven, Testing of— see Part IH-A, 
Book of A.S.T.M. Standards, p. 547. 
Roving, Spec, and Tests for, 162. 

Tape, Spec, and Tests for, 167. 
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Electrical Insulating Materials (Conlimied). 

Asbestos, 

Tubular Sleeving and Braids, Tests and 
Tolerances for— see Part III-A, Book of 
A.S.T.M* Standards, p. 618. 

Tubular Sleeving, Testing of, 173. 

Yarns, Spec, and Tests for, 158. 
z\skarels, Testing of, 606. 

Chlorides and Sulfates, Inorganic, in Insulat- 
ing Oils, Test for, 616. 

Cloths and Cloth Tapes, Varnished, Testing 
of, 517. 

Compounds, Solid Filling and Treating, 
Testing of, 106. 

Compressive Strength of, Test for, 538. 
Conditioning and Weathering, Definitions 
with Procedures delating to, 1318. 
Conditioning Materials for Testing, Methods 
of, 540. 

Cotton Tape, 0.007-in., Spec, for, 171. 
Dielectric Constant and Power Factor Parallel 
with Laminations of Laminated Sheet and 
Plate, Test for, 682. 

Dielectric Constant and Power Factor, Tests 
for, 647. 

Dielectric Strength at Commercial Power 
Frequencies, Test for, 124. 

Elastomers, Synthetic, Methods of Identi- 
fication and Quantitative, Analysis of, 
969. 

Enclosures for Small Testing Machines for 
Tests at Subnormal and Supernormal 
Temperatures, Spec, for, 730. 

Flammability of Plastics 0.050 in. and Under 
in Thickness, Test for, 204. 

Flammability of Plastics Over 0.050 in. in 
Thickness, Test for, 207. 

Flexible Varnished Tubing, Testing of, 61. 

Tentative Revision, 1326. 

Flexural Strength, Test for, 542. 

Flow Properties of Thermoplastic Molding 
Materials, Test for, 863. 

Flow Temperature of Thermoplastic Molding 
Materials, Method of Designating, 867 
Gas Content of Insulating Oils, Test for, 
621.,". 

Glass Fabrics, Woven, 

Compatibility of Yarn With Insulating 
Varnish, Test for, 722, 

Fabrics and Fabric Tapes, Varnished, Test- 
ing of, 724. 

Tapes, Tests and Tolerances for, 177. 
Tests and Tolerances for, 174. 


Tubular Sleeving and Braids, Tests and 
Tolerances for, 180. 

Glass Insulators, 

Lime-Glass, Pin-Type, for Communication 
and Signal, Spec, for, 641. 

Lime-Glass, Pin-Type, Lowr and Medium 
Voltage, Spec, for, 636. 

Lime-Glass, Pin-Type, Testing of, 80. 
Spool, Testing of, 78. 

Gloves, Electrical (Voltage Rating of Gloves, 
3000 Volts), 333. 

Hardness, Rockwell, Test for, 868. 

Heat Distortion Temperature of Plastics, 
Test for, 872. 

Humidity, Relative, Method of Determination 
of— see Part III-A, Book of A.S.T.M. 
Standards, p). 489. 

Impact Resistance, Test for, 545. 

Insulated Wire and Cable, 

Class AO, 30 per cent Hevea Rubber Com- 
pound, Spec, for, 1103. 

GR-M Poiychloroprene Sheath Compound 
for Electrical Insulated Cords and Cables 
Where Extreme Abrasion Resistance Is 
Not Required, Spec, for, 1148. 

GR-M Poiychloroprene Sheath Com- 
pound, Spec, for, 1145. 

GR-S Synthetic Rubber Sheath Compound 
for Electrical Insulated Cords and Cables 
Where Extreme Abrasion Resistance Is 
Not Required, Spec, for, 1153. 

GR-S Synthetic Rubber Sheath Compound, 
Spec, for, 1151. 

Heat-Resisting Rubber Compound, Spec, 
for, 346. 

Heat-Resisting Synthetic Rubber Com- 
pound, Spec, for, 1120. 

Ozone-Resistant Type Insulation, Spec, 
for, 1124. 

Performance Rubber Compound, Spec, 
for, 352. 

Performance Synthetic Rubber Compound, 
Spec, for, 1132. 

Polyvinyl Insulating Compound, Spec, 
for, 1136. 

Rubber Sheath Compound for Cables, 
Spec, for, 1143. 

Rubber, Testing of, 1155. 

Insulation Resistance, Test for, 135 

Jute Rove and Plied Yarn, Tests and Toler- 
ances for, 718. 

Laminated Thermosetting Materials, Spec, 
for, 554. 
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Mica,; 

Natural Block Mica and Mica Films for 
Fixed Mica-Dielectric Capacitors, Spec. 

; '.ior, 705. ■ ■ ■■ 

Natural, Testing, Grading, and Classifying, 
144. 

Pasted, Testing of, 150. 

Stampings Used in Electronic Devices and 
Incandescent Lamps, Measuring of, 154. 

Molded Materials, Testing of, 527. 

Molded Products, Phenolic, Acetone Extrac- 
tion of, 11. 

Molding Compounds, Vinyl Chloride-Ace- 
tate Resin, Spec, for, 761. 

Molding Compounds, Vinylidene Chloride, 
Spec, for, 764. 

Molding Powders, Testing of, 6. 

Molds for Test Specimens of Molding Ma- 
terials, Spec, for, 804, 

Oils, 

Electrical Insulating, Testing of, 65, 600. 
Insulating, of Petroleum Origin, Test for 
Dielectric Strength of, 617. 

Insulating, Test for Gas Content of, 621, 
Insulating, Test for Inorganic Chlorides and 
Sulfates in, 616. 

Petroleum Products, Test for Saponification 
Number of by Color-Indicator Titration, 
74. 

Transformer Mineral, Test for Sludge 
Formation, 628. 

Paper, 

Ply Adhesion, Test for, 1234. 

Thickness of Paper and Paper Products, 
Test for, 442. 

Untreated, Testing of, 685. 

Phenolic Materials, 

Laminated Sheet for Radio Applications, 
Spec, for, 572. 

Molded or Laminated Products, Test for 
Acetone Extraction of, 11. 

Molding Compounds, Spec, for, 733. 
Molding Specimens of, Recommended 
Practice for, 934. 

Product Uniformity of Laminated Sheets, 
Test for, 26. 

Punching Quality of Laminated Sheets, 
Test for, 14. 

Plastics, 

Ammonia in Phenol-Formaldehyde Molded 
Materials, Test for, 812. 

Cellulose Acetate Butyrate Molding Com- 
pounds, Spec, for, 753, ^ 


Cellulose Acetate Molding Compounds, 
Spec, for, 750. 

. ' Chemical Reagents, Test for Resistance to, 

194. 

Conditioning and Classifying for Condi- 
tioning for Testing, Methods of, 540. 

Deformation Under Load, Tests for, 833. 

Enclosures for Small Testing Machines 
for Tests at Subnormal and Supemorinal 
Temperatures, Spec, for, 730. 

Ethyl Cellulose Molding Compounds, Spec, 
for, 791. 

Flammability, Self-Extinguishing T>pe, 
Test for, 846. 

Hardness, Rockwell, Test for, 868. 

Heat Distortion Temperature, Test for, 872. 

Impact Resistance of Plastics at Subnormal 
and Supernormal Temperatures, Test 
for, 932. 

Melamine-Formaldehyde, Spec, for, 747. 

Nonrigid Ethyl Cellulose, Spec, for, 773. 

Nonrigid Polyvinyl Tubing, Testing of, 583. 

Nonrigid Vinyl Butyral, Spec, for, 783. 

Nonrigid Vinyl Chloride- Acetate Resin, 
Spec, for, 768. 

Nonrigid Vinyl Chloride, Spec, for, 778. 

Nylon Injection Molding Compound, Spec, 
for, 797, 

Polystryrene, Spec, for, 742. 

Servicing Units for Tests at Subnormal 
and Supernormal Temperatures, Spec, 
for, 731. 

Tensile and C^orapressive Properties at 
Subnormal and Supernormal Tempera- 
tures, Test for, 916. 

Thermal Expansion, Cubical, Test for 
Coefficient of, 842. 

Thermal Expansion, Linear, Test for 
Coefficient of, 230. 

Transparent Organic, Test for Index of 
Refraction, 214. 

Urea-Formaldehyde, Spec, for, 191. 

Water Absorfition, Test for, 234. 

Porcelain, Electrical, Testing of, 92. 

Rods, 

Rigid, Methods of Measuring Dimensions 
of, 581. 

Laminated, Tests for, 31. Tentative Re- 
vision, 1325. 

Vulcanized Fibie, Spec, for, 567. 

Vulcanized . Fibre, Testing of, 594. 

Rubber Matting for Circuits Not Exceeding 

3000 Volts to Ground, Spec, for, 339. 
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Electrical ■Insttlatiag Materials {Cmtinmd), 
Rubber Products, Chemical Analysis of, 
Methods of,: 939, . ■ . 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures, Spec, for, 
731. 

Sheets, 

and Plate Materials, Testing of, 36. Tenta- 
tive Revision, 1325. 

Vulcanized Fibre, Spec, for, 567. 
Vulcanized Fibre, Testing of, 594. 
Shellac, Orange, and Other Indian Lacs for 
Electrical Insulation, Spec, for, 495. 
Shellac, Testing of, 1. 

Shrinkage from Mold Dimensions of Molded 
Insulation, Measuring of, 23. 

Slate, Test for Conducting Paths, 131. 
Sleeving, Cotton and Rayon, Treated, Spec, 
for, 496. 

Steatite for Electrical Insulation, Testing of, 
104, 

Tape, 

Asbestos Roving for Electrical Purposes, 
Spec, and Tests for, 162. 

Asbestos, Spec, and tests for, 167. 

Black Bias-Cut Varnished Cloth Tape, 
Spec, for, 499, 

Cotton, 0.007-in., for Electrical Purposes, 
Spec, for, 171. 

Friction, Spec, for, 1078- 
Glass, Woven, Tests and Tolerances for, 
177. 

Rubber Insulating, Spec, for, 1083. 
Varnished Cloth, Testing of, 517. 
Varnished Glass Fabric, Testing of, 724. 
Woven, Tests and Tolerances for, 182. 
Tensile Strength, Test for, 551, 

Thickness of Solid Insulation, Test for, 47. 
Tubing, 

Flexible Varnished, Testing of, 61. Tenta- 
tive Revision, 1326. 

Laminated, Testing of, 52. Tentative 
Revision, 1325. 

Nonrigid Polyvinyl, Testing of, 583. 
Phenolic Laminated, Round, for Radio 
Applications, Spec, for, 576. 

Rigid, Measurmg Dimensions of, 57. 
Vulcanized Fibre, Spec, for, 567. 

Vulcanized Fibre, Testing of, 594. 
Varnishes, description and use of MacMichaei 
viscosimeter for determining viscosity of 
insulating varnishes, 503. 


Varnishes, Testing of, 503. 

Vulcanized Fibre, 

Ply. Adhesion, Test for, 1234 . , 

Sheets, Rods, and Tubes, Spec, for, 567. 
Testing of, 594. 

Electrical Tests. 

See Conducting Paths; ■ Dielectric 
Strength Test; Power Factor Test; 
Resistivity Test, Electrical; Voltage 
Test. 

Electronic Materials. 

Mica Stampings Used in Electronic Devices 
and Incandescent Lamps, Methods of Meas- 
uring, 154. 

Thickness of Solid Electrical Insulation, Tests 
for, 47. 

Elongation Test. 

See Tension Testing. 

Emulsification Test. 

Electrical Insulating Oils, 600. 

Ethyl Cellulose Plastics. 

See Plastics. 

Expanded Rubber. 

See Sponge Rubber. 

Expansion Test. 

See also Volume Change Test, 

Hose, Automotive Hydraulic Brake, 1072. 

Plastics, Coefficient of Cubical Thermal Ex- 
pansion of, 842. ' 

Plastics, Coefficient of Linear Thermal Ex- 
pansion of, 230. 

Sheet and Plate Materials Used in Electrical 
Insulation, 36. 

Solid Filling and Treating Compounds for 
Electrical Insulation, 106. 

Exposure Tests, 

See Colorfastness Test; Weathering. 

Extraction, Methods of, 

(Methods of extraction are indexed under the 
materials and subjects covered by them.) 

Fastness of Color Test. 

See Color fastness Test. 
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fatigue Test* 

Automotive Hydraulic Brake Hose, 1072. 
Elastomers^ Vulcanized. .Synthetic or Rubber, 
Resistance to Crack Growth, 1011.' 
Plastics, Repeated Flexural Stress (Fatigue), 

■ 849. , 

Vulcanized Rubber, Compression Fatigue, 

1003 . : 

Mt..'/ 

Felt Side, of Paper, Test for, 452. 

Roofing and Flooring Felt, Kerosine Number 
by Vacuum Method, Test for, 406. 

flberboard. 

..See Paper. . 
fibre, Vulcauizedb 
See Vulcanized Fiber. 

films. 


Over 0.050 in. in Thickness, 207. 
Polyvin}^ Tubing, Nonrigid, 583. 
Self-Extinguishing Tj-pe, 846. 

Sheet and Plate Materials Used in Electrical 

Insulation, 36. 

Varnished Tubing, Flexible, in Electrical 

Insulation, 61. 

Fish Paper. 

See Vulcanized Fibre. 

Flammability Test. 

See Fire Test. 

Flash Point Test. 

See also Fire Point Test. ^ 

Electrical Insulating Oils, 600. 

Flax (Linen), 

Varnished Cloths and Cloth Tapes Used in 
Electrical Insulation, Testing of, 517. 


Mica, for Fixed Mica-Dielectric Capacitors, 
Spec, for, 705. 

Plastic, Thin, Test for Tensile Properties of, 
911. 


Finch Edge Tear Stirrup. 

Edge Tearing Strength Test of Paper, 1226. 

finch Wet Strength Device. 

Wet Tensile Breaking Strength Test of Paper 
and Paper Products, 1248. 

fineness Test. 

See Sieve Analysis; Particle Size Test, 
fire Hose., 

Cotton Rubber-Lined, Spec, for, 320. 
Rubber Hose, Testing of, 1057. 

Rubber Products, Methods of Chemical 
Analysis of, 939. 

fire' Point Test.' ' ■ ■ 

See also flash Point Test. 

, ' Askarels, Testing of, 606. 


Fire: Test. ' 

Insulated Wire and Cable: Polyvinyl Insulat- 


ing Compound, 1136. 

Insulated Wire and Cable, Rubber, 1155. 
Paper and Paperboard, Treated, 391. 
Plastics, 

0.050 in. and Under in Thickness, 204. 


Flexing Test. 

See also Flexure Test. 

Brittleness, Low-Temperature, of Rubber 
and Rubber-Like Materials, 1026. 
Cellular Rubber Products, 119L 
Crack Growth of Vulcanized Rubber or 
Synthetic Elastomers, Resistance to, 1011 . 
Rubber Products, Dymamic Ply Separation 
and Cracking of, 302. 

Nonrigid Plastics, Stiffness in Flexure of, 
895. 

Sample Preparation for Physical Testing of 
Rubber Products, 242. 

Flexometer. 

Compression Fatigue of Vulcanized Rubber, 
Test for, 1003, 

Flexure Test. 

Elastomers, Natural and Synthetic, Young's 
■ Modulus in Flexure at Normal and Sub- 
normal Temperatures, 313. 

Electrical Insulating Materials, 542. 

Hard Rubber Products, 1175. 

Molded Materials for Electrical Insulation, 
527. 

Phenolic Materials, Methods of Molding 

Specimens of, 934. 

Plastics, 858. 

Plastics, Nonrigid, Stiffness , in Flexure, of, 

895 . 
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Flexure Test {CouHtmed). 

Porcelain, Electrical, 92. 

Rods, Laminated, 31. * 

Rubber and Plastic Materials, Conditioning 
for Low-Temperature Testing, 1029. 
Rubber Products, Sample Preparation for 
Physical Testing of, 242. 

Sheet and Plate Materials for Electrical 
Insulation, 36. Tentative Revision, 1325. 

Flow Test. ■ 

See also Consistency Test; Plasticity; 
Viscosity Test, 

Plastics, Deformation Under Load, 833, 
Rubber Adhesives, 1199. 

Rubber Products, Hard, 1175. 

Shellac for Electrical Insulation, 1. 
Thermoplastic Molding Materials, 863. 
Thermoplastic Molding Materials, Designat- 
ing Flow Temperature of, 867. 

Folding Endurance Test. 

Paper, 393. 

Paper, Effect of Heating on, 398. 

Paper, Untreated, for Electrical Insulation, 
685. 

Friction Tape. 

Friction Tape for General Use for Electrical 
Purposes, Spec, for, 1078. 

Friction Test. 

See Abrasion Test; Adhesion Test. 

Fuming-off Temperature Test. 

Cellulose Nitrate (Pyroxylin) Plastics, 737. 

G 

, Garnet Lac. 

See Shellac. 

Gas Content Test. 

See also Arc-Formed Gas Test, 

Insulating Oils, 621. 

Gasoline Immersion Test. 

See Oil Resistance Test. 

Geer Oven Test. 

See Aging Test. 


Glass Insulators. 

Communication and Signal, Lime-Glass, 
Pin-T>^e, Spec, for, 641. 

Lime-Glass, Pin-Type, Testing of, 80. 
Low and Medium Voltage, Lime-Glass, Pin- 
Type, Spec, for, 636. 

Spool, Testing of, 78. 

Glass Textiles. 

Fabrics and Fabric Tapes, Varnished, Used in 
Electrical Insulation, Testing of, 724. 
Tapes, Woven, Tests and Tolerances for, 
177. 

Tubing, Flexible Varnished, Used for Electri- 
cal Insulation, Testing of, 61. Tentative 
Revision, 1326. 

Tubular Sleeving and Braids, Woven, Tests 
and Tolerances for, 180. 

Yarn, Test for Compatability of With Insulat- 
ing Varnish, 722. 

Gloss. 

See also Reflectivity. 

Mar Resistance of Plastics, Test for, 209. 

Gloves. 

lilectrical Gloves (Voltage Rating of Gloves, 
3000 Volts), Spec, for, 333. 

Government Rubber. 

Insulated Wire and Cable, 

GR-M Polychloroprene Sheath Compound, 
Spec, for, 1145. 

GR-M Polychloroprene Sheath Compound, 
Where Extreme Abrasion Resistance Is 
Not Required, Spec, for, 1148. 

GR-S S^mthetic Rubber Sheath Compound, 
Spec, for, 1151. 

GR-S Synthetic Rubber Sheath Compound, 
Where Extreme Abrasion Resistance Is 
Not Required, Spec, for, 1153. 
Heat-Resisting Synthetic Rubber Com- 
pound, Spec, for, 1120. 

Performance Synthetic Rubber Compound, 
Spec, for, 1132. 

Testing of, 1155. 

■Gravity, , ■ 

See Specific Gravity Test, 

Grease Resistance Test. 

Turpentine Test for Grease Resistance of 
..'Raper,,400. ■■• 
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GE-M Rubber. 

See Government Rubber. 

GR-S Rubber! ■ 

See Government Rubber . 

Gummed Tape. 

■ See Paper; Tape. 

M 

Hard Rubber. 

See also Rubber Products. 

Chemical Analysis, Methods of, 939. 
Dielectric Constant and Power Factor of, 
Test for, 647. 

Dielectric Strength at Commercial Power 
Frequencies, Tests for, 124. 

Heat Distortion Temperature of Plastics, Test 
for, 872. 

Impact Resistance, Test for, 545. 

Insulation Resistance of, Test for, 135. 
Methods of Testing, 1175. 

Hardness Test. 

See also Indentation Test; Penetration 
Test. 

Phenolic Laminated Sheets, Product Uni- 
formity of, 26. 

Phenolic Laminated Sheets, Punching Quality 
of, 14. 

Rockwell Hardness of Plastics and Electrical 
Insulating Materials, 868. 

Rubber, 

A.S.T.M. Hardness, 293. 

Cellular Products, 1191. 

Hard, 1175. 

Natural, Cups for Use in Hydraulic Actuat- 
ing Cylinders, 1046. 

Sheet and Plate Materials for Electrical In- 
sulation, 36. 

Verification of Testing Machines, Methods of, 
r 478. : 

Haze Test. ^ 

Plastics, Transparent, by Photoelectric Cell, 

870."'"'., 

Heat Endurance Test. 

Varnished Tubing, Flexible, Used for Electri- 
cal Insulation, 61. 

Varnishes Used for Electrical Insulation, 503. 


Heat Exposure Test. 

■ See Temperature, Effect of, : ' ■ 

Heat Pressure Test. 

See Aging Test. 

Heating Test. 

See . Aging Test; Heat , Endurance Test; 
Stability Test; Temperature, Effect of. 

Hole Size Test. 

Mica Stampings Used in Electronic Devices 
and Incandescent Lamps, 154. 

Hose. 

See also Rubber Products. 

Brake, Automotive Air and Vacuum, Testing 
of, 1067. 

Brake, Automotive Hydraulic, Testing of, 
1072. 

Fire, Cotton Rubber-Lined, for Public and 
Private Fire Department Use, Spec, for, 
320. 

Rubber, Testing of, 1057. 

Humidity. 

See also Conditioning. 

Conditioning, 

and Weathering, Definitions of Terms with 
Procedures Relating to, 1318. 

Paper and Paper Products for Testing, 
Method of, 386. 

Paperboard, Fiberboard and Paperboard 
Containers, Method for, 389. 

Plastics and Electrical Insulating Materials 
for Testing, Methods of, 540. 

Relative Humidity, Method of Determining- 
see Part III-A, Book of A.S.T.M. Stand- 
ards, p. 489. 

Resistance of Plastics to Accelerated Service 
Conditions, Test for, 882, 

Water Vapor Permeability of Paper and Other 
Sheet Materials, Test for, 1255. 

Hydraulic Actuating Cylinders. 

Natural Rubber Cups for, Spec, for, 1046. 

Hydrogen Ton Concentration Test. 

: See Neutralization Test; pH Value Test. 

Hydrogen Permeability Test. 

Rubber-Coated Fabrics, 1099. 
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Hydrostatic Pressure Test. 

Hose, 

: Brake, ''Automotive Hydraulic, 1072. 

Fire, Cotton Rubber-Lined, 320 
Rubber, 1057. 

Paper, 374. 

Paper, Untreated, Used in Electrical Insula- 
tion, 685. 

Rubber-Coated Fabrics, 1087. 

■ 1 ■ 

Impact Test. 

Containers, 

Shipping, Drop Test for, 1266 
Shipping, Incline-Impact Test for, 1271. 
Small Revolving Hexagonal Drum Box- 
Testing Machine, Drum Test for, 1277. 
Electrical Insulating Materials, 

Enclosures for Small Testing Machines 
for Tests at Subnormal and Supernormal 
Temperatures, 730. 

Method of, 545. 

Molded Materials, 527. 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures, 731. 

Plastics, 

at Subnormal and Supernormal Tempera- 
tures, 932. 

Enclosures for Small Testing Machines for 
Tests at Subnormal and Supernormal 
Temperatures, 730. 

Method of, 545. 

Phenolic Materials, Molding Specimens of, 
934. 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures, 731. 

Indine-Impact Test. 

Shipping Containers, 1271. 

Indentation Test, 

See also Hardness Test; Penetration Test, 
Cellular Rubber Products, 1191. 

Conditioning of Rubber and Plastic Materials 
for Low-Temperature Testing, 1029. 
Rubber, by Durometer, 994. 

Rubber, by Pusey and Jones Plastometer, 295. 

Ink. 

Specifications for Standard Ink, Test for 
Absorption by Bibulous Papers of Water 
and Writing Ink, 1221. 


Specifications for Standard Ink, Test for 
Surface Wettability of Paper (Angle-of- 
Contact Method), 432. 

Insulating Liquids. 

See Askarels; Electricai Insulating Mate- 
rials; Transformer Oils. 

Insulating Materials. 

See Electrical Insulating Materials. 

Insulation Resistance Test. 

See Resistivity Test, Electrical, 

Interpretation of Numerical Requirements. 

Designation of Numerical Requirements in 
Standards, Recommended Practices for, 
1310. 

Izod Test. 

See Impact Test. 


Rove and Plied Yarn for Electrical and 
Packing Purposes, Tests and Tolerances 
for, 718. 

K 

Kerosine Number Test. 

Roofing and Flooring Felt, by Vacuum 
Method, 406. 


See Shellac. 

Laminated Insulating Materials. 

See also Electrical Insulating Materials; 
Plastics, 

Compressive Strength, Test for, 538. 
Conditioning Plastics and Electrical In- 
sulating Materials for Testing, Methods of, 
540. 

Dielectric Strength at Commercial Power 
Frequencies, Tests for, 124. 

Flexural Strength, Test for, 542. 

Flexural Test of Plastics, 858. 

Mar Resistance of Plastics, Test for, 209. 
Hardness, Rockwell, Test for, 868. 
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PhenoHe Laminated Slieet/' : • V 
Acetone Extraction, .Test for, 11. 
for Radio Applications, Spec, for, 572, 
Pr.odnct Uniformity, Test for,: 26. ' T 

' PimcMng Quality, . .Test, for, „ 14. 

Phenolic Laminated Tubing for Radio Ap- 
plications, Spec, for, 576. 

Power Factor and Dielectric Constant Parallel 
with Laminations, Test for, 682. 

Resistance of Plastics to Chemical Reagents, 
Test for, 194. 

Rods, Testing of, 31. Tentative Revision, 
1325. 

Thermosetting, Spec, for, 554. 

Tubes, Testing of, 52. Tentative Revision, 
1325. 

Water Absorption of Plastics, Test for, 234. 

Latex: Foam Rubber. 

See also Rubber Products. 

Cellular Rubber Products, Spec, for, 1 168. 

Cellular Rubber Products, Testing of, 1191. 

Chemical Analysis of Rubber Products, 
Methods of, 939. 

Latices of Natural Rubber and Synthetic 
Rubbers, Methods of Sampling and Test- 
ing, 361. 

Leakage Test. 

Rubber Cups, Natural, for Use in Hydraulic 
Actuating Cylinders, 1046. 

Length Measurement. 

Tubes, Rigid, Used in Electrical Insulation, 
Measuring of, 57. 

Life Test. 

See also Aging Test, Weathering Test. 

Fire Hose, Cotton Rubber-Lined, for Public 
and Private Fire Department Use, 320. 

Light Diffusion Test. 

Plastics, 197. 

Light, Effect : of. 

See Colorfastness Test; Weathering. 

Light Transmission Test. 

Haze of Transparent Plastics by Photo- 
electric Cell, 870. 

Plastic Materials, Luminous Reflectance and 
Transmission Characteristics and Color of, 
875. 


Line of Sight T^t. 

'■'Deviation of Line of Sight Through Trans- 
parent Plastics, 839, 

Liquid Aging Test. 

See Oil Resistance Test. 

Liquid Dielectrics, 

See Askarels; Transformer Oils. 

Loss on Heat Test. 

See also Distillation Test; Moisture Test. 

Cellulose Acetate Butyrate Molding Com- 
pounds, 753. 

Cellulose Acetate Molding Compounds, 750. 

Cellulose Acetate Plastic Sheets, 787. 

Cellulose Nitrate (Pyroxylin) Plastic Sheets, 
Rods, and Tubes, 737. 

Ethyl Cellulose Molding Compounds, 791. 

Mica, Natural Block and Films, for Fixed 
Mica-Dielectric Capacitors, 705. 

Nonrigid Plastics, 

Ethyl Cellulose, 773. 

Polyvinyl Tubing, 583. 

Vinyl Butyral, 783. 

Vinyl Chloride, 778. 

Vinyl Chloride- Acetate Resin, 768. 

Physical State of Cure of Vulcanized Rubber 
(T-50 Test), 986. 

Rubber and Synthetic Rubber Compounds 
for Automotive and Aeronautical Applica- 
tions, 1036. 

Sheet and Plate Ivlaterials Used in Electrical 
Insulation, 36. 

Thermometers, 454, 1281. 

Varnishes Used for Electrical Insulation, 503. 

Vinylidene Chloride Molding Compounds, 
764. 

Vulcanized Fibre for Electrical Insulation, 
Testing of, 594. 

Low-Temperature Test. 

iVcceierated Service Conditions, Resistance of 
Plastics to, 882, 

Brittle Temperature of Plastics and Elas- 
tomers, 817, 

Brittleness, Low-Temperature, of Rubber and 
Rubber-Like Materials, 1026. 

Cellular Rubber Products, 1191. 

Conditioning Plastics and Electrical In- 
sulating Materials for Testing, Methods of, 
540. 
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Low-Temperature Test 

Conditioning Rubber and Plastic Materials, 

i(m. 

Enclosures for Small Testing Machines for 
Tests at Subnormal and Supernormal Tem- 
peratures of Electrical Insulating Materials 
and Plastics, 730. 

Impact Resistance of Plastics at Subnormal 
and Supernormal Temperatures, 932. 

Rubber Cups, Natural, for Use in Hydraulic 
Actuating Cylinders, 1046. 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures of Electrical 
Insulating Materials and Plastics, 731. 

Tensile and Compressive Properties of Plastics 
at Subnormal and Supernormal Tempera- 
tures, 916. . 

Young’s Modulus in Flexure of Natural and 
Synthetic Elastomers at Normal and Sub- 
normal Temperatures, 313. 

M 

M.LT. Tester. 

Folding Endurance of Paper, Test for, 393. 

Machine Direction Test, 

Paper, 408. 

MacMichael Viscosimeter, 

Description and use of MacMichael viscosim- 
eter for determining viscosity of insulating 
varnishes, 512. 

Mandrel Bend Test. 

See Bend Testing. 

Mar Resistance Test. 

Plastics, 209. 

Matting, Rubber. 

for Circuits Not Exceeding 3000 Volts to 
Ground, Spec, for, 339. 

Mechanical Analysis. 

See Sieve Analysis. 

Melamine-Formaldehyde Compounds. 

See Plastics. 

Methacrylate Plastics. 

See Plastics. 


Methanol Solubility' Test. 

Polystyrene Molding Compounds, 742. 

Methods of Testing. 

(Methods of testing are indexed under the 
materials and subjects covered by them.) 

Mica. 

Dielectric Strength of Electrical Insulating 
Materials at Commercial Power Frequen- 
cies, Test for, 124. 

Natural Block and Films for Fixed Mica- 
Dielectric Capacitors, Spec, for, 705. 

Natural Mica, Testing, Grading, and Classify- 
ing, 144. 

Pasted Mica for Electrical Insulation, Tests 
for, 150, 

Stampings, for Electronic Devices and In- 
candescent Lamps, Measuring of, 154. 

Thickness of Solid Electrical Insulation, Test 
for, 47. 

Microscopic Test. 

Mica Stampings Used in Electronic Devices 
and Incandescent Lamps, 154. 

Plastics, Transparent Organic, Index of Re- 
fraction of, 214. 

Mineral Oil, 

See Transformer Oils, 

Mobility Test. 

Definitions Relating to Rheological Proper- 
ties of Matter, 494. 

Thermosetting Molding Powder, 879. 

Modulus of Elasticity. 

Definitions Relating to Methods of Testing, 
487. 

Flexural Test of Plastics, 858. 

Modulus of Rupture. 

See Flexure Test. 

Moisture Test. 

See also Conditioning; Humidity. 

Nylon tin jection Molding Compound, 797. 

Paper, Paperboard, and Paperboaid and 
Fiberboard Containers, 410. 

Paper, Untreated, for Electrical Insulation, 
685. 

Shipping Containers, Compression Test for, 

',,1261. ■■■.: 

Shipping Containers, Drop Test for, 1266. 
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Molded Insulating Materials. 

See. also Plastics. 

Acetone Extraction of Phenolic Molded or 
Laminated Products, Test for, 11. 

Ammonia in Phenol-Formaldehyde Molded 
Materials, Test for, 812, ' 

Arc Resistance, Test for, 121. 

Brittle Temperature of Plastics and Elas- 
tomers, Test for, 817. 

Coefficient of Linear Thermal Expansion of 
Plastics, Test for, 230. 

Compressive Strength of Plastics, Test for, 
824. 

Compressive Strength, Test for, 538. 

Conditioning Materials for Testing, Methods 
of, 540. 

Deformation of Plastics Under Load, Tests for 
833. 

Dielectric Constant and Power Factor, Tests 
for, 647. 

Dielectric Strength at Commercial Power 
Frequencies, Test for, 124. 

Flammability of Plastics Over 0.050 in. in 
Thickness, Test for, 207. 

Flexural Strength, Test for, 542. 

Flexural Test of Plastics, 858. 

Flow Properties of Thermoplastic Molding 
Materials, Measuring of, 863. 

Flow Temperature of Thermoplastic Molding 
Materials, Method of Designating, 867. 

Heat Distortion Temperature of Plastics, 
Test for, 872. 

Impact Resistance, Test for, 545. 

Index of Refraction of Transparent Organic 
Plastics, 214. 

Mar Resistance of Plastics, Test for, 209. 

Mobility, Relative, of Thermosetting Molding 
Powder, Measuring of, 879. 

Molds for Test Specimens, Spec, for, 804. 

Phenolic Materials, Molding Specimens of. 
Recommended Practice for, 934. 

Product Uniformity of Phenolic Laminated 
Sheets, Test for, 26. 

Punching Quality of Phenolic Laminated 
Sheets, Test for, 14. 

Resistance of Plastics to Chemical Reagents, 
Test for, 194. 

Rockwell Hardness, Test for, 868. 

Shrinkage from Mold Dimensions of Molded 
Materials, Measuring of, 23. 

Specific Gravity of Plastics, Tests for, 889. 

Stillness in Flexure of Nonrigid Plastics, Test 
for, 895. 


Tensile Strength, Test for, 551. 

Tension Tests of Plastics, Long-Time, 919, 

Testing of, 527. 

Thermal Expansion, Cubical, Coefficient of 

Plastics, Test for, 842. 

Thermal Expansion, Linear, Coefilcieiit of 
Plastics, Test for, 230. 

Thickness of Solid Insulation, Test for, 47. 
Water Absoiption of Plastics, Test for, 234. 

Molding Powder. 

■ See Electrical Insulating Materials; 
Plastics. 

Molding Test. 

Pasted Mica Used in Electrical Insulation, 

150. 

N 

Natural Rubber. 

See Rubber Products. 

Neutralization Test. 

Askarels, 606. 

Cellulose Nitrate (Pyroxylin) Plastic Sheets. 

Rods, and Tubes, 737. 

Oils, Electrical Insulating, 600. 

Paper, Untreated, for Electrical Insulation 
685. 

Paper, Water-Soluble Acidity or Alkalinity 
450. 

Woven Tapes, 182. 

Nomenclature. 

See Definitions. 

Nonrigid Plastics, 

See Plastics; Rubber Products. 

Nylon. 

See also Plastics. 

Nylon Injection Molding Compound, ' Spec. 

for, 797. 

o 

Oil Resistance Test. 

Asbestos Sheet Packing, 363. 

Automotive Air. Brake and Vacuum Brake 
Hose, 1067. 

Cellular Rubber Products, 1191. 

Flat Rubber Belting, 324. ■ 
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Oil Resistattce Test ' 

GR"M Polycliloroprene Sheath Compound 
for Electrical Insulated Cords and' Cables, 
1145 .;- 

GR-]\I Polycliloroprene Sheath Compound 
for Electrical Insulated Cords and Cables 
Where Extreme Abrasion Resistance Is 
Not Required, 1148. 

Insulated Wire and Cable: Polyvinyl In-' 
sulatmg Compound, 1136. 

Polyvinyl Tubing, Nonrigid, 583. 

Rubber, 

and Rubber-Like Materials, Changes in 
Properties of, 1014. 

and Synthetic Rubber Compounds for 
Automotive and Aeronautical Applica- 
tions, 1036. 

Cups, Natural, for Use in Hydraulic Ac- 
tuating Cylinders, 1046. 

Hose, 1057. ^ 

Varnished Cloths and Cloth Tapes Used in 
Electrical Insulation, 517. 

Varnished Glass Fabrics and Glass Fabric 
Tapes Used in Electrical Insulation, 724, 
Varnishes Used for Electrical Insulation, 503. 

Oils. 

See Transformer Oils. 

Opacity Test. 

Paper and Paper Products, 413. 

Ortho-Dichlorobenzene. 

Vinylidene Chloride Molding Compounds, 
Spec, for, 764. 

Oxidation Test. 

Mineral Transformer Oil, Test for Sludge 
Formation, 628. 

Oxygen Bomb Test. 

See Bomb Test, 

r .',;■■■■■ ■ 

' Ozone-Resistant Insnlation, 

Insulated Wire and Cable, Spec, for, 1124. 
Rubber Insulated Wire and Cable, Testin*^ 
of, 1155. 

■P" 

Packaging Materials. 

See Containers; Paper. 

Packing. 

Asbestos Sheet, Testing of, 363, 


Paper. 

Absorption by Bibulous Papers of Water and 
Writing Ink, Test for, 1221. 

Acidity or Alkalinity, .Water 'Soluble,' Test,,, 
for, 450, 

Adhesiveness of^ Gummed Tape, Test for 
1223. 

Ash Content, Test for, 369. 

Bursting Strength, Test for, 374, 

Casein in Paper, Qualitative Test for, 377. 
Cellulose, Alpha-, Beta-, and Gamma-, Test 
for, 378. 

Coating on Mineral-Coated Paper, Quanti- 
tative Test for, 3-84. 

Compression Testing of Shipping Containers, 
1261. 

Conditioning and Weathering, Definitions 
with Procedures Relating to, 1318. 
Conditioning for Testing, 386. 

Conditioning of Paperboard, Fiberboard, and 
Paperboard Containers for Testing, 389. 
Dielectric Strength at Commercial Power 
Frequencies, Test for, 124. 

Drop Test for Shipping Containers, 1266. 
Drum Test for Containers in Small Revolving 
Hexagonal Drum Box-Testing Machine, 
1277.’ 

Edge Tearing Strength of Paper, Test for, 
1226. 

Electrical Insulation, Sampling and Testing 
Untreated Paper for, 685. 

Flammability of Treated Paper and Paper- 
board, Test for, 391. 

Folding Endurance, Effect of Heating on, 
Test for, 398. 

Folding Endurance, Test for, 393. 

Grease Resistance, Turpentine Test for, 400. 
Humidity, Relative, Metliod of Determina- 
tion of — see Part III-A, Book of A.S.T.M. 
Standards, p. 489. 

Hydrogen Ion Concentration (pH)* of Paper 
Extract, Test for, 402. 

Kerosine Number of Roofing and Flooring 
Felt by Vacuum Method, Test for, 406. 
Machine Direction, Test for, 408. 

Mineral . Filler and Mineral Coating, Quali- 
tative Examination of, 1229. 

Moisture in Paper, Paperboard, and Paper- 
board and Fiberboard Containers, Test 
for, 410, 

Opacity of Paper and Paper Products, Test 
for, 413. 
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"Paraffin, Content o.f Waxed Paper, Test for, 

■Penetration, Time of, by Water of Sized 
Paper and Paper Products (Dry Indicator 
Method), Test, for, 445.' 

Pentosans in Paper,, Test for, 41' 7. '■ 
pH of Aqueous , Solutions, Determination of 
with the Glass Electrode, 1297. 

Phenolic Laminated Sheet for Radio Applica- 
tions, Spec, for, 572. 

Ply Adhesion, Test for, 1234. 

Printing-Ink Permeation (Castor Oil Test), 
Test for, 420. 

Puncture and Stiffness of Paperboard, Cor- 
rugated and Solid Fiberboard, Test for, 
1238. 

Resistance to Passage of Air, Test for, 1242, 
Rosin in Paper, Test for, 422. 

Sampling Paper and Paper Products, 426. 
Staining of Paper by Alkali, Test for, 367. 
Starch in Paper, Test for, 428. 

Surface Wettability of Paper (Angle-of-Con- 
tact Method), Test for, 432. 

Tearing Resistance, Internal, Test for, 436. 
Tensile Breaking Strength, Test for, 1245. 
Thermosetting Materials, Laminated, Spec. 

for, 554. 

Thickness, 

Bulking, Test for, 440. 
of Paper and Paper Products, Tests for, 
442. 

of Solid Electrical Insulation, Tests for, 47. 
Tubing, Round Phenolic Laminated, for 
Radio Applications, Spec, for, 576. 
Vulcanized Fibre for Electrical Insulation, 
Testing of, 594. 

Vulcanized Fibre Sheets, Rods, and Tubes 
Used for Electrical Insulation, Spec, for, 

■ 567. 

Water Vapor Permeability, 

Paper and Paperboard, Test for, 125L 
Plastic Sheets, Test for, 923. 

Test at Elevated Temperature and Hu- 
midity, 1255. 

■ Weight, Basis, Test for, '371. ' 

Wet Curl, Test for Degree of, 1259. 

Wet Tensile Breaking Strength, Test for, 1248. 
Wire and Felt Sides of Paper, Test for, 452. . 

Paperboard, , 

See Paper. 

Paraffins, Test for in, 

Waxed Paper, 415. 


Particle Size Test. 

See also Sieve Analysis. 

Melding Powders for Molded Electrical In- 
sulators, 6. 

Particle Size Distribution of Subsieve Size 
Particulate Substances, 1292. 

Sieves for Testing Purposes, 471. 

Peel Test, 

Adhesives, Peel or Stripping Strength of, 1213. 

Penetration Test. 

See also Absorption Test; Hardness T^t; 
Indentation Test; Permeability. 

Polyvinyl Tubing, Nonri^d, 583. 

Pentosans. 

Paper, Test for m, 417 

Permeability* 

Hydrogen Permeability of Rubber-Coated 
Fabrics, Test for, 1999. 

Printing Ink Permeation of Paper (Castor 
Oil Test), Test for, 420. 

Volatile Liquids, Permeability of Vulcanized 
Rubber or Synthetic Elastomers to. Test 
for, 1023. 

Water, Time of Penetration by, of Sized 
Paper and Paper Products (Dr>’' Indicator 
Method), Test for, 445. 

Water Vapor Permeability, 

Paper and Other Sheet Materials at Ele- 
vated Temperature and Humidity, 1255. 
Paper and Paperboard, Test for, 1251. 
Plastic Sheets, Test for, 923. 

Permissible Variations in Standards. 

Designation of Numerical Requirements in 
Standards, Recommended Practices for, 
1310. 

Petroleum Products. 

See Transformer Oils. 

pH Value Test. 

Aqueous Solutions, Determination with the 
Glass Eiectxode, 1297. 

Paper Extracts, 402. 

Paper,. Untreated, Used in Electrical lasula- 
don, 685. 

Tapes, Woven, 182. 
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Phetiollc Plastics. 

See Electrical Insulating Materials; 

' Plastics. 

Phenolic Sheet. 

■See Electrical ' ■ Insulating' Materials; 

Plastics. 

Plastic Deformation. 

See also Flow Test ; Plasticity. 

Rubber Adhesives, Testing of, 1199. 

Plasticity. 

See also Consistency Test; Flow Test; 
Viscosity Test. 

Definitions Relating to Rheological Proper- 
ties, 494. 

Rubber Adhesives, 1199. 

Rubber, Test for Indentation by Pusey and 
Jones Plastometer, 295. 

Plastics. 

See also Electrical Insulating Materials; 
Rubber Products. 

Acetone Extraction of Phenolic Molded or 
Laminated Products, Test for, 11. 

Acetyl and Butyryl Content of Cellulose 
Acetate Butyrate, Test for, 807. 

' Allyl Sheets, Rods, Tubes, and Shapes, Cast, 
Spec, for, 801. 

Ammonia in Phenol-Formaldehyde Molded 
Materials, Test for, 812. 

Arc Resistance of Solid Electrical Insulating 
Materials, Test for, 121. 

Brittle Temperature of Plastics and Elas- 
tomers, Test for, 817. 

Brittleness, Low-Temperature of Rubber and 
Rubber-Like Materials, Test for, 1026. 

Cellulose Acetate Butyrate, Spec, for, 753, 

Cellulose Acetate Plastic Sheets, Spec, for, 787. 

Cellulose Nitrate (Pyroxylin) Plastic Sheets, 
Rods, and Tubes, Spec, for, 737. 

Chemical Reagents, Resistance to, Test for, 
194. 

Colorfastness to Light, Test for, 821. 

Compression Set of Vulcanized Rubber, Test 
for, 997. 

Compressive Strength of Electrical Insula- 
tion, Test for, 538. 

Compressive Strength, Test for, 824. 

Conditioning and Weathering, Definitions 
Relating to, 1318. 


Conditioning Plastics and. Electrical, Insulat- 
ing Materials for Testing, Methods of, 540. 
Definitions of, 

Methods of Testing, 487, 

Rheological Properties, 494. 

Terms Relating to Plastics, 938. 

Deformation Under Load, Tests for, 833. 
Descriptive Nomenclature of Objects Made 
from Plastics, 237. 

Dielectric Constant and Power Factor Parallel 
with Laminations, Test for, 682. 

Dielectric Constant and Power Factor, Test 
for, 647. 

Dielectric Strength at Commercial Power 
Frequencies, Test for, 124. 

Diffusion of Light by Plastics, Test for, 197. 
Elastomers, Synthetic, Methods of Identifica- 
tion and Quantitative Analysis of, 969. 
Enclosures for Small Testing Machines for 
Tests at Subnormal and Supernormal Tem- 
peratures, Spec, for, 730. 

Ethyl Cellulose, Spec, for, 791. 

Flammability Test, 

Plastics 0.050 in. and Under in Thickness, 
204. 

Plastics Over 0.050 in. in Thickness, 207. 
Self-Extinguishing Type of Plastics, 846. 
Flexural Strength of Electrical Insulation, 
Test for, 542. 

Flexural Stress (Fatigue), Repeated, Test for, 
849. 

Flexural Test, 858. 

Flow Properties of Thermoplastic Molding 
Materials, Method of Measuring, 863. 

Flow Temperature of Thermoplastic Molding 
Materials, Method of Designating, 867. 
Hardness, 

Durometer Indentation of Rubber, Test 
for, 994. 

of Rubber, Test for, 293. 

Rockwell, Test for, 868. 

Haze of Transparent Plastics, Test by Photo- 
electric Cell, 870. 

Heat Distortion Temperature, Test for, 872. 
Heat, Permanent Effect of, Recommended 
Practice for Determining, 936. 

Humidity, Relative, Method of Determina- 
tion of — see Part III-A, Book of A.S.T.M. 
Standards, p. 489. 

Impact Resistance at Subnormal and Super- 
normak Temperatures, Test for, 932. 
Impact Resistance, Test for, 545. 

Insulation Resistance, Test for, 135. 
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Laminated Round Rods for Eleetricai lm 
sulatioiij Tests for, 31. Tentative Revision, 

, 1325. . 

Line of Sight Through Transparent Plastics, 
Test for Deviation of, 839. 
Low-Temperature Testing, Recommended 
Practice for Conditioning for, 1029. 
Tmminous Reflectance and Transmission Char- 
acteristics and Color, Test for, 875. 

Mar Resistance, Test for, 209. 
Melamine-Formaldehyde, Spec, for, 747. 
Methacrylate Sheets, Rods, Tubes, and 
Shapes, Cast, Spec, for, 187. 

Methacrylate Molding Compounds, Spec, 
for, 794, 

Mobility of Thermosetting Molding Powder, 
Test for, 879. 

Molded Materials for Electrical Insulation, 
Testing of, 527. 

Molding Compounds, Cellulose Acetate, Spec, 
for, 750. 

Molding Powders for Molded Electrical In- 
sulators, Testing of, 6. 

Molds for Test Specimens of Molding Mate- 
rials, Spec, for, 804. 

Nonrigid Plastics, 

Ethyl Cellulose, Spec, for, 773. 

Polyvinyl Tubing, Testing of, 583. 

Stiffness in Flexure, Test for, 895. 

Vinyl Butyral, Spec, for, 783. 

Vinyl Chloride - Acetate Resin, Spec, for, 
768. 

Vinyl Chloride, Spec, for, 778. 

Numerical Requirements in Standards, Desig- 
nation of, 1310. 

Nylon Injection Molding Compounds, Spec, 
for, 797. 

Phenol-Formaldehyde Molded Materials, Test 
for Ammonia in, 812. 

Phenolic Laminated Products, 

Sheet for Radio Applications, Spec, for, 

572 ... '' 

Sheets, Product Uniformity, Test for, 26. 
Sheets, Punching Quality, Test for, 14. 
Tubing for Radio Applications, Spec, for, 
576. ■ 

Phenolic Materials, Molding Specimens of, 
Recommended Practice for, 934. 

Phenolic Molding Compounds, Spec, for, 733. 
Pol3''Styrene Molding Compounds, Spec, for, 

■ 742,"' "■ 

Polyvinyl Insulating Compound for Insulated 
Wire and Cable, Spec, for, 1136. 


Polyvinyl, Tubing, Nonrigid, Testing of, 583. 

Refractive Index of Transparent Organic 
Plastics, Test for, 214. 

Resistance to Accelerated Service Conditions, 
Test for, 882. 

Rods, Rigid, Used in Electrical Insulation, 
Methods of Measuring Dimensions of, 581. 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures, Spec, for, 731. 

Shear Strength, Test for, 217. 

Sheets, I 

and Plate Materials for Electrical Insula- 
tion, Testing of, 36. Tentative Revi- 
sion, 1325. 

and Films, Thin, Tensile Properties of, Test 
for, 911. 

Method for Estimating Blocking of, 814. 

Shrinkage from Mold Dimensions, Measuring 
of, 23. 

Softening Point by Ball and Shouldered Ring 
Apparatus, Test for, 1303. 

Specific Gravity, Definitions of, 492. ^ 

Specific Gravity, Tests for, 889. ^ 

Stability, Short-Time at Elevated Tempera- 
tures, of Nonrigid Plastics Containing 
Chlorine, Test for, 893. 

Surface Irregularities of Flat Transparent 
Sheet, Test for, 228. 

Tear Resistance of Vulcanized Rubber, Test 
for, 290. 

Tensile and Compressive Properties at Sub- 
normal and Supernormal Temperatures, 
Test for, 916, 

Tensile Properties, Test for, 899. 

Tensile Strength of Electrical Insulation, Test 
for, 551, 

Tension Testing of Vulcanized Rubber, 247. 

Tension Tests, Long-Time, Recommended 
Practice for, 919. 

Thermal Expansion, Cubical, Coefficient of, 
Test for, 867. 

Thermal Expansion, Linear Coefficient of, 
Test for, 230. 

Thermosetting Materials, Laminated, Spec, 
for, 554. 

Thickness of Solid Electrical Insulation, Test 
for, 47. 

Tubes, Laminated, Used in Electrical Insula- 
tion, Testing of, 52. Tentative Revision, 
1325, 

Tubes, Rigid, Methods of Measuring Dimen- 
sions of, 57. 


1350 


Index of A.S.T.M. Standaeds, Part III-B 


Plastics (Ccniinued). 

Urea-Formaldehyde Molding Compounds, 
Spec, for, 191. 

Verification of Testing Machines, 478. 

Vinyl Chloride - Acetate Resin Molding Com- 
pounds, Spec, for, 761. 

Vinyl Chloride - Acetate Resin Plastic Sheets, 
Spec, for, 757. 

Vinyiidene Chloride, Spec, for, 764, 

Viscosity, Kinematic, Test for — see Part 
III-A, Book of A.S.T.M. Standards, p. 964, 
Water Absorption, Test for, 234. 

Water Vapor Permeability of Sheets, Test 
for, 923. 

Weathering, Accelerated, Using S-l Bulb and 
Fog Chamber, Recommended Practice for, 
927. 

Plates. 

See also Sheets. 

Electrical Insulating Materials, 

Compressive Strength, Test for, 538. 
Flexural Strength, Test for, 542. 

Laminated, Test for Power Factor and Di- 
electric Constant Parallel with Lamina- 
tions, 682. 

Tensile Strength, Test for, 551. 

Testing of, 36. Tentative Revision, 1325. 
Thickness Tests for, 47. 

Plastics, Compressive Strength, Test for, 824, 
Plastics, Long-Time Tension Tests, Recom- 
mended Practice for, 919. 

Polycrylate Plastics. 

See Plastics. 

Polymerization Test. 

Shellac for Electrical Insulation, 1. 
Polystyrene Plastics. 

See Plastics, 

Polyvinyl Plastics. 

See Plastics. 

Porcelain, Electrical. 

Arc Resistance, Test for, 121. 

Dielectric Constant and Power Factor, Test 
for, 647. ■ 

Dielectric Strength at Commercial Power Fre- 
quencies, Test for, 124. 

Flexural Strength, Test for, 542. 


Impact Resistance, Tests for, 545. 

Insulation Resistance, Tests for, 135. 

Tensile Strength, Test for, 551. 

Testing of, 92. 

Porosity Test. 

See also Absorption Test; Permeability. 

Porcelain, Electrical, 92. 

Pothead Compounds. 

Dielectric Strength at Commercial Power 
Frequencies, Test for, 124. 

Softening Point by Ball and Shouldered Ring 
Apparatus, Test for, 1303. 

Solid Filling and Treating Compounds for 
Electrical Insulation, Testing of, 106. 

Pour Point Test. 

Askarels, 606. 

Electrical Insulating Oils, 600. 

Thermometers, Spec, for, 454. 

Powder Pourability Test. 

Molding Powders Used in Manufacturing 
Molded Electrical Insulators, 6. 

Power Factor Test. 

Electrical Insulating Materials, 647. 

Laminated Sheet and Plate Insulating Mate- 
rials, Test for Parallel with Laminations, 
682. 

Mica, Natural, 144. 

Mica, Natural, Block and Fihns for Fixed 
Mica-Dielectric Capacitors, 705. 

Molded Materials for Electrical Insulation, 
527. 

Oils, Electrical Insulating, 600. 

Solid Fining and Treating Compounds for 
Electrical Insulation, 106. 

Varnished Cloths and Cloth Tapes for Elec- 
trical Insulation, 517. 

Varnished Glass Fabrics and Glass Fabric 
Tapes Used in Electrical Insulation, Test- 
ing, 724. 

Precipitation Naphtha. 

Specifications for precipitation naphtha, Test 
for Sludge Formation of Mineral Trans- 
former Oil, 628, 

Product Uniformity Test. 

Phenolic Laminated Sheets, 26, 
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Proving Levers, 

. Verification of. Testing. MacMnes,. .Metliods 
of, 478, 

PuncMng Quality; Test. ; 

Phenolic Laminated Sheets, 14. 

Puncture Test. 

Paperboard, Corrugated and Solid Fiber- 
board, 1238, 

Pusey and Jones Plastometer. 

Indentation Test for Rubber, 295. 

Pyrolysis Test, 

Synthetic Elastomers, Identification and 
Quantitative Analysis of, 969. 

Pyroxylin. 

Sec Plastics. 

Cotton Goods for Rubl^er and Pyroxylin 
Coating, Test for, 341. 

Q 

Q Value Test. 

Mica, Natural Block and Films for Fixed 
Mica-Dielectric Capacitors, 705. 

R , , 

Radio Materials, Phenolic, 

Sheet, Laminated, Spec, for, 572. 

Tubing, Round Laminated, Spec, for, 576. 

Radio Spaghetti. 

See Electrical Insulating Materials. 

Rayon. 

Sleeving, Flexible, Treated, Used in Electrical 
Insulation, Spec, for, 496. 

Tubing, Flexible Varnished, Used for Elec- 
trical Insulation, Testing of, 61 . Tentative 
Revision, 1326. 

Reclaimed Rubber. 

See .Rubber Products, 

Recommended Practices. 

(Recommended practices are indexed under 
the materials and subjects covered by 
them.) , , 
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Rddectivity. 

Lummous Reflectance and ' TransmMon 
Characteristics and Color of Plastic 3^Iate- 
rials. Test for, 875. 

Opacity of Paper and Paper Products, Test 
for, 413. 

Spectral Characteristics and Color of Objects 
and Materials, Test for, 220. 

Wire and Felt Sides of Paper, Test for, 452. 

Reflectometer. 

Diffusion of Light by Plastics, Test for, 197. 

Refractive Index Test. 

" Askarels, 606. 

Plastics, Transparent Organic, 214. 

Relative Humidity. 

See Humidity. 

Resin. 

See also Plastics. 

Paper, Test for in, 422. 

Shellac for Electrical Insulation, Testing of, 1. 
Shellac, Orange, and Other Indian Lacs for 
Electrical Insulation, Spec, for, 495. 
Softening Point by Bali and Shouldered Ring 
Apparatus, Test for, 1303. 

Solid Filling and Treating Compounds for 
Electrical Insulation, Testing of, 106. 
Varnishes Used for Electrical Insulatloii, Test- 
ing of, 503. 

Resistivity Test, Electrical. 

Hard Rubber Products, 1175. 

Insulated Wire and Cable, 

Heat-Resisting Synthetic Rubber Com- 
poimd, 1120. 

Perfprmance Synthetic Rubber Compound, 
1132. 

Polyvinyl Insulating Compound, 1 136. 
Rubber, 1155. 

Insulation Resistance of Electrical Insulating 
Materials, 135. 

Molded Materials for Electrical Insulation, 
527. 

Nonrigid Poly vinyl Tubing, 583. 

Solid Filling and Treating Compounds, Test- 
ing of, 106. 
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Rockwell Hardness Test. 

See also Hardness Test, , 

Phenolic Laminated Sheets, Test for Product 
Uniformity of, 26. 

Plastics and Electrical Insulating Materials, 

868 . 

Sheet and Plate Materials Used in Electrical 
Insulation, 36. Tentative Revision, 1325. 

Rods. 

Ally! Plastic, Cast, Spec, for, 801. 

Cast Methacrylate Plastic, Spec, for, 187, 
Cellulose Nitrate (Pyroxylin) Plastic, Spec, 
for, 737. 

Compressive Strength of Electrical Insulating 
Materials, Test for, 538. 

Compressive Strength of Plastics, Test for, 
824. 

Flexural Strength of Electrical Insulating 
Materials, Test for, 542. 

Laminated, for Electrical Insulation, Tests 
for, 31. Tentative Revision, 1325. 
Laminated Thermosetting Materials, Spec, 
for, 554. 

Rigid, Used in Electrical Insulating, Measur-* 
ing of, 581. 

Tensile Strength of Molded Electrical Insula- 
tion, Test for, 551. 

Vulcanized Fibre for Electrical Insulation, 
Spec, for, 567. 

Vulcanized Fibre for Electrical Insulation, 
Testing of, 594. 

Roving. 

Asbestos for Electrical Purposes, Spec, and 
Tests for, 162. 

Jute, for Electrical and Packing Purposes, 
Tests and Tolerances for, 718. 

Rubber Products. 

See also Electrical Insulating Materials; 
Plastics. 

Abrasion Resistance, Tests for, 282. 

Adhesion (Friction Test) , Test for, 27 1 , 
Adhesion to Metal, Test for, 277. 

Adhesives, Testing of, 1199. 

Aging, 

Accelerated, Oven Method, Test for, 259. 
Accelerated, Oxygen-Pressure Method, Test 
for, 254. 

Heat Aging of Vulcanized Natural or Syn- 
thetic Rubber by Test Tube Method, 977 
Air Pressure Heat Test, 263. 


Automotive and Aeronautical Applications, 
Synthetic Compounds for, Spec, for, 1036, 
Battery Containers, Asphalt Composition, 
Testing of, 1183. 

Belting, Testing of, 324. 

Brittle Temperature of Plastics and Elas- 
tomers, Test for, 817. 

Brittleness, Low-Temperature, Test for, 1026. 
Cellular Rubber Products, Spec, for, 1168. 
Cellular Rubber Products, Tests for, 1191. 
Cements, Rubber, Test for Viscosity and 
Total Solids Content of, 358. 

Changes in Rubber and Rubber-Like Mate- 
rials in Liquids, Tests for, 1014, 

Chemical Analysis, Methods of, 939. 
Compression-Deflection Characteristics, Tests 
for, 299. 

Compression Fatigue, Tests for, 1003. 
Compression Set, Tests for, 997. 
Conditioning for Low-Temperature Testing, 
Recommended Practice for, 1029. 

Cotton Goods for Rubber and Pyroxylin 
Coating, Spec, and Tests for, 341, 

Crack Growth of Vulcanized Rubber or 
Synthetic Elastomers, Test for Resistance 
to, 1011. 

Cracking, Dynamic Test for, 302. 

Cups, Natural, for Use in Hydraulic Actuating 
Cylinders*, Spec, for, 1046. 

Cure of Vulcanized Rubber, Test for Physical 
State of (T-50 Test)v 986. 

Elastomers, Synthetic, Methods of Identifica- 
tion and Quantitative Analysis of, 969. 
Fabrics, Rubber-Coated, Testing of, 1087. 
Flexure, Young’s Modulus in, at Normal and 
Subnormal Temperatures of Natural and 
Synthetic Elastomers, Test for, 313. 

Gloves, Electrical (Voltage Rating of Gloves, 
3000 Volts), Spec, for, 333. 

Hard Rubber Products, Testing of, 1175. 
Hardness, Indentation Test by Durometer, 
:994. 

Hardness of Rubber, Test for, 293. 

Hose, 

Brake, Automotive Air and Vacuum, Test- 
ing of, 1067. 

Brake, Automotive Hydraulic, Testing of, 

. 1072.' 

Fire, Cotton Rubber-Lined, Spec, for, 320. 
Rubber, Testing of, 1057. 

Indentation Test by Pusey and Jones Plastom- 
eter, 295, ' 
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Insulated Wire and Cable, 

Class AO, 30. per cent Hevea Rubber Com- 
pound, Spec, for, 1103. 

GR-M Polychloroprene Sheath Compound, 
Spec, for, 1145. 

GR~M Polychloroprene Sheath Compound, 

, Where Extreme Abrasion Resistance Is 
Not Required, Spec, for, 1148. 

GR~S Synthetic Rubber Sheath Com- 
pound, Spec, for, 1151. 

GR-S Synthetic Rubber Sheath Com- 
pound, Where Extreme Abrasion Resist- 
ance is Not Required, Spec, for, 1153. 
Heat-Resisting Compound, Spec, for, 346. 
Heat-Resisting Synthetic Rubber Com- 
pound, Spec, for, 1120. 

Ozone-Resistant Type Insulation, Spec, 
for, 1124. 

Performance Compound, Spec, for, 352. 
Performance Synthetic Rubber Compound, 
Spec, for, 1132. 

Polyvinyl Insulating Compound, Spec, for, 
1136. 

Rubber, Testing of, 1155. 

Sheath Compound, Rubber, Spec, for, 1143. 
Insulation Resistance of Electrical Materials, 
Test for, 135. 

Latices' of Natural Rubber and Synthetic 
Rubbers, Sampling and Testing of, 361. 
Light Aging, Accelerated, Test for Resistance* 
to, 980. 

Light Checking and Cracking, Test for Re- 
sistance to, 267. 

Light Source for Accelerating the Deteriora- 
tion of Rubber, Method of Calibration of, 
983. 

Matting, Rubber, for Circuits not Exceeding 
3000 Volts to Ground, Spec, for, 339. 
Packing, Compressed Asbestos Sheet, Test- 
ing of, 363. 

Permeability to Hydrogen of Rubber-Coated 
Fabrics, Test for, 1099. 

Permeability to Volatile liquids of Vulcanized 
Rubber or Synthetic Elastomers, Test for, 
1023. 

Physical Testing of Rubber Products, 
Methods of Sample Preparation, 242. 
Plastics, Non-Rigid, 

Brittle Temperature, Test for, 817. 

Ethyl Cellulose, Spec, for, 773. 

Vinyl Butyral, Spec, for, 783. 

Vinyl Chloride-Acetate Resin, Spec, for, 
768. 


Vinyl Chloride, Spec, for, 778. 

■ Ply Separation and Cracking of, Dynamic 

Test for, 302. 

Tape, Friction, for Electrical Purposes, Spec, 
for, 1078. 

Tape, Rubber Insulating, Spec, for, 1083. 
Tear Resistance of Vulcanized Rubber, Test 
for, 290. 

Tension Toting of Vulcanized Rubber, Tests 
for, 247. 

Ruling Quality of Paper. 

See Wettability Test. 

s 

Sampling, 

(Methods of sampling are indexed under the 
materials and subjects covered by them.) 

Saponification Number Test. 

Electrical Insulating Oils, 600. 

Petroleum Products by Color-Indicator Titra- 
tion, 74. * 

Schopper Tester. 

Folding Endurance of Paper, Test for, 393. 
Screens. 

See Sieves. 

Set, Permanent. 

Rubber Hose, Testing of, 1057. 

Shear Test, 

Plastics, 217. 

Rubber Adhesives, 1199. 

Sheath Compounds. 

See Rubber Products. 

Sheets. 

Asbestos Packing, Testing of, 363. 

Electrical Insulating Materials, 

Acetone Extraction of Phenolic Laminated 
Products, Test for, 11. 

Compressive Strength, Test for, 538. 
Flexural Strength, Test for, 542. 

Power Factor and Dielectric Constant 
Parallel with Laminations of Laminated 
Sheet, Tests for, 682. 

Testing of, 36. Tentative Revision, 1325. 
Tensile Strength, Test for, 551. 
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Sleets {ConUnmi}* 

Electrical Insulating Materials, ' ' 

Thickness Test, .47. 

Vulcanized Fibre, Spec, for, S67. 
Vulcanized Fibre, Testing of, 594. 

Phenolic Laminated Sheet, 
for Radio Applications, Spec, for, 572. 
Product Uniformity, Test for, M. 

Punching Quality, Test for, 14. 

Plastics, 

Blocking, Method for Estimating, 814. 

Cast Ally!, Spec, for, SOL 
Cast Methacrylate, Spec, for, 187. 

Cellulose Acetate, Spec, for, 787. 

Cellulose Nitrate (P^TOxylin), Spec, for, 
737. 

Compressive Strength, Test for, 824. 
Laminated Thermosetting Materials, Spec, 
for, 554. 

Long-Time Tension Tests, Recommended, 
Practice for, 919. 

Nonrigid Vinyl Butyral, Spec, for, 783. 
Nonrigid Vinyl Chloride - Acetate Resin 
Spec, for, 768. 

Nonrigid Vinyl Chloride, Spec, for, 778. 
Shear Strength, Test for, 217. 

Thin, TensOe Properties of, Test for, 911. 
Transparent, Surface Irregularities, Test 
foFi 228. 

Vinyl Chloride - Acetate Resin, Spec, for, 
757. 

Water Vapor Permeability, Test for, 923. 
•Water Vapor Permeability of Paper and 
Other Sheet Materials at Elevated Tern-* 
perature and Humidity, Test for, 1255. 

Shellac for Electrical Insulation. 

Orange, and Other Indian Lacs, Spec, for, 

, '495. , 

Testing of, 1. 

Shipping Containers. 

See Containers. 

Shrinkage Test. 

See also Volume Change Test. 

Cast Methacrylate Plastics, 187. 

Deformation of Plastics Under Load, 833. 
Molded Electrical Insulation, Shrinkage from 
Mold Dimensions, 23. 

Molded Materials for Electrical Insulation, 
'527.''' ^ . 

Nonrigid Polyvinyl Tubing, *583. 


Sieve Analysis. ' 

Mica, Natural,. Test for, , 144. , 

Molding Powders 'for Molded Electrical' In- 
sulators, Testing of, 6.^ ^ ^ ^ ^ 

■ Particle Size Distribution of , Subsieve Size, 
Particulate Substances, Test for, 1292. , 
Sieves for Testing Purposes, Spec, for, 471. 

Sieves* 

See also Sieve Analysis. 

Sieves for Testing Purposes, Spec, for, 471. 

Silica, Test for in. 

Vulcanized Fibre for Electrical Insulation, 
594. 

Sizing. 

See also Paper; Resin. 

Glass Yarn With Insulating Varnish, Test 
for Compatability of, 722. 

Slate. 

Electrical Test for Conducting Paths in, 131. 
Sleeving. 

Asbestos, Tubular, Tests for, 173. 

Flexible Treated Cotton and Rayon, Used 
in Electrical Insulation, Spec, for, 496. 
Flexible Varnished Tubing, Used for Elec- 
trical Insulation, Testing of, 61, Tentative 
Revision, 1326. 

Glass Tubular Sleeving, Woven, Tests and 
Tolerances for, 180. 

Tubular Sleeving, Tests and Tolerances for — 
see Part III-A, Book of A.S.T.M. Stand- 
ards, 618. 

Sludge Test. 

Mineral Transformer Oil, 628. 

Softening Point Test. 

See also Consistency Test. 

Ball and Shouldered Ring, 1303. 

Hard Rubber Products, 1175. 

Rubber Adhesives, 1199. 

Thermometers, Spec, for, 454. 

Spalling Test. 

Electrical Porcelain, 92. 

Specific Gravity Test. 

Askarels, 606. 

Electrical Insulating Oils, 600. 
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Filling and Treating Compounds. Solid, for 
Electrical Insulation, 106. 

Plastics, 889. 

Specifications. 

(Specifications are indexed under the mate- 
rials and subjects covered by them.) 

Spectral Refiectivity, 

Spectral Characteristics and Color of Objects 
and Materials, Test for, 220. 

Splitting Resistance Test. 

Mica, Natural Block and Films, Suitable for 
Use in Fixed Mica-Dielectric Capacitors, 
705. 

Sponge Rubber. 

Cellular Rubber Products, Spec, for, 1168. 
Cellular Rubber Products, Testing of, 1191. 

Spool Insulators. 

See Glass Insulators; Porcelain, ElectricaL 
Spot Test. 

Synthetic Elastomers, Identification and 
Quantitative Analysis of, 969. 

Stability Test. 

See also Sludge Test, 

Pasted Mica Used in Electrical Insulation, 
150. 

Plastics Containing Chlorine, Short-Time 
Stability at Elevated Temperatures, 893. 
Plastics, Nonrigid Ethyl Cellulose, 773. 
Rubber Adhesives, 1199. 

Staining Test, 

Paper by Alkali, 367. 

Starch. 

Coating on Mineral-Coated Paper, Quantita- 
tive Determination of, 384. 

Paper, Test for Starch in, 428. 

Steam -Einulsion Test. 

Electrical Insulating Oils, 600. 

Steam Hose. 

See Hose. 

Steatite, 

Electrical Insulation, Testing of, 104. 
Porcelain, Electrical, Testing of, 92. 


Stiffness Test. 

Elastomers, Natural and Synthetic, Young^s 
'Modulus' in Flexure at Normal and Sub- 
normal Temperatures, 313. 

Nonrigid Plastics, Test for Stiffness in Flexure^ 

895. 

Paperboard, Corrugated and Solid Fiherboard, 

1238. 

Rubber and Plastic Alaterials for Low- 
Temperature Testing, Conditioning of, 
1029. 

Stress, Strain. 

Definitions Relating to Methods of Testing, 
487. 

Plastics, Compressive Strength, Test for, 
824. 

Plastics, Tensile Properties, T^t for, 899. 
Stripping Test. 

See Peel Test. 

Stroking Test. 

Rubber Cups, Natural, for Use in Hydraulic 
Actuating Cylinders, 1046. 

Sulfates in Insulating Liquids. 

Method of Test for, 616. 

Sulfur. 

Insulating Oils, Electrical, Testing of, 65, 
600. 

Rubber Products, Chemical Analysis of, 
Methods of, 939. 

Rubber, Test for Physical State of Cure 
(T-50 Test), 986. 

Swelling Test. 

See also Volume Change Test. 

Flat Rubber Belting, 324. 

. Hose, Automotive Air and Vacuum Brake, 
1067. 

Hose, Rubber, 1057. 

Rubber and Rubber-Like Materials in Liquids, 
Changes in Properties of, 1014. 

Synthetic Rubber. 

. See Rubber Products^, 

T" 

T-SO Test. 

•Vulcanized Rubber, Te^t fpr Physical State 

of Cure, 986- 
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Tape. 

Adhesiveness of, Gummed, Test for, 1223. 
Asbestos, for Electrical Purposes, Spec, 
and Tests for, 167. 

Cotton, 0.007-in. for Electrical Purposes, 
Spec, for, 171, 

Dielectric Strength of Insulating Materials at 
Commercial Power Frequencies, Tests for, 
124. 

Friction, for Electrical Purposes, Spec, for, 
1078. 

Glass Fabric, Varnished, Used in Electrical 
Insulation, Testing of, 724. 

Glass, Woven, Tests and Tolerances for, 

.■'.■;177. 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, Spec, 
for, 1103. 

Plastics, Nonrigid Vinyl Chloride - Acetate 
Resin, Spec, for, 768. 

Plastics, Nonrigid Vinyl Chloride, Spec, for, 
778. 

Rubber Insulating, Spec, for, 1083. 
Thickness of Sol||i Electrical Insulation, 
Tests for, 47, 

Varnished Cloth, Black Bias-Cut, for Elec- 
trical Insulation, Spec, for, 499. 

Varnished Cloth, for Electrical Insulation, 
Testing of, 517. 

Varnished Glass Fabric, Used in Electrical 
Insulation, 724. 

Woven, Tests and Tolerances for, 182. 

Tear Test. 

Paper, 

Edge Tearing Strength, 1226. 

Internal Tearing Resistance, 436. 
Untreated, for Electrical Insulation, 685. 
Rubber, 

Coated Fabrics, 1087. 

Sheath Compound for Electrical Insulated 
Cords and Cables, 1143. 

Vulcanized, 290. 

Temperature, Effect of. 

Battery Containers, Asphalt Composition, 
Testing of, 1183. 

Conditioning of Rubber and Plastic Materials 
for Low-Temperature Testing, Recom- 
mended Practice for, 1029. 

Paper, Effect of Heating on Folding Endur- 
ance of, Test for, 398. 

Plastics, 


Deformation Under Load, Tests for, 833. 
Enclosures . for Small Testing Machines 
for Tests at Subnormal and Super- 
normal Temperatures of Electrical In- 
sulating Materials and Plastics, Spec, 
for, 730. 

Impact Resistance at Subnormal and 
Supernormal Temperatures, Recom- 
mended Practice for, 932. 

Linear Expansion, Test for Coefficient 
of, 230. 

Permanent Effect of Heat, Recommended 
Practice for Determination of, 936. 
Polyvinyl Tubing, Nonrigid, Testing of, 
583. 

Resistance to Accelerated Service Condi- 
tions, Test for, 882. 

Servicing Units for Tests at Subnormal 
and Supernormal Temperatures of 
Electrical Insulating Materials and 
Plastics, Spec, for, 731. 

Short-Time Stability at Elevated Tempera- 
tures of Plastics Containing Chlorine, 
Test for, 893. 

Tensile and Compressive Properties at 
Subnormal and Supernormal Tempera- 
tures, Test for, 916. 

Rubber and Plastic Materials, Recommended 
Practice for Conditioning for Low-Tempera- 
ture Testing, 1029. 

Rubber Cups, Natural, for Use in Hydraulic 
Actuating Cylinders, Spec, for, 1046. 

Thermoplastic Molding Materials, Test for 
Measuring Flow Properties of, 863. 

Varnishes Used for Electrical Insulation, 
Testing of, 503. 

Tension Testing. 

Adhesives, 1217. 

Adhesives, Peel or Stripping Strength, 1213. 

Asbestos Sheet Packing, 363. 

Asphalt Composition Battery Containers, 
1183. 

Brake Hose, Automotive Hydraulic, 1072. 

Definitions Relating to Methods of Testing, 
487. ' 

Electrical Insulating Materials, 551. 

Insulators, Glass Spool, 78. 

Insulators, Pin-Type Lime-Glass, 80. 

Molded Materials for Electrical Insulation, 
527. 

Paper," ■, 

and Paper Products, 1245. 
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and Paper Products, Wet TensOe Breaking 

Strength Test, 1248. 

Edge Tearing Strength Test, 1226. 
Untreated, for Electrical Insulation, 685. 
Phenolic Material, Molding Specimens of, 
934. 

Plastics, 

Long-Time Tests, Recommended Practice 
for, 919. 

Method of, 899. 

Nonrigid Polyvinyl Tubing, 583. 

Sheets and Films, Thin, 911. 

Tensile Properties at Subnormal and Super- 
normal Temperatures, 916. 

Porcelain, Electrical, 92. 

Rods, Laminated, for Electrical Insulation, 
31. Tentative Revision, 1325. 

Rubber, 

Adhesives, 1199. 

Belting, 324. 

Cellular Products, 1191. 

Fabrics, Rubber-Coated, 1087. 

Hard Rubber Products, 1175. 

Hose, 1057. 

Insulated Wire and Cable, 1155. 

Sample Preparation for Physical Testing, 
242, 

Vulcanized, 247. 

Sheet and Plate Materials for Electrical 
Insulation, 36. 

Tubes, Laminated, for Electrical Insulation, 
52. Tentative Revision, 1325. 

Tubing, Nonrigid Polyvinyl, 583. 

Varnished Cloth and Cloth Tapes for Electrical 
Insulation, 517. 

Varnished Glass Fabrics and Glass Fabric 
Tapes Used in Electrical Insulation, 724. 
Verification of Testing Machines, 478. 

Testing Apparatus. 

See Apparatus. 

Testing, Physical Methods of. 

(Methods of physical testing are indexed 
under the materials and subjects covered 
by them.) 

Textile Materials. 

See Coated Fabrics ; Electrical Insula-f 
ting Materials. 

Thermal Expansion. 

See Expansion Test. 


Thermal Shock Test, 

Insulated Wire and Cable: Polyvinyl Insulat- 
ing Compound, 1136. 

Lime-Glass Insulators, Communication and 
Signal Pin-Type, 641.. 

Lime-Glass Insulators, Pin-Type, 80. 

Thermometers. 

Specifications for .^.S.T.M. Thermometers, 
454, 1281. 

Thermometer for determining humidity and 
temperature, Conditioning of Paper and 
Paper Products for Testing, 386, 

Thermosetting and Thermoplastic Ma- 
terials. 

See Plastics. 

Thickness Test. 

Electrical Gloves (Voltage Rating of Gloves, 
3000 Volts), 333. 

Electrical Insulation, Solid, 47. 

Friction Tape for General Use for Electrical 
Purposes, 1078. 

Insulated Wire and Cable, 

Class AO, 30 per cent Hevea Rublver Com- 
pound, 1103. 

Heat-Resisting Rubber Compound, 346. 
Heat Resisting Sj'nthetic Rubber Com- 
pound, 1120. 

Ozone-Resistant Type Insulation, 1124. 
Performance Rubber Compound, 352. 
Performance Synthetic Rubber Compound, 
■ 1132. 

Polyvinyl Insulating Compound, 1136. 
Lime-Glass Insulators, Pin-Type, 80. 

Mica, Natural, Testing of, 144. 

Mica Stampings Used in Electronic Devices 
and Incandescent Lamps, 154. 

Packing, Asbestos Sheet, 363. 

Paper, 

and Paper Products, 442. 

Bulking Thickness, 440. 

■ Untreated, for Electrical Insulation, 685. 
Phenolic Laminated Sheets, Product Uni- 
formity of, 26. 

Rubber, 

Belting, Flat, 324. 

Coated Fabrics, 1087. 

Hose, 1057. 

Insulating Tape, 1083. 

Matting for Use .Ground Electric Apparatus, 
339. 
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Thickness Test (Conlimted). • 

Rubber, 

Vulcanized, Compression Set of, 997. 

Sheet and Plate Materials Used in Electrical 
Insulation, 36. 

Tubes, Rigid, Used in Electrical Insulation, 
57. 

Varnished Cloths and Cloth Tapes for Electri- 
cal Insulation, 517. 

Varnished Glass Fabrics and Glass Fabric 
Tapes Used in Electrical Insulation, 724. 

Thiokol Brittleness Test. 

Rubber and Rubber-Like Materials, Tempera - 
ture Brittleness, 1026. 

Toughness Test. 

See also Hardness Test. 

Impact Resistance of Electrical Insulating 
Materials and Plastics, 545. 

Transformer Oils. 

Askarels, Testing of, 606. 

Chlorides and Sulfates, Inorganic, Test for 
in, 616. 

Dielectric Strengtli of Insulating Oil of 
Petroleum Origin, Test for, 617. 

Dielectric Strength Test at Commercial 
Power Frequencies, 124. 

Electrical Insulating Oils, Testing of, 65, 
600. 

Gas Content of, Test for, 621. 

Insulation Resistance, Tests for, 135, 

Power Factor and Dielectric Constant, Tests 
for, 647. 

Saponification Number of Petroleum Prod- 
ucts by Color-Indicator Titration, Test 
for, 74. 

Sludge Formation, Test for, 628. 

Transverse T esting . 

See Flexure Test. 

Tubing. 

Electrical Insulating Materials, 

Compressive Strength, Test for, 538. 
Dielectric Constant and Power Factor, 
Tests for, 647. 

Dimensions of Rigid Tubes, Measuring of, 
57. 

Laminated Thermosetting Materials, Spec, 
for, 554. 

Laminated Tubes, Testing of, 52.- ; Tenta* 
live Revision, 1325. v : * 


Phenolic Laminated Tubing for Radio 
Applications, Spec, for, 576. 

Polyvinjd Tubing, , ' Nonrigid, Testing , of, 
'583. 

Sleeving, Flexible Treated Cotton and 
Rayon, Spec, for, 496. 

Varnished Tubing, Flexible, Testing of, 
61. Tentative Revision, 1326. 
Vulcanized Fibre, Spec, for, 567, 
Vulcanized Fibre, Testing of, 594. 

Plastics, 

Cast Allyl, Spec, for, 801, 

Cast Methacrylate, Spec, for, 187. 
Cellulose Nitrate (Pyrox 3 din), Spec, for, 
737.' 

Compressive Strength, Test for, 824- 
Turpentine Test. 

Grease Resistance of Paper, 400. 

Twist. 


Laminated Thermosetting Materials, Spec, 
for, 554. 

u 

Unsaponifiable Matter. 

Rubber Products, Methods of Chemical 
Anal^^sis of, 939. 

Urea-Formaldehyde Compound. 


See Plastics. 


V 

Vacuum Test. 

Automotive Air Brake and Vacuum Brake 
Hose, 1067. 

Vapor Resistance. 

See Permeability. 

Varnished Electrical Insulation. 

Cloth Tape, Black Bias-Cut, Spec, for, 499. 

Cloths and Cloth Tapes, Testing of, 517^ 

Dielectric Strength at Commercial Power 
Frequencies, Test for, 124. 

Glass Fabrics and Glass Fabric Tapes, Testing 
of, 724. 

Power Factor and Dielectric Constant, Tests 
^ i • for, 647, 

Treated Sleeving, Flexible, Cotton and Rayon, 
Spec, for, 496. 

Tubing, Flexible, Testing of, 61. Tentative 
Revision, 1326. I 


Index of A.S.T.M. Standards, Part IH-B 1359 


Varnishes, Insulating." I' 

Compatabiiity With Glass Yarn, Test for, 
722. 

Testing of, 503. 

Viscosity of, description and use of Mac- 
Michael viscosimeter for determining, 512. 

Vibration Damping. 

Compression Sel of Vulcanized Rubber, 
Tests for, 997. 

Vinyl Plastics. 

See Plastics. ' ' 

Viscosity ■ Test. 

See also Consistency Test; Flow Test; 
Softening Point Test. 

Conversion of Kinematic to Say bolt Uni- 
versal Viscosity— see Part III-A, Book 
of A.S.T.M. Standards, p. 309. 

Definitions Relating to Rheological Prop- 
erties, 494. 

Electrical Insulating Oils, 600. 

Kinematic Viscosity — see Part III-A, Book 
of A.S.T.M. Standards, p. 964. 

Polystyrene Molding Compounds, Viscosity 
of 10 per cent Solution, 742. 

Rubber Cements, 358, 

Saybolt Viscosity — see Part III-A, Book of 
A.S.T.M. Standards, p. 317. 

Thermometers, Spec, for, 454, 1281. 

Varnishes, description and use of MacMichael 
viscosimeter for determining viscosity of 
insulating varnishes, 512. 

Varnishes for Electrical Insulation, 503. 

Vinylidene Chloride Molding Compounds, 
Viscosity of 2 per cent Solution, 764. 

Vitrification. 

Conditioning of Rubber and Plastic Materials 
for Low-Temperature Testing, Recom- 
mended Practice for, 1029. 

Young’s Modulus in Flexure of Natural and 
Synthetic Elastomers at Normal and Sub- 
normal Temperatures, Test for, 313. 

Volatile Matter Test. 

See Loss on Heat Test; Moisture ' Test. 

Volatility. 

See Distillation Test; Fire Point Test; 
Flash Point Test; Loss on Heat Test; 
Moisture Test. 


Voltage Test, 

See also Dielectric Strength Test; Electri- 
cal Flashover Test; Power Factor T^t* 
Insulated Wire and Cable, 

Heat-Resisting Synthetic Rubber Com- 
pound, 1120. 

Ozone-Resistant Type Insulation, 1124. 
Performance Synthetic Rubber Compound, 
1132. 

Rubber, 1155. 

Volume Change Test. 

See also Shrinkage Test; Swelling Test. 
Compounds, Solid Fillmg and Treating, 
for Electrical Insulation, 106. 

Molded Electrical Insulation, Shrinkage from 
Mold Dimensions, 23. 

Molded Materials for Electrical Insulation, 
527. , ;i ■, 

Rubber and Rubber-Like Materiab in Liquids, 
Tests for Changes in Properties, 1014. 
Rubber Belting, Fiat, 324. 

Vulcanized Fibre. 

See also Electrical Insulating Materials, 
for Electrical Insulation, Testing of, 594. 
Ply Adhesion, Test for, 1234. 

Sheets, Rods, and Tubes Used for Electrical 
Insulation, Spec, for, 567. 

Vulcanized Rubber. 

See Rubber Products. 

w 

Warpage Test. 

Laminated Thermosetting Malcriak, 554. 
Rods, Rigid, Used in Electrical Insulatioii, 

581. 

. Tubes, Rigid, Used in Electrical Insulation, 

57. 

Water Absorption. 

See Absorption Test; Moisture Test; Per- 
meability. 

Water, Test for in. 

See Absorption Test; Moisture Test. 

Water Vapor Permeability. 

See Permeability. 
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Waterproofing Materials, , 

Rubber-Coated Fabrics, Hydrogen Permea- 
bility of, Test for, 1099. 

Rubber-Coated Fabrics, Testing of, 1087. 

Wax, 

Paper, Waxed, Test for Paraffin Content of, 
415. 

Wear Test. 

See Abrasion Test. 

Weathering. 

Adhesives, Determining the Effect of Arti- 
ficial (Carbon- Arc Type) and Natural 
Light on the Permanence of, 1210. 
Carbon Arc Accelerated Weathering Unit, 
Recommended Practice for Characteristics 
of, 1308. 

Definitions of Terms with Procedures Relat- 
ing to, 1318. 

Plastics, Accelerated Weathering Using S-1 
Bulb and Fog Chamber, Recommended 
Practice for, 927. 

Plastics, Resistance to Accelerated Service 
Conditions, Test for, 882. 

Rubber Compounds, 

Calibrating a Light Source for Accelerating 
Deterioration of, Method of, 983, 
Resistance to Accelerated Light Aging, 
Test for, 980. 

Resistance to Light Checking and Cracking 
of, Test for, 267. 

Weight. 

Paper and Paper Products, Test for Basis 
Weight, 371. 

Plastics, Resistance of to Accelerated Service 
Conditions, Test for, 882. 

Rubber, 

Adhesives, Testing of, 1199. 
and Rubber-Like Materials in Liquids, 
Test for Changes in Properties, 1014. 
Coated Fabrics, Testing of, 1087. 
Varnished Cloths and Cloth Tapes for Electri- 
cal Insulation, Testing of, 517. 

Varnished Glass Fabrics and Glass Fabric 
Tapes Used in Electrical Insulation, Testing, 
724. 


Weight Loss on Heating* 

■See ^ss on Heat Test; Moisture Test. 
Weight of Mineral Filler and Surf acing. : 

Rubber Insulated Wire and Cable, Testing of, 

1155, 

Wettability Test* 

Paper, Surface Wettability (Angle-of-Con- 
tact Method), 432. 

Whip Test. 

Automotive Hydraulic Brake, Hose, Pro 
cedure for fatigue life of, 1072. 

Wire. 

See also Cable. 

Insulated Wire and Cable, 

Class AO, 30 per cent Hevea Rubber 
Compound, Spec, for, 1103. 
Heat-Resisting Rubber Compound, Spec, 
for, 346. 

Heat-Resisting Synthetic Rubber Com- 
pound, Spec, for, 1120. 

Ozone-Resistant Type Insulation, Spec, 
for, 1124. 

Performance Rubber Compound, Spec, 
for, 352. 

Performance Synthetic Rubber Compound, 
Spec, for, 1132. 

Polyvinyl Insulating Compound, Spec, for, 
1136.’ 

Rubber, Testing of, 1155. 

Wire Side of Paper, Test for, 452. 

Writing Quality of Paper. 

See Wettability Test. 

Y.-" 

Yarns. 

Asbestos Yarns, Spec, and Tests for, 158. 
Jute Rove and Plied Yarn for Electrical and 
Packing Purposes, Tests and Tolerances 
for, 718. 

Z 

Zinc Chloride, Test for in, 

Vulcanized Fibre for Electrical Insulation. 
594. 



